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Abstract

Salmonella typhimurium and Staphylococcus aureus are two examples of pathogenic bacteria that
contaminate food and release enterotoxins. One way to get around this is to use biological agents as
antibacterials. Including phenolic chemicals, banana peels are a promising source of natural bioactive
substances. The extraction with ethanol gave a higher yield of extraction with a total phenol content of
2.98mg followed by methanol. The chromatogram of HPLC revealed that the ethanol extract of banana peel
had substantial levels of phenolic compounds such as caffeic acid, catechin, cinnamic acid, and ferulic acid.
The most prevalent foodborne pathogens in hamburger meat and fish were S. aureus and S. typhimurium.
S. aureus isolates were more resistant to ciprofloxacin than S. typhimurium. On the other hand, the phenolic
compounds showed a high level of activity against all foodborne pathogens. So that these active phenolic
compounds have promising applications as antibacterial agents against the increasing infections caused by
foodborne S. aureus and S. typhimurium.
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INTRODUCTION numerous diseases all over the world is
Staphylococcus aureus. It may grow at
temperatures between 15 and 45 degrees
Celsius and at up to 15% NaCl concentrations
(4). At room temperature, this bacterium grows
rapidly and produces harmful toxins
Escherichia coli, Staphylococcus aureus, and
Salmonella sp. isolated from commonly
consumed items (raw chicken, raw beef, and
fish) in Lebanon have been tested for heat
resistance (5). Salmonella spp. and S. aureus,
which can cause severe foodborne infections in
humans, are highly prevalent in chicken, beef,
pork, and fish samples (2, 6).

A foodborne disease outbreak is
characterized by an instance in which two or
more people contract the same ailment after
consuming a common meal (1). These illnesses
include a wide variety of agents, and as new
agents are discovered each year, their number
keeps growing (2). Diseases that are spread
through food are thought to be caused by
pathogens including, Staphylococcus aureus,
Salmonella sp., Escherichia coli, Bacillus
cereus, Clostridium perfringens,
Campylobacter, Vibrio parahaemolyticus, and
Listeria monocytogenes, are just a few
examples (2). Accessible, simple to extract or
synthesize, and effective new antimicrobial
medicines are required, but they must also be
long-lasting by preventing the spread of
horizontal gene transfer and antibiotic
resistance in S. aureus or other bacteria (7).

Numerous diseases have recently been
in charge of ensuring food safety. One of the
most common foodborne pathogens in fresh
and ready-to-eat foods and the cause of
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Plants and their byproducts are major potential
sources of novel antimicrobials due to their
availability, chemical variety, and complicated
chemical makeup (8, 9). Extracts derived from
diverse plant sources have been shown to
include a wide range of bioactive organic small
molecules with antibacterial properties,
particularly polyphenols. These polyphenols
are frequently ingested along with foods
including cereals, vegetables, herbs, and fruits
that contain them (10). Therefore, the purpose
of this study is to identify and isolate foodborne
pathogens while also extracting, identifying,
and employing phenolic chemicals as
antibacterial agents from banana peels.

MATERIALS AND METHODS
Preparation of banana peel powder

Ripe bananas were brought in from
nearby marketplaces. In a hot air oven, the
banana peels were divided into small pieces and
dried for 48 hours at 50°C. The dried materials
were ground into a powder using a blender and
stored for later use in a vacuum aluminum bag
at 4°C.

Detection of extraction yield

Five gm of the powdered materials were
extracted using a microwave and acetone,
methanol, ethanol, and hexane. There were 10,
20, and 30-minute extraction times. The filter
paper was used to filter the solutions, which
contained extracts and solvents. At 40, 50, and
60°C, a rotary evaporator was used to evaporate
the solvents. The dried extract was precisely
weighed, and the extract yield was calculated
as (10): Extraction vyield (%)=(gm of
extract/gm of the dried sample)*100

Determination of Total Phenolic

By using the Folin-Ciocalteu micro-
method, the total phenolic content of each

extract was determined (10). A portion of the
extract solution (20 liters) was mixed with 1.16
milliliters of distilled water, 100 milliliters of
the Folin-Ciocalteu reagent, and 300 milliliters
of 20 % Na2CO3 solution. After 30 minutes of
shaking incubation at 40°C, the mixture's
absorbance at 760 nm was measured. The
calibration curve's standard was gallic acid.
Based on the calibration curve, as gallic acid
equivalent (GAE), the total phenolic content
was calculated using the following linear
equation: A=0.98C+9.925x 10-3, where A is
the absorbance and C is the concentration.

Identification of phenolic compounds by HPLC

HPLC was used to identify phenolic
chemicals in the acetone extract of banana
peels. The  ZORBAX-EclipseXDB-C18
column (4.6250 mm, particle size 5 m) was
used for the chromatographic separations. The
mobile phase, which was 0.5% acetic acid in
distilled water with a pH of 2.65, was utilized
at a constant flow rate of 1 ml/min. Utilizing a
UV detector with a wavelength set at 280 nm,
the elution gradient was linear with the elution
buffer. By comparing the relative retention
periods of the phenolic compounds in banana
peel extract to those in the standard mixture
chromatogram, the compounds' identities were
determined.

Food poisoning bacteria Isolation

From supermarkets, 10 samples each of
hamburger meat and fish were gathered. From
these types, small sections were homogenized,
suspended in ordinary saline, and then grown
on MacConkey's agar and blood agar.
Following the incubation period, the colonies
were identified based on their morphological
and cultural traits. The diagnosis was verified
using the VITEK2 compact.
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The efficiency of phenolic compounds as an
antibacterial agent against  food-borne
pathogens

The microdilution assay in microplates
was used to investigate the effect of phenolic
compounds and ciprofloxacin on food-borne
pathogens by calculating the MIC for phenolic
compounds and ciprofloxacin as follows (11):
Using the 0.5 McFarland turbidity standard, a
bacterial inoculum of an overnight-growing
culture was created. 80 ml of various quantities
of phenolic compounds (1-1024 pg/ml) or
ciprofloxacin (1-1024 pg/ml) were added to
each well along with 100 ml of Mueller-Hinton
broth, 20ml of microbial inoculum, and 80 ml
of Mueller-Hinton broth. The microtiter plates
were incubated for 24 hours at 37°C. The
minimum inhibitory concentration (MIC) was
determined at which the organism's visible
growth was inhibited.

RESULTS AND DISCUSSION
Detection of extraction yield

The impacts of the extraction settings
for the microwave extraction yield are shown
in Figure (1). As the temperature and time
increased, the vyield percentage rose. The
maximum vyield for the vacuum microwave
method for extracting banana peels was
17.30% when the conditions were at 60°C for
30 minutes, and the lowest yield was 4.12%
when the conditions were at 40°C for 10
minutes.

When using vacuum microwave and
ultrasonic-assisted extraction techniques, the
circumstances that used the greatest
temperature and the longest duration produced
the maximum vyields of banana peels and
cinnamon barks (10). Shorter extraction times
caused by higher extraction temperatures are

advantageous for extraction and result in
increased phenolic contents (12).

Figure 1: Effect of temperature and time on
extraction yield
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Determination of total phenolic

Because of its higher polarity and
superior  phenolic component solubility,
ethanol outperformed the other solvents in the
extraction of phenolic compounds according to
figure (2), ethanol, followed by methanol and
acetone with respective values of 2.98 and 1.55
mg, and hexane with a lower extraction level of
0.19 mg, was the best solvent for extracting
phenolic chemicals (2). In comparison to the
higher-polarity solvents, the lower-polarity
solvents, in particular hexane, petroleum ether,
and diethyl ether, had a significantly lesser
ability to extract phenolic chemicals (13). The
phenolic content of banana peel varied from
18.21 mg gallic acid/g extract to 35.06 mg
gallic acid/g extract with the ultrasonic
technique at 60°C and 30 min. yielding the
highest result (10).
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Figure 2: Detection of total phenolic content
by using different extraction solvents

hexane

methanol

Solvent

0 05 1 15 2 25 3
Total phenol content(mg)

Identification of phenolic compounds by HPLC

In comparison to the commonly used
standard phenolic chemicals such as caffeic
acid, catechin, cinnamic acid, chrysin, and
ferulic acid, data in figure (3- a and b) showed
that the ethanol extract of banana peel had
substantial levels of caffeic acid, catechin,
cinnamic acid, and ferulic acid. The type of
solvent and the various amounts utilized had a
significant impact on the phenolic and
flavonoid levels. (14). other authors observed
that the solvent polarity had a significant
impact on the extraction yield of phenols.
Additionally, the HPLC-UV approach
identified ferulic acid as the main insoluble
phenolic acid in banana extracts (15). As
opposed to this, the HPLC/DAD analysis of the
phenolic composition revealed that gallic acid,
caffeic acid, ellagic acid, rutin, isoquercitrin,
and quercetin in unripe plantain (16).

Figure 3: HPLC analysis for (A) standard
phenolic  compounds, (B) phenolic
compounds extracted from banana peels

3 — 1.Caffiec acid; 2:Catechin ; 3:Cinnamic acid; 4:Chyrsin; 5: Ferulic acid

absorbancy units

5 o 15 20 25 30 35 40
retention time(min)

25 — 1:Caffiec acid; 2:Catechin ; 3:Cinnamic acid; 4:;Ferulic adid

absorbancy units

o

10 30 35 40

15 20 25
retention time(min)

Eos'
Food poisoning bacteria Isolation

There were 6 isolates of S. aureus after
cultured hamburger meat on adequate culture
media, including 2 isolates from hamburger
meat and 4 from fish. In contrast, 2 isolates
from hamburger meat and 3 isolates from fish
made up the 5 isolates of S. typhimurium.

Salmonella spp. is one of the most
common foodborne pathogens in fresh meat in
Southeast Asia (17). Because of the probability
of increased moisture and wetness on handling
equipment, Salmonella spp. infection of meat
was more common during the rainy season
(18).

The greater frequency of S. aureus
contamination during the dry season might be
attributable to the high levels of moisture and
temperature in wet markets, which promote
pathogen development in meat (19). S. aureus
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was blamed for causing gastroenteritis. These
occurrences were caused by poor handwashing
and personal hygiene habits, as well as
contamination from other raw animal products
(20).

The efficiency of phenolic compounds as an
antibacterial  agent against  food-borne
pathogens

The minimum inhibitory concentration
for phenolic compounds and ciprofloxacin
against S. aureus and S. typhimurium food-
borne pathogens in microtiter plates revealed
that S. aureus isolates were more resistant to
ciprofloxacin than S. typhimurium. On the
other hand, the phenolic compounds showed
high levels of activity against all foodborne
pathogens, especially towards S. aureus
isolates with MICs reached to 16-64ug/ml
followed by 32-128 pg/ml for S. typhimurium
isolates (figure 4).

Figure 4: Minimum inhibitory
concentrations for phenolic compounds and
chosen antibiotic against foodborne
pathogens
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MDR S. aureus is being isolated from food
products and implicated in food poisoning
outbreaks more frequently these days. In this

study, S. aureus had a higher level of resistance
than other food pathogens like Salmonella (21).
Further in-depth investigations of phenolic acid
exposure have been linked to decreased
metabolic activity, suppression of enzyme
function, and cell membrane damage in Gram-
negative bacteria (22). Even though they could
all be factors in cell death, there has been a
pattern of outer membrane damage that calls for
additional research because Gram-negative
bacteria’'s outer membrane is critical for
survival in severe environments and drug
resistance (23).

CONCLUSION

Ethanol extract gave a higher yield with
a total phenol content of 2.98mg followed by
methanol. The ethanol extract of banana peel
had substantial levels of phenolic compounds
such as caffeic acid, catechin, cinnamic acid,
and ferulic acid. The phenolic compounds
showed a high level of activity against all
foodborne pathogens. So that these active
phenolic  compounds have  promising
applications as antibacterial agents against the
increasing infections caused by foodborne S.
aureus and S. typhimurium.
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