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ABSTRACT

Fresh Oreochromis niloticus is highly perishable due to microbial growth, enzymatic activity, and
oxidation, making proper preservation essential for maintaining fish quality and safety. This study
aimed to evaluate the effectiveness of commercially available soybean oil as a natural preservative
for fresh O. niloticus by assessing its antimicrobial activity and the physical appearance of the fish.
A quantitative experimental design was used, wherein fresh tilapia samples were divided into three
groups: soybean oil-treated samples, untreated negative control samples, and refrigerated positive
control samples. Swab samples were collected from the gills, body, and gut at 2, 6, 10, and 24
hours, inoculated on Nutrient Agar and MacConkey Agar, and analyzed using colony-forming unit
counts per plate (CFU/plate), One-Way ANOVA, and Tukey HSD post hoc test. In Nutrient Agar,
significant differences (p <0.05) among treatment groups were observed at all storage periods, with
the soybean oil-treated samples showing lower bacterial counts than the negative control at 6, 10,
and 24 hours. In MacConkey Agar, significant differences were observed at 2, 10, and 24 hours,
while no significant difference (p < 0.05) was observed at 6 hours. The soybean oil-treated samples
showed lower Gram-negative bacterial counts than the negative control at 10 and 24 hours,
suggesting possible delayed and selective antimicrobial activity. However, the treatment did not
consistently produce the lowest bacterial count in all time intervals and media. In terms of physical
appearance, refrigeration remained the most effective method. At the same time, soybean oil-treated
samples exhibited only moderate quality and did not differ significantly from untreated samples in
most physical parameters. The study concludes that commercially available soybean oil showed
limited, selective, and time-dependent antimicrobial potential, but it cannot fully replace
refrigeration. Further studies using controlled soybean oil concentrations, phytochemical screening,
bacterial identification, longer observation periods, and combined refrigeration treatment are
recommended.

Keywords: antimicrobial, delayed, preservative, soybean oil, treatment
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INTRODUCTION

Background of the Study

Fish and fishery products are important contributors to food and nutrition security,
income generation, and livelihood activities, especially in the Philippines. Nutrients are
obtained from fish, including proteins, peptides, polyunsaturated fatty acids, vitamins,
minerals, and other bioactive compounds that contribute to human well-being and food
safety (Noreen et al., 2025). In addition, the fisheries industry in the Philippines is a source
of income and job creation, providing employment opportunities for people working
directly or indirectly in fisheries operations such as fishing, aquaculture, fish processing,
packaging, and transport (Southeast Asian Fisheries Development Center [SEAFDEC],

2022).

On the other hand, fish is highly perishable and spoils quickly after harvest, despite
its nutritional and economic importance. Some of the factors that lead to fish spoilage
include enzymatic autolysis, lipid oxidation, and microbial growth, which influence the
chemistry, sensory characteristics, and safety of fish products (Ghaly et al., 2010; Vijayan
etal., 2021). In general, fresh fish is more prone to deterioration due to its moisture content,
high water activity, and nutrient composition, making it susceptible to microbial infection

and biochemical reactions (Tavares et al., 2021).



Mismanagement of fish increases the number of microorganisms in the food
product, thereby lowering its quality, posing public health hazards, and causing economic
impacts. Fish products are prone to pathogen contamination, enzymatic processes,
oxidative changes, and the destruction of natural antioxidants, thereby affecting consumers
and the economy (Almughamasi et al., 2026). The careful and effective handling of fish
products is therefore important for maintaining their freshness and preventing

deterioration.

Preserving fish is important for extending the shelf life of fish products and
maintaining their quality, freshness, and sensory properties. Fish preservation techniques
generally aim to inhibit and/or slow the growth of microorganisms, enzymes, and oxidation
reactions (Nateras-Ramirez et al., 2026). The fish preservation technologies include
freezing and chilling, dehydration, salting, smoking, fermentation, modified-atmosphere
packaging, canning, and various inhibitory treatments (Ghaly et al., 2010; Nateras-Ramirez
et al., 2026). However, fish preservation technologies can also affect the sensory properties
of fish, such as appearance, smell, and flavour, influencing consumer acceptability

(Nateras-Ramirez et al., 2026).

In recent years, plant-derived preservative agents have gained popularity as an
alternative to chemical preservatives in foods. Bioactive compounds extracted from plants
have been used to prevent lipid oxidation, inhibit bacterial growth, and improve the sensory
quality of fish products (Presenza et al., 2023). The presence of phenolics, terpenoids,
aldehydes, ketones, alcohols, and other oxygenated compounds in essential oils and plant
extracts contributes to their antioxidant and antibacterial activities (Campolina et al., 2023).

These bioactive compounds have been investigated for their potential use as preservatives
2



to enhance oxidative stability and antimicrobial activity in fish products and seafood

(Hassoun & Coban, 2017).

Soybeans contain isoflavones, which are biologically active phytochemicals that
have attracted considerable attention from researchers. Isoflavones are bioactive
compounds usually associated with the consumption of soy. There are various benefits
associated with the intake of isoflavones. Among these benefits are estrogenic and
antiestrogenic properties (Wang et al., 2013). As mentioned earlier, there are health benefits
associated with the use of isoflavones and hence the importance of soy products in health
studies. In this context, the commercial use of soybean oil, rather than lab-prepared

soybean oil, is likely to affect the concentration of the active compound.

The Nile tilapia (Oreochromis niloticus) is an important fish in the Philippines. The
fish is regarded as the second most important cultured fish in the country due to its
widespread acceptance. This is because it adapts well to mass production in backyard and
commercial aquaculture (Philippine Council for Agriculture, Aquatic and Natural
Resources Research and Development [PCAARRD], 2026). Nile tilapia is widely farmed
for its rapid growth, resilience, and adaptability to warm climates (Romana-Eguia et al.,
2020). In the Philippines, tilapia is inexpensive, readily available, and an excellent source

of animal protein.

While prior studies have focused on the role of natural preservatives, essential oils,
plant extracts, and other plant-derived bioactive compounds for enhancing the shelf-life
and microbial stability of fish and seafood products, there is little research that has

investigated the effectiveness of commercially available soybean oil as a natural



preservative in extending the shelf-life of fresh O. niloticus. Prior scientific studies have
found the usefulness of plant-derived products in inhibiting lipid oxidation, microbial

proliferation, and sensory attributes in fish (Presenza et al., 2023; Hassoun & Coban, 2017).

Furthermore, soybean isoflavones have also been recognized as bioactive
phytochemicals of soybeans (Wang et al., 2013). This study was therefore carried out to
determine the efficacy of commercially available soybean oil as an antimicrobial agent for
preserving fresh Nile tilapia. The role of soybean oil in reducing bacterial proliferation in
O. niloticus was compared among soybean oil-treated, untreated, and refrigerated samples.
The study sought to address a gap in the literature on the effects of commercially available

soybean oil on tilapia preservation.

Objectives of the Study

The general objective of the study was to evaluate the effectiveness of
commercially available soybean oil as a natural preservative for fresh O. niloticus (Nile
tilapia) through antimicrobial assessment and appearance-based consumer acceptance.

Specifically, it aimed to:

1. Determine and compare the bacterial load of soybean oil-treated, untreated, and
refrigerated O. niloticus samples at 2, 6, 10, and 24 hours using Nutrient Agar and
MacConkey Agar;

2. Evaluate the antimicrobial effectiveness of commercially available soybean oil
based on colony counts expressed as CFU/plate and determine the time interval

where bacterial growth reduction was most evident; and

4



3. Assess the consumer acceptance of soybean oil-treated, untreated, and refrigerated
O. niloticus samples are based on appearance criteria, including skin coloration,
scale condition, eye clarity, gill color, body shape, fin condition, presence of lesions

or wounds, slime or mucus layer, and overall appearance.

Significance of the Study

The importance of this research was to evaluate the performance of commercially
available soybean oil as a natural preservative for fresh O. niloticus (Nile tilapia). From a
scientific point of view, the results of this study can be an important source of information
on the antibacterial activities of natural oils in food preservation, as evidenced by the
analysis of bacterial growth in CFU/plate at specific time points. Environmentally, the
research championed the use of natural, eco-friendly ingredients as preservatives,

eliminating potential hazards associated with synthetic additives in food products.

From a health-concerns perspective, the study provided useful insights into
preserving fish without exposing consumers to hazardous compounds. From an economic
standpoint, the use of widely available soybean oil made this procedure economical and
practicable for local fish dealers without access to modern cooling equipment. If it works,

this preservation process could be a useful tool in maintaining fresh fish.



Scope and Delimitation

The study was designed to determine the antimicrobial potential of commercially
prepared soybean oil on fresh O. niloticus (Nile tilapia). The experimental groups were
treated (application of soybean oil), untreated (control group), and refrigerated (positive
control) samples. The refrigeration process was used as the standard for the experiment
because it slows microbial activity and enzymatic spoilage. Before sample collection, fresh

fish were isolated from other organisms using methylene blue.

Bacterial growth was analyzed at 2, 6, 10, and 24 hours, as microbial growth in
food products is time-dependent and requires examination at specific intervals. Samples
were taken from the gills, body, and intestines and placed on MacConkey Agar and Nutrient
Agar. These locations were chosen because most microorganisms are found in the skin,
gills, and intestines. Moreover, the abundance of bacteria in the gills and intestines makes
them significant sites of interest for antimicrobial potential (Ju et al., 2022). The number

of colonies (CFU/plate) was identified and compared among groups.

The commercial soybean oil product was used in the study instead of manually
produced oil due to low yield rates and the lack of specialized equipment. Therefore, the
level of antimicrobial substances remained unknown. Only antibacterial activity within 24
hours was tested, without further antifungal and antiviral studies, storage-influence

analysis, or bacterial identification.



MATERIALS AND METHODS

Research Design

This study adopted an experimental research design to determine the efficacy of
commercially available soybean oil as a natural preservative for fresh O. niloticus (Nile
tilapia) due to its antimicrobial properties. Three experimental groups were used in the
study: tilapia samples treated with soybean oil, tilapia samples refrigerated as a positive
control, and tilapia samples without any treatment as a negative control. This helped

determine bacterial growth in each sample group relative to the control groups.

Swab samples from the gills, body, and gut of the tilapia were aseptically collected
at predetermined time intervals of 2, 6, 10, and 24 hours and plated on Nutrient Agar and
MacConkey Agar to measure bacterial growth. Following incubation, the bacterial colonies
were counted using the colony-forming unit per milliliter (CFU/plate) method. The
bacterial colony counts of each experiment and time were recorded and analyzed. The
bacterial colony counts for each experiment and time point were compared to assess the

effectiveness of soybean oil as an antimicrobial agent relative to the control samples.

Research Setting

The experiment was conducted at the Natural Arts and Sciences Laboratory,
Misamis University, Ozamiz City, 7200 Misamis Occidental (8.1497093°N,

123.8412491°E). Collection of the Tilapia fish (Oreochromis niloticus) was done in

7



Barangay Canicapan, Clarin, 7201 Misamis Occidental (8.2112°N, 123.8288°E). Soybean
oil (commercially produced) was purchased from Ria Thrifty Mart, Zamora Street, Ozamiz

City, 7200 Misamis Occidental ( 8.14°N, 123.84°E).

To prevent spoilage of the collected fish and facilitate safe transport, the specimen
was placed in an icebox and transported to the Misamis University — Natural Arts and
Sciences Laboratory, where the required equipment for the procedure was available. For
preparation and bacterial culture, the laboratory at the Natural Arts and Sciences facility

was used. The experiment was conducted using sterile conditions to obtain accurate results.

LEGEND:

® MU-NatSci Lab

@ Oreochromis niloticus-Site i
@ Soy bean &
U4 .

‘F‘.'(.‘;_‘; P
A |
GREL ) ) 4
; o PR e
-}J:’. £ ’ b,
‘.\L J,/’— b X
Philippines 'y

Figure 1. The map pinpointed the specific areas



Conceptual Framework

The conceptual framework of the study outlines the procedure used to determine
the antimicrobial efficacy of commercially available soybean oil as a natural preservative
for the freshness of O. niloticus (Nile tilapia) (Figure 2). The process started with the
acquisition and processing of the soybean oil sample. This was followed by the preparation
of the fish samples through isolation and selection, after which they were equally
distributed into three groups: treated, untreated, and refrigerated. The three groups
facilitated a comparison of the results of soybean oil treatment with those obtained using
the refrigeration technique, which is known to reduce microbial growth rates (Mafe et al.,
2024; Chu et al., 2024).

Application of soybean oil, storage, and observation of the results at 2, 6, 10, and
24 hours were performed, as microbial growth in fish depends on time (Ju et al., 2022).
Bacterial growth rate was evaluated microbiologically by collecting swabs from the gills,
body, and guts, which were later used to inoculate culture media and subsequently to
determine colony-forming units per plate (CFU/plate). This is an internationally recognized

parameter for measuring bacterial load in any sample (ISO, 2013).
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Figure 2. Schematic diagram of the study
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Procurement of Commercial Soybean Qil

The test material in the research was commercial soybean oil, available in food-
grade quality as Pure Soya Oil, obtained from a local company, Ria Thrifty Mart Store, in
Ozamiz City (Figure 3). Soybean oil was selected because soybeans contain bioactive
compounds such as phenolics and isoflavones, which have been associated with antioxidant
and potential antimicrobial properties (Freitas et al., 2019). The use of commercially
available soybean oil was more practical and accessible for experimental applications than

laboratory-extracted oil.

Figure 3. Commercially sold soybean oil from the Ria Thrifty Mart Store

Preparation of Soybean Oil

The soybean oil used in the experiment was first examined for basic physical
properties, including the presence of impurities or decomposition, before being stored in

sterilized bottles. Proper care and preservation of edible oils are important because they

11



help maintain the product's physical stability and prevent microbial contamination (Choe

& Min, 2006; Shahidi & Zhong, 2010).

Fish Sample Collection

Fish specimens were obtained from Canicapan, Clarin, Misamis Occidental. Live,
healthy O. niloticus weighing 50-100 g were specifically selected to maintain sample
consistency throughout the experiment. The use of fresh fish in microbiological studies
helps minimize spoilage and allows for a more accurate determination of microbial load
(Sarkar et al., 2020). In addition, methylene blue was used to disinfect the fish environment
and prevent water contamination of the fish's reservoir (Figure 4). Methylene blue has been
reported to possess disinfectant, antifungal, and mild antimicrobial properties in
aquaculture, making it useful in reducing microbial contamination and protecting fish from
opportunistic pathogens during handling procedures (Nipu et al., 2025; Macsen
Laboratories, 2021). Moreover, a study showed methylene blue exposure improved
resistance against Aeromonas hydrophila infection in fish (Khodadadian Zou et al., 2021).

The fish samples gathered were carefully handled to ensure they were in

satisfactory condition before being transported.
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Figure 4. Methylene blue obtained from an online shop
The results revealed that microbiological samples should be transferred immediately into
an uncontaminated container to preserve their original microbial state before laboratory
analysis (Nwiyi et al., 2012). In this study, contamination of containers was avoided by
making sure that all sampling containers were pre-cleaned, disinfected, and properly
sterilized before use. The containers were made of nonreactive, food-grade materials,
rinsed with sterile water, and handled with clean gloves to avoid direct contact with human
hands. After collection, they were immediately sealed and only opened during sampling to
minimize exposure to environmental contaminants. Furthermore, hygienic handling
principles similar to those used in fish transport, such as clean equipment, controlled
handling conditions, and avoiding exposure to external contaminants, were also observed to

preserve sample integrity (FAO, 1995; Scully RSV, 2022; Wang et al., 2021)

The fish samples were collected alive and kept in well-labelled Styrofoam boxes,
which were lined and wrapped with plastic to prevent leakage and contamination during

transportation to the laboratory. Transport of the fish samples to the laboratory occurred
13



immediately after collection to prevent bacterial growth from delayed handling (Sarkar et
al., 2020).

The selection of the gill, body surface, and intestine for sampling was justified by
microbiological literature indicating that these body parts harbor substantial bacterial flora
and are widely used to assess microflora in fish. Conventional methods include the aseptic
collection or swabbing of these body parts to measure the bacterial load in the fish (Fatima
et al., 2014; Pakingking et al., 2015). A photo of O. niloticus from Barangay Canicapan,

Clarin is shown in Figure 5)

Figure 5. Oreochromis niloticus (Nile tilapia) from Barangay Canicapan, Clarin

Tilapia Preparation and Soybean Qil Application

O. niloticus (Nile Tilapia) fish samples were humanely butchered within 20
minutes of arrival in the laboratory to ensure freshness and prevent changes in the microbial
population. It is essential to process the samples immediately after harvesting to prevent
bacterial multiplication and ensure that any changes in microorganisms are attributable to
experimental conditions rather than to external contamination (Sarkar et al., 2020).

Dissection of fish samples was performed under sterile conditions with sterile instruments,

14



and excess moisture and blood from their surfaces were wiped off with a sterile cloth.
Dissection and handling of fish tissue samples under aseptic conditions are common
procedures in microbiology to prevent contamination (Nwiyi et al., 2012). The prepared
samples were then separated into three groups: soybean oil-treated, untreated negative
control, and refrigerated positive control. In the soybean oil-treated group, the fish samples
were fully immersed in commercially available soybean oil before the first observation
interval. After each observation period, beginning at the 2-hour interval, swab samples
were aseptically collected from the fish and inoculated onto the prepared agar plates. The
inoculated plates were then incubated to allow bacterial colonies to grow. After
inoculation, the same treated samples were re-immersed in soybean oil and kept for the next
scheduled time interval; this procedure was repeated for the 6-, 10-, and 24-hour
observations. The untreated control group did not receive any treatment, while the positive
control group was stored under refrigeration. In accordance with the assigned conditions,
all samples were covered with sterilized cheesecloth to prevent contamination during
observation. Consistent procedures are crucial in comparative research so that differences

among samples can be attributed to the treatment applied (Fatima et al., 2014).

After all necessary steps were completed, the samples were kept under different
conditions and observed at 2, 6, 10, and 24 hours. This time-based assessment of microbial
growth is very common in food microbiology because bacterial spoilage of fish occurs
gradually and requires evaluation at specific time points to assess its effects (Ju et al.,

2022).
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Microbial Analysis and Colony Counting

For the study of bacteria in treated, untreated, and refrigerated O. niloticus
(tilapia), conventional microbiological media, including Nutrient Agar (NA) and
MacConkey Agar (MAC), were used for bacterial culture. These are commonly used in
food microbiology to assess and differentiate bacterial colonies, where NA is used for
general-purpose growth and MAC for selective and differential growth of Gram-negative

enteric bacteria (Cappuccino & Sherman, 2014; Leboffe & Pierce, 2011).

After using commercial soybean oil and forming experimental groups, inoculating
swabs were collected from the gills, body, and gut of the tilapia at 2-hour intervals (2, 6,
10, and 24 hours). Fish spoilage is a complex process driven by three primary mechanisms:
enzymatic autolysis, oxidation, and microbial growth. To mitigate these effects, the
industry currently relies on low-temperature storage and various chemical techniques to
regulate water activity, thereby curbing enzymatic, oxidative, and microbial degradation.
(Ghaly et al., 2010) This was chosen because of the large number of microbes in these
organs, most of which are typically found in fish gills, skin, and intestine (Ju et al., 2022).
After that, all swabs were inoculated onto the corresponding culture media at each time
interval to determine the growth rate and antimicrobial activity of the treatment. Time-
based inoculations are typical in food microbiology to observe the bacterial growth and

determine if a particular treatment is bacteriostatic or bactericidal (Adams & Moss, 2008).

All inoculated plates were properly labelled concerning their respective treatment
groups and incubation time. The experiment was repeated multiple times to improve data
accuracy. Repeating the procedure several times increases the reliability of microbiological

experiments, as replication is required in such research (Cappuccino & Sherman, 2014).
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The number of viable bacteria was expressed as colony-forming units per plate
(CFU/plate) and determined by counting visible bacterial colonies after incubation. Colony
counts were performed after an adequate incubation period to allow the development of
distinguishable, visible colonies on the culture medium. The data obtained after incubation
were compared to assess the effectiveness of soybean oil as an antimicrobial agent and to

determine whether it is bacteriostatic or bactericidal.

Consumer Acceptance through Physical Appearance Evaluation

The physical appearance of the tilapia samples was evaluated using sensory
quality indicators adapted from the Food and Agriculture Organization (FAO) guidelines
for assessing fresh fish. The parameters assessed included skin coloration, scale condition,
eye clarity, gill color, body shape, fin condition, lesions or wounds, slime or mucus layer,
and overall appearance. These indicators were used to determine the freshness and visible

quality changes of the fish samples under different treatment conditions (FAO, 1989).
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Data Processing and Statistical Analysis

Data were collected from each trial to assess the antibacterial activity of commercially
available soybean oil against fresh O. niloticus. Moreover, the data were tested for normality using
the Shapiro-Wilk test. Bacterial colonies were expressed as colony-forming units per plate
(CFU/plate), a widely used method for determining bacterial populations in food samples (ISO,
2013).

CFU data for all test groups and time periods were summed to obtain the mean number of
bacterial colonies. This allowed for better comparison of the bacterial growth patterns of the soybean
oil-treated, control, and chilled samples. The experiments were replicated to increase the reliability

of the results and minimize the probable errors (Montgomery, 2017).

Mean Bacterial Colonies CFU/plate = En_x

Where: > x= total number of colonies counted from all plates, n = number of plates observed

One-Way ANOVA and Tukey's Post Hoc test were employed to determine whether there
were significant differences in bacterial counts among the sample groups at different time periods.
To assess the impact of the treatment on bacterial growth, soybean oil-treated samples were
compared with untreated and refrigerated samples. Changes in bacterial counts over time were also
evaluated to determine whether soybean oil slowed bacterial growth or killed germs, depending
on the extent of microbial growth inhibition (Adams & Moss, 2008). The results were tabulated to

facilitate understanding and interpretation of the bacterial growth patterns.
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RESULTS AND DISCUSSION

Mean Bacterial Counts Across Treatments and Time Intervals

Table 1 demonstrates differences in bacterial counts across the culture media, treatment
groups, and time intervals. In Nutrient Agar (NA), the soybean oil-treated samples frequently had
lower bacterial counts than the negative control at 6, 10, and 24 hours, suggesting that soybean oil
may have contributed to reduced bacterial proliferation during prolonged storage. Although the
negative control had the least amount at 2 hours, this does not mean that it was better maintained.
Since fresh fish naturally have irregular bacterial counts on the skin, gills, and intestines, microbial
counts may vary depending on the fish's initial state, handling, and sampling location. Other causes

of fish spoilage include microbial growth, enzymatic activity, oxidation, and handling.

Table 1. Mean bacterial count (CFU) of fish under different treatments per observation time

Time Interval Culture Medium Positive Control Negative Control Treatment

2 hours Nutrient Agar 138.20 + 34.39 48.00 £ 27.50° 122.00 + 39.86*

MacConkey Agar 62.60 £ 14.06° 17.20 +23.25b 80.20 + 34.90°

6 hours Nutrient Agar 136.80 + 48.46¢ 55.40 + 9.34° 66.60 £ 14.99°

MacConkey Agar 60.60 = 30.222 29.20 + 8.932 74.20 +42.68°

10 hours Nutrient Agar 74.60 +£27.41° 157.20 + 31.64 56.60 = 19.27°

MacConkey Agar 46.80 +23.57° 88.60 £ 11.84» 36.40 £ 18.04°

24 hours Nutrient Agar 40.00 £ 35.11° 214.40 £+ 41.092 51.60 = 34.67°

MacConkey Agar ~ 22.20 +22.84% 120.80 + 11.632 21.60 +£18.28°

Note: Means within the same row having different superscript letters (e.g., 2, ®) are significantly different at p < 0.05,
while means sharing the same superscript letter are not significantly different based on the Tukey HSD post hoc test.

Bacterial loads can differ even before therapy (Sarkar et al., 2020). Similarly, the number

of bacteria in the MAC increased in the soybean oil treatment group compared with the negative
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control group at 2 and 6 h, but decreased at 10 and 24 h. This means that soybean oil's action on
Gram-negative bacteria was not immediate but could be delayed and selective with time. The
observed differences may also be associated with the natural bacterial population of tilapia, which
can vary with culture conditions, handling, and storage practices (Bereded et al., 2022; Pakingking
et al., 2015). Poor handling may further enhance bacterial contamination in Nile tilapia (Admasu
etal., 2023). In general, the results indicate a partial, time-dependent antibacterial effect of soybean
oil; however, it was not able to limit bacterial growth across all media and sampling times. The
result is in agreement with studies that have demonstrated the utility of plant-based preservatives
in extending the shelf life of seafood, but their efficacy depends on the concentration, formulation,
storage conditions, and the specific bacteria present (Baptista et al., 2020; Kurek et al., 2024;
Presenza et al., 2023). The effects of soy-derived compounds may also vary with bacterial species,
chemical structure, and target site (Hummelova et al., 2015; Vazquez et al., 2017). Commercial
refining may reduce some bioactive components important for antibacterial activity (Fine et al.,

2016).

ANOVA and Post Hoc Results for Nutrient Agar

The statistical analyses discussed are shown in Tables 2 and 3. The One-Way ANOVA
results for Nutrient Agar (NA) showed significant differences among the treatment groups at all
storage periods: 2 hours, 6 hours, 10 hours, and 24 hours. This means the bacterial counts differed
among the positive control, negative control, and soybean oil-treated samples. The increasing F-
values from 2 hours to 24 hours also suggest that the differences among the groups became wider
as storage time increased. Since NA supports the growth of general culturable bacteria, these
results indicate that storage conditions and treatment affected total bacterial growth. This supports

the idea that plant-derived compounds may help inhibit microbial proliferation in fish and seafood
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products. The possible antimicrobial activity may also be linked to soybean bioactive compounds,
since soy isoflavones are known phytochemicals with antimicrobial effects against some
pathogenic biofilms. The document also shows that One-Way ANOVA and Tukey HSD were used
to compare bacterial counts among soybean oil-treated, untreated, and refrigerated groups across

time.

Table 2. ANOVA Results for NA (Across Treatments per Time)

Time F-value p-value Interpretation
2 hrs 9.83 0.0030* Significant
6 hrs 10.97 0.0020* Significant
10 hrs 20.33 0.0001* Significant

Note: *Significant difference at p= <0.05

The Tukey HSD results explained which groups were significantly different. At 2 hours,
the soybean oil treatment did not differ significantly from the positive control. However, it did
differ from the negative control, indicating that the early effect was not yet clearly favorable. At 6
hours, the treatment differed significantly from the positive control but not from the negative
control, suggesting a possible early reduction in bacterial growth. At 10 and 24 hours, the negative
control differed significantly from both the positive control and the treatment, whereas the positive
control and the treatment did not differ significantly from each other. This means the soybean oil-
treated samples maintained lower bacterial counts than the untreated group during extended
storage and approached the refrigerated group. However, this should be interpreted as a selective,
time-dependent antimicrobial response, not as complete bacterial inhibition. The effect may vary
because bacterial responses depend on species, chemical structure, and target site (Fine et al., 2016;
Vézquez et al., 2017), and commercial refined oils may contain lower levels of minor bioactive

compounds that can affect antimicrobial strength.
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Table 3. Tukey HSD Post Hoc Comparison for Nutrient Agar (NA)

Time Comparison p-value Interpretation
2 hrs Positive Control vs. 0.0035 Significant
Negative Control
Positive Control vs. 0.7411 Not Significant
Treatment
Negative Control vs. 0.0132 Significant
Treatment
6 hrs Positive Control vs. 0.0026 Significant
Negative Control
Positive Control vs. 0.0075 Significant
Treatment
Negative Control vs. 0.8256 Not Significant
Treatment
10 hrs Positive Control vs. 0.0010 Significant
Negative Control
Positive Control vs. 0.5497 Not Significant
Treatment
Negative Control vs. 0.0002 Significant
Treatment
24 hrs Positive Control vs. 0.000 Significant
Negative Control
Positive Control vs. 0.8751 Not Significant
Treatment
Negative Control vs. 0.0000 Significant
Treatment

Note: Comparisons within the same time point having a significant interpretation indicate statistically different microbial counts
at p < 0.05, while non-significant interpretations indicate no statistical difference between groups based on the Tukey HSD post
hoc test.

ANOVA and Post Hoc Results for MacConkey Agar

Results from the ANOVA and Tukey HSD test for MacConkey Agar showed significant
differences (Tables 4 and 5). The ANOV A results for MacConkey Agar (MAC) showed significant
differences among the treatment groups at 2, 10, and 24 hours, but not at 6 hours. Since
MacConkey Agar is used to culture and differentiate Gram-negative enteric bacteria that may
originate from the fish gut, handling processes, or the environment, the results suggest that the
treatments affected the growth of Gram-negative bacteria during certain storage periods. At 2
hours, the significant result may be due to an early difference in bacterial load among the samples.
However, it should not be interpreted as clear soybean oil inhibition, as the treated group still had

a higher bacterial count than the negative control. At 6 hours, the result was not significant,
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meaning the bacterial counts among the groups were statistically similar. This may show

temporary stabilization or adaptation of bacterial populations.

Table 4. ANOVA Results - MAC (MacConkey Agar)

Time F-value p-value Interpretation
2 hours 8.10 0.0059 Significant

6 hours 2.84 0.0979 Not Significant
10 hours 11.21 0.0018 Significant
24 hours 49.34 0.000002 Significant

Note: p <0.05 shows a significant difference

The Tukey HSD results showed that at 10 and 24 hours, the negative control significantly
differed from both the positive control and the soybean oil-treated group. In contrast, the positive
control and the treatment group did not differ significantly. This means that during longer storage,
the soybean oil-treated samples had lower Gram-negative bacterial counts than the untreated
samples and became closer to the refrigerated group. The most positive result was observed at 24
hours, with the treated group showing a possible delayed suppression of Gram-negative bacteria.
However, this should be described as selective suppression and not immediate bactericidal action,
because Gram-negative bacteria have an outer membrane that can limit the entry of antimicrobial
agents. This is supported by studies showing that flavonoids and plant-derived antibacterial
compounds may exert different effects depending on the bacterial type, cell wall structure, and
compound properties (Gorniak et al., 2019; Shamsudin et al., 2022). Thus, soybean oil showed a
possible late-stage antimicrobial effect against MAC, but this effect was not consistent across all

time intervals.

23



Table 5. Tukey HSD Post Hoc Comparison for MacConkey Agar (MAC)

Time Comparison p-value Interpretation
2 hrs Positive Control vs. 0.0388 Significant
Negative Control
Positive Control vs. 0.5381 Not Significant
Treatment
Negative Control vs. 0.0055 Significant
Treatment
6 hrs Positive Control vs. 0.2748 Not Significant
Negative Control
Positive Control vs. 0.7669 Not Significant
Treatment
Negative Control vs. 0.0908 Not Significant
Treatment
10 hrs Positive Control vs. 0.0098 Significant
Negative Control
Positive Control vs. 0.6558 Not Significant
Treatment
Negative Control vs. 0.0020 Significant
Treatment
24 hrs Positive Control vs. 0.0000 Significant
Negative Control
Positive Control vs. 0.9985 Not Significant
Treatment
Negative Control vs. 0.0000 Significant
Treatment

Note: Comparisons within the same time point having a significant interpretation indicate statistically different microbial counts

at p < 0.05, while non-significant interpretations indicate no statistical difference between groups based on the Tukey HSD post

hoc test.

Physical Appearance Evaluation of Tilapia

The physical state of tilapia indicated that chilling was the optimal method for maintaining

visual freshness, as shown in Table 6. The chilled positive control had higher marks for skin

coloration, scale condition, gill color, body shape, fin condition, slime or mucus layer, and overall

look. This is consistent with FAO sensory guidelines, which cite skin brightness, slime condition,

eye clarity, gill color, and overall appearance as markers of fish freshness. In addition, in the

Quality Index Method for Nile tilapia held in ice, sensory changes are useful indicators of freshness

loss. Visual, microbiological, and instrumental indicators can verify fish quality.
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Table 6. Physical Condition of Tilapia Based on Mean Scores and Sensory Quality
Interpretation

Parameter Positive Control Soybean Oil Treated  Negative Control
Skin coloration 4.18 £ 0.90 — Bright, 2.82+1.19 — Dull, 2.94 +1.22 — Slight
glossy, high freshness Reduced pigmentation bleaching, early deterioration
(Grade E-A) (Grade B) (Grade B)
Scale condition 4.12 +1.02 — Smooth, 2.97 +1.19 — Moderately  2.70 + 1.20 — Roughened
intact scales (Grade E-A)  rough, slight degradation surface, reduced integrity
(Grade B) (Grade B-Not graded)
Eye clarity 2.72 £ 1.49 — Moderately 3.01 £ 1.36 — Moderately  2.94 + 1.30 — Slight
clear eyes, slight variability clear, transitional condition opacity, early freshness loss
(Grade A-B range) (Grade A-B) (Grade B)
Gill color 3.86 £ 1.25 — Red to dark- 1.90 + 1.06 — Pale/bleached 1.90 + 1.13 — Very pale gills,
red gills, fresh condition gills, stress indicator (Grade advanced deterioration (Not
(Grade E-A) B—Not graded) graded)
Body shape 422 +1.02 - Firm, well- 3.53+1.28 — 3.04 + 1.31 — Reduced
formed body (Grade E-A) Moderate firmness, firmness, early \
slight softening (Grade A-B) deformation (Grade B)
Fins condition 4.18 £ 1.16 — Intact, crisp 3.67 + 1.18 — Slight 3.36 = 1.34 — More frayed
fins (Grade E-A) fraying, moderate quality fins, reduced crispness (Grade
(Grade A-B) B)
Lesions/ 3.94+1.28 — Low 342+1.52 — 3.26 £ 1.40 — More visible
Wounds blemishes, good surface Moderate lesions, Mild lesions, deterioration signs
integrity (Grade A-E) Stress (Grade B) (Grade B)
Slime/ 422+0.89 — 2.72 £ 1.20 — Reduced 2.54 £+ 1.15 — Low mucus
Mucus layer Transparent, protective mucus, slight opacity (Grade integrity, clotted/uneven (Not
mucus (Grade E-A) B) graded-B)
Overall appearance 3.98 + 1.02 — Healthy, 293+£1.16 — 2.64 £0.96 — Dull,
fresh appearance (Grade A— Moderately stressed Reduced quality appearance
E) appearance (Grade B) (Grade B—Not graded)

Note: Grade E-A — high freshness, optimal fish condition (bright, firm, translucent features)
Grade B — moderate quality, early spoilage indicators (dullness, softening, opacity)
Not graded— advanced deterioration signs (loss of Mucus, pale gills, weak structure)

The physical quality of the soybean oil-treated samples was reasonable, although not as
fresh as the chilled positive control. The negative control showed more indicators of deterioration,
but the soybean oil-treated group did not differ substantially from the negative control on most
metrics. This suggests that soybean oil alone did not significantly improve the physical appearance
of tilapia. Studies on edible coatings and plant-based preservation reveal that natural methods can
improve fish quality, but they usually require adequate formulation, controlled concentrations, and
cold storage to be more effective (Jeon et al., 2002; Karsli et al., 2021; Kurek et al., 2024).

Refrigeration remained the best option to keep the fresh appearance of tilapia.
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Comparative analysis using Multi-parameter Evaluation and Tukey HSD Post Hoc for
Physical Parameters

The comparison analysis and Tukey HSD post hoc results revealed that the treatment
condition had a significant effect on the physical appearance of tilapia, as indicated in Table 7.
ANOVA demonstrated significant variations in skin color, scale condition, eye clarity, gill color,
body shape, fin condition, lesions or wounds, slime or mucus layer, and overall look. Therefore,

the three groups differed in their physical state.

Table 7. Comparative Analysis of the Physical Condition of Fish Exposed to Soybean
QOil and Control Treatments Using Multi-Parameter Evaluation

Parameter F-value df (2,27) p-value Decision
Skin coloration 32.41 (2,27) <0.0001* Reject HQ
Scale condition 18.76 (2,27 <0.0001* Reject HOQ
Eye clarity 21.93 (2,27) <0.0001* Reject HQ
Gill color 54.12 (2,27) <0.0001* Reject HO
Body shape 14.58 (2,27) <0.0001* Reject HQ
Fins condition 9.87 (2,27) 0.0006* Reject HQ
Lesions/Wounds 11.44 (2,27) 0.0005* Reject HQ
Slime/Mucus layer 26.08 2,27 <0.0001* Reject HQ
Overall appearance 22.67 2,27 <0.0001* Reject HQ

Note: p <0.05 shows a significant difference

The Tukey HSD results indicated significant differences between the refrigerated
positive control and both the soybean oil-treated and untreated groups across all physical measures
(Table 8). This reinforces the importance of refrigeration in delaying microbial, biochemical, and
sensory decline in fish, as chilling reduces microbial activity, enzymatic breakdown, and oxidative
changes (Ghaly et al., 2010; Tavares et al., 2021). The variation in gill color is significant because
gills are among the clearest markers of freshness. Fresh fish normally have crimson or brilliant red
gills, whereas pale or discolored gills may indicate deterioration (FAO, 1989). However, most
physical characteristics in the soybean oil treatment group did not differ substantially from those
in the negative control group. This suggests that the soybean oil treatment did not clearly improve
the fish's appearance compared with the no-treatment control. Thus, the physical appearance

results should be considered separately from the microbiological data. The antibacterial potential
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of soybean oil was limited to specified time intervals and did not consistently improve the visual
quality of tilapia. This is consistent with research showing that natural preservative systems
typically require proper formulation or combination with other preservation methods to maintain

sensory quality (Kurek et al., 2024; Presenza et al., 2023; Speranza et al., 2021).

Table 8. Tukey HSD Post Hoc Test Results for Fish Physical Parameters

Parameter Comparison Mean p-value Decision
Difference

Skin coloration PCvsT 1.36 <0.001* Reject Ho
PC vs NC 1.24 <0.001* Reject Ho

T vs NC 0.12 0.61 Fail to reject Ho
Scale condition PCvsT 1.15 <0.001* Reject Ho
PC vs NC 1.32 <0.001* Reject Ho

T vs NC 0.17 0.48 Fail to reject Ho
Eye clarity PCvsT 0.29 0.03* Reject Ho
PC vs NC 0.22 0.04* Reject Ho

T vs NC 0.07 0.74 Fail to reject Ho
Gill color PCvsT 1.96 <0.0001* Reject Ho
PC vs NC 1.89 <0.0001* Reject Ho

T vs NC 0.07 0.82 Fail to reject Ho
Body shape PCvsT 0.68 <0.01* Reject Ho
PC vs NC 0.91 <0.001* Reject Ho

T vs NC 0.23 0.31 Fail to reject Ho
Fins condition PCvsT 0.51 0.004* Reject Ho
PC vs NC 0.82 <0.001* Reject Ho

T vs NC 0.31 0.09 Fail to reject Ho
Lesions/wounds PCvsT 0.52 0.003* Reject Ho
PC vs NC 0.68 <0.001* Reject Ho

T vs NC 0.16 0.41 Fail to reject Ho
Slime/Mucus layer PCvsT 1.50 <0.0001* Reject Ho
PC vs NC 1.68 <0.0001* Reject Ho

T vs NC 0.18 0.55 Fail to reject Ho
Overall appearance PCvsT 1.05 <0.0001* Reject Ho

Note: p= <0.05 significant difference
PC=POSITIVE CONTROL; NC=NEGATIVE CONTROL; T=TREATED
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CONCLUSION AND RECOMMENDATIONS

Commercial soybean oil exhibited limited, time-dependent antimicrobial potential for
preserving fresh Oreochromis niloticus. The bacterial counts in the treated samples were lower on
Nutrient Agar at 6, 10, and 24 hours, whereas the effect was more pronounced on MacConkey
Agar at 10 and 24 hours. However, the effect was not uniform across all time intervals, so soybean
oil cannot be completely replaced by refrigeration. Refrigeration was still the best way to keep the

fish fresh and visually appealing.

Further studies should identify the optimum dose using pure or controlled concentrations
of soybean oil. Phytochemical screening is also suggested to confirm the presence of isoflavones,
phenolics, and other antimicrobial compounds. Researchers should also identify the bacterial
species present, increase the sample size, and extend the observation period beyond 24 hours. It is
also recommended to compare soybean oil alone with soybean oil refrigerated better to assess its

use as a supplementary natural preservative.
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MCLE Cempliance No. VIII-0014127; Valid until 04/14/2028 Roll No.
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poseL JALINAVIY o /2%/z¢6
Signature over printed name of Date
Parent/Guardian
g — :
Jm@ VALY INBY AN ) 01 /11’75
Signature over printed name of Date
Student -

Important: This form shall be submitted to the DSAS Office at least two (2) days before the conduct of the activity.
............................................................................-...................................\ata‘“it-(‘v&ly

SUBSCRIBED AND SWORN to before me, this MN__ZdzymSl . at >
Philippines, that the herein affiant onally cam¢ and appeared with his/her , as evidence of
his/her personal identity. ATT B. BINAG, RMT

Doc. No. IZ Notary fpblic for Ozamiz City and Clarin
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Misamis University
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MISAMIS UNIVERSITY RESEARCH CENTER
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Universities C

of Colleg

on Accreditation (PACUCOA)

MU-RC043/19 August 2025

ADVISER’S CONSULTATION FORM

NAME OF THE ADVISER: YUNALYNL.VILLANTES. Ph.D.

TITLE OF THE STUDY: SOYBEAN ISOFLAVONES AS A NATURAL PRESERVATIVE
THROUGH ANTI-MICROBIAL ACTION FOR FRESH OREOCHROMIS NILOTICUS,
LINNAEUS 1758 (NILE TILAPIA)

NAME OF PROPONENTS: AMACANIN, GLYCE A., CIMAFRANCA, PRINCE CARL D., DULA,

IAN CRIS, PAGLINAWAN, JUN RUSSELLE L.

Date of Purpose Adviser’s Comments Adviser's
Consultation Signature
01/30/26 Consultation to conduct Prepare needed materials: Fish,
study Soybean, Materials for collection, M/
and experimentation.
02/12126 Consultation for methods Inquire for fish sources, isolation {
I S and pond treatment. | ' p
03/0226 Consultation for facility Write a letter an approval letter
usage for for conducting experiment at the
experimentation laboratory.
03/23/26 Consultation for survey Use a mother journal to refer for 7
format on fish evaluation physical appearance and refer to Q\/\/
FAO for the grading.
03/30/26 Consultation for Result Provide the raw data and discuss
everything during the experiment; /
use at least 30 RRL for all the
- discussion.
04/24/26 Consultation for results Revise the discussions and add p
and discussion more supporting related articles.

*There must be at least 5 consultations before the proposal defense and at least S consultations before

Sfinal defense.
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Extraction of Soybean Oil

49



Appendix D Cont’d

Extraction of Soybean Oil
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Isolation of Nile Tilapia Fish
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Treatment of Soybean in Nile Tilapia Fish
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Preparation For Culturing
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Preparation of Culture Mediums (NA and MAC)
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Inoculation of Nile tilapia fish
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Colony Counting of Cultured Fish Inoculated Samples
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Appendix E — Sampling Computations

Table 1. Normality Test (Shapiro—Wilk) for Physical Parameters

Positive Control Group

Parameter \W4 p-value Interpretation
Skin coloration 0.911 0.286 Normal

Scale condition 0.870 0.099 Normal

Eye clarity 0.942 0.574 Normal

Gill color 0.816 0.023 X Not normal
Body shape 0.926 0.413 Normal

Fins condition 0.827 0.031 > Not normal
Lesions/Wounds 0.880 0.129 Normal
Slime/Mucus layer 0.912 0.294 Normal

Overall appearance 0.855 0.066 Normal (borderline)

Soybean Oil Treated Group

Parameter w p-value Interpretation
Skin coloration 0.890 0.169 Normal

Scale condition 0.940 0.549 Normal

Eye clarity 0.991 0.998 Normal

Gill color 0.835 0.039 > Not normal
Body shape 0.870 0.101 Normal

Fins condition 0.959 0.779 Normal
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Lesions/Wounds 0.864 0.085 Normal
Slime/Mucus layer 0.911 0.288 Normal
Overall appearance 0.925 0.399 Normal
Negative Control Group

Parameter w p-value Interpretation
Skin coloration 0.955 0.722 Normal

Scale condition 0.906 0.251 Normal

Eye clarity 0.925 0.400 Normal

Gill color 0.846 0.053 Normal (borderline)
Body shape 0.883 0.140 Normal

Fins condition 0.965 0.838 Normal
Lesions/Wounds 0.926 0.410 Normal
Slime/Mucus layer 0.952 0.686 Normal
Overall appearance 0.932 0.469 Normal

Legend:

W = Shapiro—Wilk statistic

p = significance value

a=10.05

p > 0.05 = Normal distribution

p < 0.05 = Not normally distributed
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Statistical Interpretation

e Most parameters across all groups show p > 0.05, indicating that the data are
approximately normally distributed at the participant level.
e A few exceptions were observed:
Gill color (Positive & Treated groups) — significantly non-normal (p < 0.05)
Fins condition (Positive group) — non-normal distribution
e The Negative control group showed the most consistent normal distribution,

suggesting stable scoring patterns among participants.
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Appendix F — Grammarly Report

SOYBEAN ISOFLAVONES AS A NATURAL
PRESERVATIVE THROUGH ANTI-MICROBIAL
ACTION FOR FRESH Oreochromis niloticus,
Linnaeus 1758 (NILE TILAPIA)

by Coify
General metrics
53,321 7,743 756 30min58 sec 59 min 33 sec
characters words sentences reading speaking
time time
Score Writing Issues
Issues left Critical Advanced

This text scores better than 99%
of all texts checked by Grammarly

Plagiarism

This text hasn't been checked for plagiarism
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Z"-.I tUI'nI‘tIn Page 2 of 52 - Integrity Overview Submission 1D tr:oid::28447:144466635

16% Overall Similarity

The combined total of all matches, including overlapping sources, for each database.

Filtered from the Report

» Bibliography

Match Groups Top Sources

84 Not Cited or Quoted 12% 9% @ Internet sources

Matches with neither in-text citation nor quotation marks -
g 7%  ME Publications

. 36 Missing Quotations 4% 12% & Submitted works (Student Papers)
Matches that are still very similar to source material

= 0 Missing Citation 0%

Matches that have quotation marks, but no in-text citation

® 0 Cited and Quoted 0%
Matches with in-text citation present, but no quotation marks

Integrity Flags

0 Integrity Flags for Review
Our system's algorithms look deeply at a document for any inconsistencies that

No suspicious text manipulations found. would set it apart from a normal submission. If we notice something strange, we flag
it for you to review.

A Flag is not necessarily an indicator of a problem. However, we'd recommend you
focus your attention there for further review.
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