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Abstract

HIS study assessed the antibacterial efficacy of honeybee-derived products—propolis,

bee pollen, beeswax, and their combination—against multidrug-resistant
Staphylococcus aureus (S. aureus) inoculated in raw ground beef at a concentration of 5 log
10 CFU/g, in response to increasing consumer demand for natural food preservatives. A
blend of bee products demonstrated the greatest minimum inhibitory concentration (MIC),
followed by propolis, then beeswax, and bee pollen. The antibacterial capabilities,
physicochemical characteristics, and sensory quality of the meat were assessed during cold
storage at 4°C. The combination of bee products and propolis exhibited the most potent
antibacterial efficacy, markedly decreasing S. aureus counts by the 3 and 5" days and
entirely suppressing growth by day 7. Treated samples had an increased shelf life, lasting
satisfactory until days 9 and 11, but untreated controls deteriorated by day 5. Sensory
analysis indicated a postponed decline in sensory attributes, however physicochemical
evaluations validated enhanced acceptable quality in treated samples. Electron microscopy
demonstrated significant damage to the cell membranes and internal structures of S. aureus,
especially in samples subjected to propolis and the bee product mixture. The findings
indicate that propolis and mixes of bee products may serve as excellent natural
preservatives, improving both the microbiological safety and quality of ground beef under
refrigeration.

Keywords: S. aureus, Ground beef, Propolis, Bee pollen, Beeswax, TBA, TVB-N, Shelf life,
Electron Microscope.

Introduction heightened consumer demand for clean-label and
sustainable food items [3].

Bee-derived products, including propolis, bee
pollen, and beeswax, have garnered interest for their
antibacterial properties and capacity to enhance food
flavor and quality. These products suppress microbial

contamination and can be a major source of food proliferation and improve sensory attributes,
borne pathogens when managed or processed in rendering them appealing choices for food
unsanitary circumstances [1]. The safety and quality preservation without sacrificing quality [4]. Propolis
of meat products, particularly minced meat, are is a resinous material synthesized by honeybees from
frequently jeopardized by food borne pathogens like plant resins and their own glandular excretions.
S. aureus, a bacterium that produces enterotoxins Abundant in flavonoids and phenolic acids, it
responsible for food poisoning and significant demonstrates potent antibacterial, antifungal, and

public health risks. In light of these hazards, there is antiviral capabilities that safeguard the hive from
a rising interest in natural antimicrobial agents as microbial threats [S]. In culinary applications,

substitutes for synthetic preservatives, propelled by ~ Propolis has demonstrated a considerable reduction
of S. aureus populations in minced meat by

Meat serves as a significant source of protein and
vital vitamins for global populations. It is essential
for the growth, repair, and maintenance of bodily
cells and facilitates daily physiological functions.
Minced meat is especially wvulnerable to
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compromising bacterial cell walls and obstructing
essential cellular functions [6]. Bee pollen, composed
of pollen grains combined with honeybee saliva and
nectar, is acknowledged for its abundant
phytochemical constituents, antioxidant capabilities,
and antibacterial effects. Bee pollen extracts exhibit
inhibitory actions against Gram-positive foodborne
pathogens, such as Staphylococcus species [7].
Beeswax, excreted by worker bees to construct
honeycomb  formations, is esteemed for its
hydrophobic and defensive characteristics. In the
food industry, it serves as a natural coating or
additive (E901) to safeguard products and prolong
shelf life. Shelf life is the period during which a food
product is safe for eating, maintaining adequate
microbiological, chemical, and sensory quality.
Transmission Electron Microscopy (TEM) can be
utilized to elucidate the mechanisms of antimicrobial
action, providing high-resolution images of bacterial
cell shape and structural changes [9]. This study
aimed to assess the antibacterial activity of propolis,
bee pollen, beeswax, and their combination against
multidrug-resistant S. aureus inoculation in raw
ground beef. The study also evaluated the impact of
these treatments on physicochemical and sensory
characteristics, shelf life, and bacterial cell
membrane integrity as observed using TEM.

Material and Method

Preparation of S. aureus bacterial strains

The S. aureus strain (ATCC 25923) was supplied
by the Reference Laboratory for Food Safety at the
Animal Health Research Institute (AHRI) in Dokki,
Egypt. The strain was preserved on tryptic soy agar
slants with 3% NaCl at 4°C. Prior to the experiment,
fresh microbial cultures were calibrated to 0.5
McFarland, approximately corresponding to 5 log 10
CFU/mlI.

Preparation of extracts:

Propolis, bee pollen and beeswax were brought as
powder from National Research Center in Cairo,

Egypt.

Preparation of Propolis, Bee pollen and Beeswax
[10]:

One hundred grams of powdered product
underwent alcoholic extraction with 400 milliliters of
70% ethanol. The mixture was stirred for 2 hours and
subsequently stored overnight at 4°C. Subsequently,
it was filtered using Whatman No. 2 filter paper with
a Buchner funnel. The filtrate was concentrated by
evaporating the ethanol using a rotary evaporator.
The crude ethanolic extract was preserved in dark
brown bottles under refrigeration for future use. The
experimental working concentration was established
according to the minimal inhibitory concentration
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(MIC), ensuring that it did not affect the sensory
attributes of the minced meat.

Antibiotic sensitivity test of S. aureus isolate:

The bacterial strain was evaluated in vitro for its
susceptibility to the following antimicrobial discs:
Penicillin (P) 10 mcg, Erythromycin (E) 15 mcg,
Flucloxacillin (FL) 5 mcg, Clindamycin (DA) 2 mcg,
Vancomycin (VA) 30 mcg, Linezolid (LNZ) 30 mcg,
and Cefotaxime (CTX) 30 mcg [11]. An inoculum
for each isolate was created by emulsifying colonies
from an overnight pure culture in sterile normal
saline, thereafter adjusting the suspension turbidity to
the 0.5 McFarland standard. The bacterial suspension
was evenly streaked on the dried surface of Mueller
Hinton agar plates using sterile cotton swabs and
allowed to rest for 3 minutes before the application
of antibiotic disks using sterile forceps. Plates were
incubated at 35 °C for 24 hours, and sensitivity was
assessed by measuring the widths of the inhibitory
zones in millimeters [12].

Determination of Minimum Inhibitory Concentration
(MIC) Using Microtiter Plate Method:

The Minimum Inhibitory Concentration (MIC) of
propolis, bee pollen, beeswax, and their combination
against S. aureus was assessed utilizing 96-well
microtiter plates. Each well of the microtiter plate
was filled with 100 pL of sterile nutritional broth.
Subsequently, 100 pL of either extract (100 mg/ml)
or the combination was introduced. A two-fold serial
dilution was performed across wells 1 to 10 to
establish a spectrum of concentrations for MIC
assessment. Following dilution, 100 pL of S. aureus
suspension (standardized to 5 log 10 CFU/mL) was
introduced into the wells. Well 11 served as the
positive control, comprising nutritional broth and
bacterial culture alone (without extract), whilst Well
12 functioned as the negative control, holding solely
sterile distilled water (absent of bacteria or extract).
The plates were incubated at 37°C for a duration of
24 hours. Bacterial proliferation was evaluated
visually using turbidity assessment. The MIC was
established as the minimal concentration of the
extract that exhibited no observable bacterial
proliferation [13].

Transmission Electron

observation

Microscopy  (TEM)

Samples were prepared for transmission electron
microscopy (TEM) following the methodology of
Glauert and Lewis, [14] with minor modifications.
Samples were initially fixed in 2.5% glutaraldehyde
formulated in 0.1 M phosphate buffer (pH 7.4) at
4°C for a duration of 2 hours. Subsequent to fixation,
the samples were washed thrice with phosphate-
buffered saline (PBS) for 10 minutes each. Post-
fixation was conducted using 1% osmium tetroxide
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in PBS for 30 minutes at ambient temperature. The
samples were subsequently rinsed in PBS three times
for 10 minutes each and dehydrated using a graded
ethanol series (30%, 50%, 70%, 90%, and 100%),
with each step lasting 30 minutes. Subsequent to
dehydration, the samples underwent treatment with
acetone for one hour to facilitate resin infiltration.
Embedding was performed utilizing Araldite 502
resin, succeeded by polymerization. Semi-thin slices
(0.5-1 um) were prepared with an LEICA Ultracut
UCT ultramicrotome and stained with 1% toluidine
blue to identify areas of interest using a light
microscope. Ultrathin slices (about 70 nm) were
subsequently prepared from designated areas, stained
in succession with uranyl acetate and lead citrate, and
examined utilizing a JEOL JEM-100SX transmission
electron microscope (JEOL Ltd., Tokyo, Japan) [15].

Preparation of meat Samples

Five kilograms of freshly ground beef were
procured from a butcher shop in Tanta City, Egypt,
and promptly transferred to the Animal Health
Research Institute, Tanta laboratory branch, in an
icebox under aseptic circumstances. The ground beef
was partitioned into ten equal segments of 500 grams
each. Each group was inoculated with 105 cfu/g (5
log10 CFU/g) of S. aureus suspension, excluding the
negative control group (G1) and sensory evaluation
groups (G7), (G8), (G9), and (G10). Subsequent to
inoculation, the meat was meticulously stirred for 3
minutes to guarantee uniform dissemination of the
germs. The groups were subsequently incubated at
room temperature (25°C) for 30 minutes to facilitate
bacterial  attachment and  adsorption  [16].
Subsequently, natural extracts were incorporated into
the designated treatment groups, excluding the
positive control group (G2). The experimental groups
were organized as detailed below: (G1) Negative
control: non-inoculated, untreated; (G2) Positive
control: inoculated with S. aureus, untreated. (G3)
Inoculated and treated with propolis extract at a
concentration of 50 mg/ml, (G4) inoculated and
treated with pollen extract at a concentration of 50
mg/ml, (G5) inoculated and treated with beeswax at a
concentration of 50 mg/ml, and (G6) inoculated and
treated with a mixture of propolis, pollen, and
beeswax extract (1:1:1) for a total of 50 mg/ml, (G7)
non-inoculated and treated with propolis extract at a
concentration of 50 mg/ml, (G8) non-inoculated and
treated with pollen extract at a concentration of 50
mg/ml, (G9) non-inoculated and treated with
beeswax at a concentration of 50 mg/ml, and (G10)
non-inoculated and treated with a mixture of
propolis, pollen , and beeswax extract (1:1:1) for a
total of 50 mg/ml. Each extract was meticulously
blended into the meat sample for three minutes to
guarantee uniformity. Following treatment, the
ground beef samples were placed in sterile

polyethylene bags, tagged, and refrigerated at 4°C
for further analysis. The groups were assessed on
days 0, 3, 5, 7, 9, and 11 of storage until spoiling,
during which several tests were performed, including
bacterial enumeration of S. aureus, physicochemical
analyses (pH, TVN, and TBA), and sensory
evaluation for (G1), (G7), (G8), (G9), and (G10).
Every experiment was conducted in triplicate.

Microbiological examination [17].

Ten grams from each tested group were deposited
in a stomacher bag with 90 mL of sterile 0.1%
peptone water (Merck, Germany) and homogenized.
Serial decimal dilutions of the homogenates were
conducted, and 0.1 mL of each sample was
inoculated onto the surface of Baird-Parker Agar
(BPA; Oxoid). The plates were incubated at 37 °C
for 24-48 hours to enumerate S. aureus in ground
meat, with results represented as log CFU/g.

Physiochemical analysis
Determination of pH [18]

Approximately 10 g of the material were blended
with 10 ml of neutralized distilled water in a blender.
The homogenate was maintained at ambient
temperature for 10 minutes with constant agitation.
The pH value was measured using an electrical pH
meter (Bye model 6020, USA). The pH meter was
calibrated using two buffer solutions with precisely
established pH values (alkaline pH 7.01 and acidic
pH 4.01). Consequently, the pH electrode was rinsed
with neutralized water and thereafter immersed in the
homogenate following the adjustment of the
temperature correction system.

Determination of Total Volatile Nitrogen (TVN) [19]:

In a clean distillation flask, 10 g of the test
samples were added to 300 ml of distilled water and
well stirred using a polytron probe. Subsequently, an
antifoaming agent and 2 grams of magnesium oxide
were included. To a 500 ml receiving flask, 25 ml of
2% boric acid and several drops of indicator were
introduced. The receiving flask was positioned so
that the receiver tube submerged beneath the boric
acid solution. The distillation flask was heated to
boiling within 10 minutes, maintained for 25
minutes, and then distilled for an additional 25
minutes. The titration of TVN in boric acid with 0.1
N H,SO, was documented. Consequently, TVA was
computed using the subsequent formula: TVN/I00g =
(ml H,SO, n 0.1 for sample — ml H,SO, n 0.1 for
Blank) x 14

Determination of Thiobarbituric Acid Number (TBA)
[20]

The assay relies on the quantification of
malonaldehyde (MDA) as a final result of lipid
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peroxidation. Oxidative rancidity is often quantified
using the TBA number, expressed in milligrams of
malonaldehyde equivalents per kilogram of the
materials. Oxidative degradation of unsaturated fatty
acids in meat results in the production of free
malonaldehyde, which subsequently forms a TBA-
malonaldehyde complex. Malonaldehyde production
can be quantified as a biomarker of lipid oxidation
and food quality. Consequently, 10 g of the prepared
meat group sample was placed in a distillation flask
and combined with 50 ml of distilled water, followed
by the addition of 2.5 ml of hydrochloric acid diluted
in 47.5 ml of water. Subsequently, tiny quantities of
antifoaming chemicals were incorporated. The
distillation flask was heated to distill 50 cc within 10
minutes of the onset of boiling. Subsequently, 5 ml
of a distilled solution was placed in a covered tube,
followed by the addition of 5 ml of prepared
thiobarbituric acid (which was formulated by
dissolving 0.2883 g of thiobarbituric acid in 90%
trichloroacetic acid and diluting to 100 ml). The tube
was sealed and placed in a water bath, boiled for 35
minutes, and subsequently cooled in water for 10
minutes. The sample's absorbance was measured
with a  spectrophotometer (UNICAM969AA
Spectronic, USA) at a wavelength of 538 nm. TBA
value = absorbance of sample x 7.8
(Malondialdehyde (mg) / Kg)

Sensory evaluation [21]

A sensory evaluation of control and treated
ground beef was conducted during refrigerated
storage on days 0, 3, 5, 7, 9, and 11 by a trained
panel of nine members (five females and four males,
aged 30 to 40 years). Panelists participated in 10
structured training sessions, each lasting one hour, to
improve their sensory sensitivity and familiarize
themselves with the evaluation procedure. Training
was deemed complete when individual scores varied
by no more than one unit from the mean score.
Randomly selected representative samples were
presented on porcelain plates. Each sample was
assessed in triplicate for color, odor, appearance, and
consistency to guarantee statistical reliability, on a
five-point scale (5 = very good, 4 = good, 3 =
acceptable, 2 = unsatisfactory, 1 = bad).

Statistical Analysis [22]

The data underwent analyzed by one-way
ANOVA, with results shown as means accompanied
by their respective standard deviations (SD).
Duncan’s multiple range tests were utilized to
discern significant differences between treatment
groups at a significance level of P < 0.05.

Results

Antibiotic sensitivity test
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Table 1 displays the outcomes of the antibiotic
susceptibility assay, indicating that the strain
exhibited resistance to penicillin, flucloxacillin,
clindamycin, and cefotaxime.

Minimum Inhibitory Concentration (MIC)

Table (2) presents the results of the Minimum
Inhibitory Concentration (MIC). The combination of
bee products and propolis exhibited the most
significant antibacterial efficacy against S. aureus,
with inhibition detected at doses as low as 6.25
mg/mL and 12.5 mg/mL, respectively. Pollen and
wax demonstrated negligible antibacterial action,
with inhibition observed solely at 25 mg/mL. The
amalgamation of all three extracts exhibited superior
potency relative to pollen and wax alone, indicating
possible synergistic effects.

Impact of bee products on S. aureus populations

Table (3) assesses the impact of propolis, pollen,
beeswax, and their combination on S. aureus levels
in intentionally infected minced beef refrigerated at
4=£1°C for 11 days. On day 0, all treatment groups
(G3-G6) and the positive control (G2) had
comparable bacterial counts, whereas the negative
control (G1) demonstrated no growth. By day 3,
bacterial proliferation markedly escalated in the
positive control (5.37 log 10 CFU/g), while both
treated groups had decreased counts, with the
mixture (G6) demonstrating the most substantial
reduction (3.35 log 10 CFU/g). By the fifth day, the
positive control was entirely compromised. The
combo remained the most efficacious treatment,
demonstrating markedly reduced bacterial counts
compared to the individual components. By the
seventh day, the negative control deteriorated. G6
exhibited total suppression of S. aureus, whilst other
treatments retained measurable bacterial numbers.
By day 9, deterioration was noted in the beeswax
group (G5). Only propolis (G3) and the mixture (G6)
exhibited no detectable bacterial proliferation. By
day 11, G3 and G6 were the sole treatments
exhibiting full inhibition of S. aureus, hence
affirming their superior and sustained antibacterial
efficacy.

Physicochemical properties

pH measurements

Table (4) illustrates the effect of several bee
products on the pH of S. aureus-contaminated
minced beef preserved at 4+1°C for 11 days.
Initially, all samples exhibited comparable pH values
between 5.62 and 5.67. Spoilage was observed in the
positive control (G2) by day 5 and in the negative
control (G1) by day 7, as evidenced by pH rises.
Conversely, the combination (G6) and propolis (G3)
exhibited the lowest pH values during storage,
concluding at 5.94 and 6.06, respectively, indicating
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superior preservation. Bee pollen (G4) and beeswax
(G5) exhibited mild effects. By day 9, G5 (beeswax)
surpassed the spoiling pH threshold (>7.0). By day
11, only G3 and G6 sustained pH.

Thiobarbituric Acid (TBA) values

Table (5) illustrates the effect of several bee
products on lipid oxidation, quantified by
Thiobarbituric Acid (TBA) values, in S. aureus-
contaminated minced beef during 11 days of
refrigeration. All samples commenced with modest
TBA values (about 0.07-0.08 mg MDA/kg). Among
the treated groups, G3 (propolis) and G6
(combination) exhibited the most potent antioxidant
activity, sustaining TBA values beneath the spoilage
threshold even on day 11 (0.92 and 0.83 mg
MDA/Kg, respectively). G4 (pollen) demonstrated
moderate efficacy, with values attaining 0.88 mg
MDA/kg by day 9 and surpassing the threshold by
day 11. G5 (beeswax) exhibited minimal antioxidant
protection and indications of deterioration by day 9.

Total Volatile Nitrogen (TVN) values

TVN is considered as an indicative of protein
deterioration, are displayed in Table 6, illustrating
the impact of bee products over 11 days of
refrigerated storage. At the outset, all samples
exhibited low total volatile nitrogen (TVN) values
(1.87-1.93 mg/100 @), indicative of fresh meat
quality. The treated groups (G3 to G6) demonstrated
markedly reduced increases in TVN. G6 (mixture)
consistently remained beneath the spoiling threshold
during the testing, demonstrating significant
preservative efficacy. G3 (propolis) also significantly
inhibited rotting. G4 (pollen) had moderate efficacy,
while G5 (beeswax) showed the least effectiveness in
regulating TVN levels.

Evaluation of sensory attributes

Fig 1 assessed the effects of beeswax, pollen,
propolis, and their combination on the sensory
attributes and shelf life of S. aureus-contaminated
minced beef under refrigeration.  Sensory
characteristics such as hue, fragrance, visual aspect,
texture, and general appeal were evaluated utilizing a
5-point scale. The control group (G1) deteriorated
rapidly, becoming unfit for use by day 5. Beeswax
(G9) and pollen (G8) substantially prolonged shelf
life to 9 and 11 days, respectively, exhibiting
acceptable, albeit diminishing, sensory quality.
Propolis (G7) exhibited marginally superior
performance,  sustaining  satisfactory  sensory
evaluations until day 11. The G10 mixture proved to
be the most efficacious treatment, maintaining
superior sensory quality throughout the storage
duration and postponing deterioration beyond day 11,
so more than doubling the shelf life in comparison to
the controls.

Transmission Electron Microscopy (TEM)

Fig. (2) depicts the effect of propolis, pollen,
beeswax, and their combination on the ultrastructure
of S. aureus cells as examined via transmission
electron  microscopy (TEM). The findings
demonstrated considerable variability in the extent of
bacterial cell wall damage among the treatments.
The combination of all three bee products (Fig. E)
resulted in the most significant structural damage,
encompassing total disintegration of the bacterial cell
wall and considerable release of cytoplasmic
contents, signifying potent antibacterial activity.
Propolis alone (Fig. B) had a marginally less severe

yet still significant effect, characterized by
observable cell ~wall  breakdown, cellular
deformation, and cytoplasmic leakage.

Beeswax (Fig. C) and pollen (Fig. D) induced
significant, albeit less severe, morphological
alterations, including cellular shrinkage and partial
depletion of internal components.
Conversely, the control group (Fig. A) exhibited
intact bacterial cells with well-preserved cytoplasmic
and membrane features, signifying the absence of
damage.

Discussion

Meat products are vulnerable to infection by
foodborne microorganisms, including S. aureus. This
bacterium produces enterotoxins, which cause
foodborne diseases and pose a significant public
health issue (Pérez-Boto et al. [2]). Our findings
align with those of Sharma et al. [23], demonstrating
that this strain is multidrug-resistant (MDR) and
presents a challenge for treatment with standard
antibiotics. antibacterial resistance is regarded as a
global concern, necessitating the development of
natural antibacterial compounds. The findings
suggest that propolis is probably the principal active
ingredient accountable for the demonstrated
antimicrobial efficacy and highlight its potential as a
natural antibacterial agent, while its combination
with other bee products may provide formulation
advantages. The results surpassed those of Ambi et
al. [26], who showed that Russian propolis ethanol
extract (RPEE) effectively induced cell lysis and
compromised bacterial membranes within mature
biofilms at significantly lower doses of about 2-4
pg/mL. Lu et al. [27] similarly observed that
Taiwanese propolis demonstrated potent antibacterial
activity against S. aureus, with MIC values between
less than 3.75 pg/mL and 60 pg/mL. Ikejiofor et al.
[28] determined that the MIC values for pollen and
wax were elevated, at 125 pg/mL. Additional studies
identified comparatively elevated anti-staphylococcal
activity in propolis from Turkey, Oman, and Ireland,
with minimum inhibitory concentrations (MICs) of 8,
42, and 80 pg/mL, respectively [29-31]. Conversely,
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Chilean propolis exhibited significantly diminished
efficacy against S. aureus, with MIC values between
200 and 26,900 pg/mL. These comparisons
underscore the impact of geographic origins, plant
sources, and botanical characteristics on its
antibacterial ~ properties  [32]. The  results
unequivocally indicate that propolis and its
combination with other apicultural products are
highly efficacious in diminishing S. aureus
populations in contaminated minced beef during
refrigeration. The mixture (G6) consistently
exhibited the most significant antibacterial effect,
presumably due to synergistic interactions among its
constituents. The findings corroborate prior research
indicating that ethanolic extract of propolis (EEP)
significantly diminishes S. aureus levels in fish
products, especially at doses of 1% and above.
Moreover, other researches [34, 35] documented
analogous  antibacterial  properties of EEP.
Nevertheless, certain studies [36] saw no significant
reduction in bacteria, underscoring heterogeneity
presumably because to disparities in propolis
composition, concentration, and bacterial strains.
EEP exhibits both bacteriostatic and bactericidal
characteristics, influenced by various variables.
Additionally, Al-Waili [32] and Fratini et al. [33]
discovered that beeswax exhibited little effects on S.
aureus, demonstrating only slight to moderate
suppression. Limited studies have shown that
beeswax possesses antibacterial properties against
some infections, including S. aureus [33].
Subsequent research emphasized the synergistic
antibacterial efficacy of propolis and beeswax,
revealing that their combined effects surpassed those
of each component individually. The combination
successfully suppressed the proliferation of S. aureus
[37]. The pH level of meat is a crucial determinant of
its freshness and microbiological stability. Fresh
minced beef generally exhibits a pH range of 5.5 to
5.8, with rising pH levels over time indicating
deterioration resulting from protein degradation and
microbial proliferation [38]. Furthermore, bee-
derived products, particularly propolis and its mixes,
efficiently regulated the pH of S. aureus-
contaminated minced meat throughout storage,
signifying maintained quality. This impact was
ascribed to the antibacterial characteristics of
propolis, which suppressed rotting microbes. These
results are corroborated by earlier research [39, 40]
indicating that propolis-treated beef products
exhibited reduced pH levels and prolonged shelf life
relative to untreated samples. Lipid oxidation,
quantified by TBA, significantly contributes to
quality degradation in preserved meat. Propolis (G3)
and the mixture (G6) markedly inhibited lipid
oxidation, maintaining TBA readings beneath the
spoiling threshold (0.9 mg MDA/kg) [41], even on
day 11. The antioxidant benefits are ascribed to the
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elevated levels of flavonoids and phenolic chemicals
in propolis, which are recognized for their ability to
scavenge free radicals [40, 42]. Pollen (G4) had
modest antioxidant activity, presumably attributable
to its carotenoids and phenolic compounds, whereas
beeswax (G5) shown the least efficacy. These
findings corroborate earlier research [43] illustrating
the antioxidant capabilities of bee-derived
compounds, especially propolis. Total Volatile
Nitrogen (TVN) is acknowledged as a dependable
indicator for evaluating protein degradation in meat,
with increasing values signifying microbiological
and enzymatic deterioration [44]. In fresh meat, low
total volatile nitrogen (TVN) contents indicate high
quality, but elevated levels denote spoilage. As per
EQOS [41]. The control groups (G1, G2) deteriorated
swiftly, whereas propolis (G3) and the mixture (G6)
markedly postponed spoiling. G6 consistently kept
TVN levels beneath the spoiling threshold during the
trial, indicating a synergistic effect when propolis is
mixed with bee pollen and beeswax. The results align
with previous research [40, 45, 46] that validated the
efficacy of bee products, particularly propolis, as
natural meat preservatives. The synergistic effect
seen in the mixing group further substantiates the
application of blended bee products to improve
preservation and prolong shelf life during
refrigeration. The sensory evaluation results validate
the enhanced preservation efficacy of bee-derived
compounds, especially when utilized in combination.
The mixture (G10) regularly exhibited superior
sensory quality and prolonged shelf life beyond day
11, markedly surpassing individual treatments. These
findings align with prior studies [47-49], which
indicated that bee products enhance the sensory
qualities and shelf life of processed meat products.
Propolis exhibited significant antibacterial and
antioxidant capabilities, enhancing its capacity to
maintain meat quality. Pollen and beeswax enhanced
sensory characteristics, albeit to a lesser degree,
indicating their auxiliary role in preservation when
utilized together. Transmission Electron Microscopy
(TEM) investigations revealed clear evidence of
bacterial cell damage caused by bee products. The
combined treatment resulted in the most significant
structural disturbance, perhaps owing to the
synergistic effects of its bioactive constituents. The
detected cytoplasmic leakage and complete cell wall
collapse indicate mechanisms include electron
transport chain disruption, oxidative phosphorylation
interference, and compromised food uptake perhaps
attributed to free fatty acid levels [25, 50]. Propolis
alone caused considerable cell wall destruction,
likely due to the presence of chrysin, a flavonoid
recognized for its ability to break bacterial
membranes and cell walls [51]. Mirzoeva et al. [52]
indicated that propolis compromises the bacterial
cytoplasmic membrane, diminishing its functional
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integrity and resulting in cell death. This
corroborates the present study's finding that propolis
alone induced substantial cell wall disruption and
cytoplasmic leakage in S. aureus. Furthermore, the
findings indicate that pollen and wax exert mild to
moderate influences on bacterial morphology.
aligning with prior studies. Pascoal et al. [53]
emphasized that the polyphenolic content of bee
pollen is the primary factor responsible for its
antibacterial effect. Beeswax has demonstrated
antimicrobial properties, presumably attributed to its
small bioactive lipid constituents [33]. The untreated
control group displayed intact cellular structures,
supporting the assertion that bee-derived compounds,
particularly in combination, demonstrate potent
antibacterial actions at the cellular level. These
findings endorse the utilization of bee products as
natural antibacterial agents and further validate their
contribution to enhancing food safety and shelf life.

Conclusion

This study revealed that honeybee-derived
products, especially propolis and its combination
with other bee products (pollen and beeswax), have
substantial antibacterial efficacy against drug-

resistant S. aureus in raw ground beef. Of the
treatments evaluated, the mixture demonstrated the
most potent inhibitory effect, entirely eradicating
bacterial growth by day 7 and prolonging the meat's
shelf life for up to 11 days under refrigeration.
Propolis had significant bactericidal characteristics,
whereas bee pollen and beeswax demonstrated
modest effects. These treatments enhanced the
physicochemical and sensory attributes of the beef,
postponing deterioration signs including odor and
discolouration.  Electron microscopy validated
significant bacterial cell damage in samples treated
with propolis and mixtures, corroborating their
antibacterial effectiveness.
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TABLE 1. In vitro antimicrobial sensitivity testing of S. aureus isolates

Antibacterial disc Code Concentration Senstivity
Penicillin P 10mcg R
Erythromycin E 15mcg S
Fluxacillin FL 5mcg R
Clindamycin DA 2mcg R
Vancomycin VA 30mcg S
Linezolid LNz 30mcg S
Cefotaxime CTX 30mcg R
N.B: R (Resistance) , S ( Sensitive)
TABLE 2. Minimum Inhibitory Concentrations MIC (mg/mL) of bee products on  S.aureus.
Cocentration 50 25 12,5 6.25 3.125 1.56
groups
Proplies - - - + + +
Wax - - + + + +
Pollen - - + + + +
Mixure - - - - + +

N.B : - No Growth (clear), + Growth (turbid)
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TABLE 3. Effect of bee products (propolis, pollen, beeswax and their mixture) on the count of S. aureus (log10
CFU/g) experimentally inoculated to ground beef samples.

Groups Gl G2 G3 G4 G5 G6

Storage

period

0 day free 4.85+0.1° 477 +0.1° 4.82+0.08° 4.82+0.17 475+0.1%
3" day free 5.37 £0.2° 431£0.1° 4.33+0.1° 4,55+ 0.05° 3.35 +0.07°
51 day free spoiled 3.24+0.1° 3.52+0.1° 4.32 £0.07° 2.32 +0.09°
7" day spoiled Spoiled 2.15+0.1c 3.31+0.1° 3.44+ 0.3 No growth
ot day spoiled Spoiled No growth 3.14+ 0.09 Spoiled No growth
11" day spoiled Spoiled No growth Spoiled Spoiled No growth

N.B : Different alphabetical letters within the same raw mean significant using ANOVA at p-value < 0.05.
(G1) negative control, (G2) positive control, (G3) propolis, (G4) pollen, (G5) bee wax and (G6) mixture.

TABLE 4. Effect of bee products (propolis, pollen, beeswax and their mixture) on pH of experimentally inoculated
ground beef samples with S. aureus.

Groups G1 G2 G3 G4 G5 G6
Storage
period
0 day 5.67+ 0.46° 5.67+ 0.46° 5.63+0.48° 5.63+0.48" 5.64+0.25" 5.62+0.32°
3" day 6.20+0.22° 6.29+0.322 5.72+0.29°¢ 5.84+0.15° 5.86+0.11° 5.71+0.26 ¢
51 day 6.46+0.47° spoiled 5.96+ 0.26 ¢ 6.12+0.17° 6.18+0.21° 5.83+ +0.16°
7" day spoiled Spoiled 6.06+ 0.15° 6.19+ 0.22° 6.28+ 0.312 5.94+ 0.05°
o day spoiled Spoiled 6.32+0.32° 6.52+ 0.33° Spoiled 6.13+0.16°¢
11" day spoiled Spoiled 6.57+0.33% Spoiled Spoiled 6.36+ 0.49°

Different alphabetical letters within the same raw mean significant using ANOVA at p-value < 0.05.

TABLE 5. Effect of bee products (propolis, pollen, beeswax and their mixture) on TBA (mg MDA/Kg) level of

experimentally inoculated ground beef samples with S. aureus
Groups G1 G2 G3 G4 G5 G6

Storage
period
0% day 0.08+0.01° 0.08+0.01° 0.07+0.01° 0.08+0.01° 0.08+0.01*°  0.07+0.01°
3" day 0.54+ 0.01° 0.61+ 0.01° 0.19+0.01° 0.21 £0.01° 0.25+0.01°  0.16+0.02°
51 day 0.82+0.022 spoiled 0.32+0.02¢ 0.38+0.01° 0.43+0.03"  0.22+0.02¢
7" day spoiled spoiled 0.47+0.02° 0.54+ 0.03° 0.62+0.02°  0.34+0.04¢
o' day spoiled spoiled 0.77+0.02° 0.88+0.02° Spoiled 0.65+ 0.07°
11" day spoiled spoiled 0.92+0.02° Spoiled Spoiled 0.83+0.03°

Different alphabetical letters within the same raw mean significant using ANOVA at p-value < 0.05

TABLE 6. Effect of bee products (propolis, pollen, beeswax and their mixture) on TVN (mg/100 g) level of

experimentally inoculated ground beef samples with S. aureus.

Groups Gl G2 G3 G4 G5 G6
Storage
period
0 day 1.93+0.33° 1.96£0.37°  1.87+0.14°  1.88+0.34 1.89+0.36° 1.87+0.21°
3" day 1244 +025%  12.52+4052%  4.95+0.16°  5.10+0.19° 5.23+0.31° 479+ 0.28°
51 day 19.32 +0.35% Spoiled 9.34+0.61¢  9.59+0.62° 9.80 +0.75 8.94+0.11°
7" day spoiled Spoiled 13.22+0.35° 14.60+056°  14.84+0.62°  12.80+0.21°
o' day spoiled Spoiled 17.95+.0.1°% 19.22+0.39"° Spoiled 16.78+0.33"
11" day spoiled Spoiled 20.34+0.48% Spoiled Spoiled 18.86+0.25°"

Different alphabetical letters within the same raw mean significant using ANOVA at p-value < 0.05.
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Appearance
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Bacterial cell wall integrity rate (%) 22

Fig. 2. Transmission electron microscopy (TEM) images of bee products effects on S. aureus bacterial cells (A)
Untreated control cells, (B) Propolis-treated cells, (C) Beeswax-treated cells, (D) Pollen-treated cells, (E) mixture
of bee products, and (F) Bar graph for the effects of the bee products on S. aureus bacterial cell wall integrity (%6)
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