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Abstract: Control of bacterial growth in food is essential to maintaining food quality and safety.
The use of food additives is one answer raised to address this problem. However, some synthetic
antimicrobial additives pose minor to serious health risks to consumers. Natural antimicrobial
additives are potential alternatives to synthetic additives that can control microbial growth without
significant health risks. This study evaluated the bacteriostatic effect of rosemary essential oil
(REO) and oregano essential oil (OEO) against E. coli ATCC 9637, a non-pathogenic surrogate of
Salmonella spp. in culture and in raw chicken breast. Final concentrations of 1.5% REO and 0.15%
OEO were added to cultures of E. coli ATCC 9637, and the growth rate was evaluated. Raw chicken
breast pieces were dipped in E. coli ATCC 9637 cultures prior to being dipped in 1.5% REO and 0.15%
OEO. The chicken samples were then taken at two-day intervals, and the growth of E. coli ATCC 9637
was analyzed. No growth was observed in the cultures after a 24 h incubation period. The chicken
samples treated with 1.5% REO resulted in a 0.69 log reduction compared to the positive control,
while those treated with 0.15% OEO resulted in a 0.31 log reduction (p < 0.05). This shows that REO
and OEO are effective against E. coli ATCC 9637 and have promise as natural antimicrobial agents.

Keywords: bacteriostatic; food safety; food additive; essential oils; raw chicken

1. Introduction

Bacterial growth in meat products is a major concern in the food and meat industry
because it can lead to spoilage and foodborne illnesses in consumers [1,2]. This affects the
taste, texture, aroma, and overall quality of the meat product. Moreover, it poses a safety
concern to buyers and consumers [2]. Controlling bacterial growth in meat products is thus
an essential process in maintaining food quality and safety.

Salmonella is a common pathogenic bacteria associated with meat products [1].
Salmonella is a Gram-negative rod-shaped bacterium that can cause salmonellosis, of which
typhoid fever and enterocolitis are the most common outcomes [1]. Human salmonellosis
commonly stems from contaminated egg products, poultry, and pork meats. Salmonellosis
symptoms include fever, diarrhea, abdominal pain, nausea, and may result in severe dehy-
dration, death, and chronic sequelae such as arthritis [1]. Salmonellosis cases increased by
four thousand between 2022 and 2023 in the Philippines [3]. An investigation of nine wet
markets in Metro Manila found that 57.64% out of 720 meat samples were contaminated
with Salmonella [4]. The Centers for Disease Control and Prevention [5] also estimate that
salmonellosis is responsible for around 26,500 hospitalizations and 420 deaths in the USA
annually. Due to the danger these microorganisms present, other non-pathogenic microor-
ganisms with similar responses to stimuli may be used in research studies. These surrogate
microorganisms allow for less risk for researchers and their facilities while still allowing
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for valid and useful results [6]. Some surrogates for Salmonella include E. coli ATCC 9637,
NRRL B-3054 and E. coli ATCC 11775, ATCC 25253, and ATCC 25922 [7].

Another potential method to control bacterial growth is the use of food additives. Food
additives refer to substances that are not normally consumed as food or as an ingredient in
food, which are intentionally added to food in order to control its properties and quality
and are then expected to become a component of the food or affect its characteristics [8].
These include antimicrobial agents, which may be natural or synthetic, that mitigate
the growth of microorganisms. Synthetic additives are artificially made, while natural
additives are obtained and extracted from flora, fauna, and microorganisms. However,
synthetic additives have been linked to derivatives that cause negative effects on human
health. For example, nitrates and nitrites are known to be involved in the formation of
carcinogenic nitrosamines but are still used, as they are considered the only food additive
that can inhibit the development of the botulinum toxin, which causes botulism [9]. Some
synthetic colorants have also been found to have genotoxic and cytotoxic effects [10]. Due
to this reason, natural alternatives are sought after [11,12]. These have been shown to
have a negative effect on various intrinsically present microorganisms in meat [11,13-15].
Rosemary (Rosmarinus officinalis) and oregano (Origanum vulgare) essential oils are common
natural antimicrobial agents that have been found to inhibit the growth of bacteria in
meat products [16-18]. The antimicrobial activity of rosemary extract comes from terpene
derivatives and 1,8-cineole, while that of oregano extract comes from carvacrol, thymol,
y-terpinene, and p-cymene [16-22]. Natural antimicrobial agents may help satisfy the
increasing demand to replace the synthetic antimicrobial compounds used in food [11].

The addition of natural preservatives can inhibit bacterial growth. This study aims to
evaluate the bacteriostatic effect of rosemary essential oil (REO) and oregano essential oil
(OEO) in inhibiting the growth of meat-associated bacteria. Specifically, this study aims
to observe the effect of selected concentrations of REO and OEO in inhibiting the growth
of a Salmonella surrogate (E. coli ATCC 9637) in (1) culture media and (2) raw chicken
stored at 4 °C. This research is limited in that only surrogates are used to represent the
pathogenic microorganisms.

2. Materials and Methods
2.1. Material

Rosemary (Rosmarinus officinalis) and oregano (Origanum vulgare) essential oils were
procured from a local chemical wholesaler (Asteria Apothecary, Pasig City, Philippines).
The manufacturer reported that the rosemary essential oil (REO) was obtained through
steam distillation using rosemary leaves from Spain, while the oregano essential oil (OEO)
was obtained through steam distillation using oregano leaves from India. The materials
were immediately transported to the University of the Philippines-Diliman, College of
Home Economics, Laboratory of Food Microbiology and Hygiene (LFMH, UPCHE) to
preserve the integrity of the material.

The E. coli ATCC 9637 cultures used as surrogates for Salmonella spp. were purchased
from the Philippine National Collection of Microorganisms (PNCM)-BIOTECH, University
of the Philippines Los Bafios (BIOTECH-UPLB). The cultures were stored in refrigerated
conditions for no more than two weeks and served as the stock cultures until use to maintain
the quality of the cultures. The raw chicken breast used for the microbial inoculation studies
was procured from Commonwealth Market, Quezon City, and stored in an ice box with
a maintained temperature of <7 °C until use.

2.2. Maintenance and Preparation of Microbial Cultures

The maintenance and preparation of the microbial cultures was done following the
two-stage protocol of Anapi et al. [23]. Prior to testing the bacteriostatic effect of the es-
sential oils, the meat-associated bacteria underwent a series of activation and enrichment
preparation. The refrigerated stock cultures of E. coli ATCC 9637 were activated by inocu-
lating a loopful of cells to 10 mL of Nutrient Broth (NB) (HiMedia, Thane, India). The NB
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tubes were incubated at 35 °C for 18-24 h. The activated bacterial cultures were enriched
by transferring a loopful of cells into NB and then incubated for another 18-24 h at 35 °C.

The working cultures of the test bacteria were prepared by streaking the cells onto
pre-solidified nutrient agar (NA) slants (HiMedia Laboratories Pvt. Ltd., Mumbai, India).
The NA slants were incubated first at 35 °C for 18-24 h in order for the bacteria to
grow, prior to storage at 4 °C until the working culture was further used in the study.
Fresh working cultures were prepared every 14 days following the previously described
two-stage activation-enrichment protocols. The enriched cultures were serially diluted up
to 107 and spread-plated to obtain a viable bacterial count. Enumeration was conducted
in two independent runs with two internal replicates. The bacterial load was adjusted to
a final concentration of 1 x 10* CFU/mL prior to use in downstream experiments.

2.3. Preparation of Essential Oil Solutions

REO and OEO solutions were prepared using sterile 0.1% peptone water (PW) (Hi-
Media, India) containing 0.15% (w/v) agar as an emulsifying agent [24,25]. For the REO
and OEO treatments in culture, 150 uL of REO and 15 uL of OEO were diluted in sterile
0.1% PW containing 0.15% agar to reach a total volume of 5 mL treatment each. For the
REO and OEO dipping solutions for raw chicken meat, 1.5 mL of REO and 150 uL of OEO
were diluted in sterile 0.1% PW containing 0.15% agar to reach a total volume of 100 mL
treatment each.

2.4. Antimicrobial Properties of Rosemary and Oregano Essential Oils in Culture

The procedure of Soyer et al. [26] was adapted in testing the antimicrobial effects of
REO and OEO in culture. A volume of 5 mL of REO and OEO solutions, as described in the
previous section, were then combined with 5 mL of bacterial culture with a pre-determined
count of 2 x 10* CFU/mL for a final bacterial load of 1 x 10* CFU/mL. The bacterial culture
without REO or OEO was used as control. The final concentrations for all treatments are
listed in Table A1.

The bacterial growth at 35 °C was monitored through spread plate enumeration using
pre-solidified nutrient agar plates at 2 h intervals for 6 h and a final enumeration at the
24th hour. At each pre-identified time interval, the inoculated culture media were subjected
to serial dilution up to 107> with 9 mL of 0.1% PW and were spread-plated on nutrient
agar plates, incubated at 35 °C for 18-24 h. Microbiological analyses were conducted in
two independent runs with two internal replicates and reported as log CFU/mL.

2.5. Antimicrobial Properties of Rosemary and Oregano Essential Oils in Raw Chicken Meat

The procedure of Soyer et al. [26] was adapted in testing the antimicrobial effects
of REO and OEO in meat. Raw chicken breasts were cut up into 20 g pieces of simi-
lar dimensions and subjected to UV irradiation using five 15-Watt UV-C light sources
(Toshiba Lighting and Technology Corp., Kanuma, Japan) for a total of 30 min to reduce
inherent surface microflora. The chicken pieces were then dipped into microbial culture
with a pre-determined count of 1 x 10* CFU/mL for 10 min. A 30 min waiting period
was observed to allow the attachment of bacteria before dipping into 1.5% REO or 0.15%
OEO for 10 min. Uninoculated and inoculated chicken samples dipped into sterile 0.1%
PW containing 0.15% agar were used as control groups. A 2 min waiting period was
observed as the chicken samples were laid onto a sterile stainless steel rack to allow the
excess treatment solutions to drip off. All samples were placed in sterile plastic petri dishes
(90 mm diameter x 15 mm deep) and stored in sterile zipped plastic bags. Samples were
stored for 8 days under refrigerated conditions. This process was performed in duplicate.

Twenty grams (20 g) of chicken breast samples were taken on days 0, 2, 4, 6, and
8. These were homogenized in 180 mL of 0.1% PW using a blender (Hanabishi H]B-115,
Beijing, China) and serially diluted up to 107 prior to spread plating onto MacConkey
agar (TM Media, Delhi, India) at appropriate dilutions. The plates were then incubated at
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35 °C for 24 h. The microbiological analyses were conducted in two independent runs with
two internal replicates and reported as log CFU/g.

2.6. Statistical Analysis

This study followed a completely randomized design (CRD) experimental design.
Each sample had an equal chance of receiving a treatment. The means of the cell counts
(CFU/g) were obtained from the duplicates of each plating. The statistical analysis was
performed using IBM SPSS Statistics 22. The obtained data were subjected to a one-way
analysis of variance (ANOVA) and a post hoc Duncan’s Multiple Range Test (DMRT) at
a 95% confidence level to identify any significant differences.

3. Results and Discussion
3.1. Antimicrobial Properties of Rosemary and Oregano Essential Oils in Cultures

Both individual treatments of rosemary essential oil (REO) and oregano essential oil
(OEO) resulted in a growth of <3 log CFU/mL starting at hour 2, with minute survival at
hour 6 from the treatment with 1.5% REO. The growth of the microorganisms can be seen
in Figure 1.
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Figure 1. Growth of E. coli ATCC 9637 (log CFU/mL) in vitro across treatments.

In the determination of the antimicrobial susceptibility of microorganisms, minimum
inhibitory concentration (MIC) is the most commonly used reference value. The MIC is
defined as the minimum concentration of an antimicrobial that is able to inhibit the visible
growth of a microorganism after an overnight incubation. The minimum bactericidal
concentration (MBC) is less commonly used and is defined as the minimum concentration
of an antimicrobial that is able to prevent growth after subculturing to a medium without
the antimicrobial agent [27].

Rosemary essential oil (REO) has been found to have varying MIC values against
different serotypes of Salmonella, ranging from 0.5% to 2% v/v [25,28,29]. Oregano essential
oil (OEO) has been observed to have a broad range of MIC values, from 0.0298% to
0.313% v/v [30-34]. Most of these literature values report steam distillation as the method
of extraction and leaves as the source. The method of extraction, plant source, seasonality,
and cultivar all affect the chemical composition of the extracted essential oils and therefore
affect the MIC and MBC of said essential oils [35]. Similarly, oregano oil composition can
be affected by these factors. Figiel et al. [36] found that the total concentration of volatiles
in samples differed based on the drying method, ranging from 10.2 to 27.9 g kg . De
Falco et al. [37] also found that different growth conditions affected the proportions of
monoterpene hydrocarbons found in the extracted essential oils.

Due to this literature, this study opted to use rosemary and oregano essential oils, as
they have already shown promise as natural antimicrobial agents. Similarly, the concentra-
tions of the essential oils used in this study were based on those literature values, as the
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study was unable to perform the MIC determination due to a lack of equipment. Based on
the results of this study, 1.5% REO and 0.15% OEO made using this research’s sample can
be considered well above the MBC, as there was no growth on treatment-free agar plates
after incubation for 6 h. Reductions in concentration for future replications of the study
may be done in order to obtain an accurate assessment of the MIC and MBC of the REO
and OEO samples.

3.2. Antimicrobial Properties of Rosemary and Oregano Essential Oils in Raw Chicken

Slowed growth was observed from microorganisms obtained from treated chicken
breast samples. After the eight-day growth period, samples treated with 1.5% REO resulted
in a 0.69 log reduction compared to the positive control, while samples treated with 0.15%
OEO resulted in a 0.31 log reduction (p < 0.05) (Table 1). The growth of the microorganisms
throughout the 8-day period can be seen in Figure 2.

Table 1. Microbial counts of E. coli ATCC 9637 (log CFU/g) across treatments.

Day Log CFU/g
(-) +) 1.5% REO 0.15% OEO
0 4112 4152 4,082 4202
2 4.66 b 481°P 4447 4.702b
4 4982 5.06 2 4832 4743
6 5.87 2 5.99 2 5.41b 5.62 b
8 5.89b 6.202 5.51°¢ 5.89b

3¢ mean values on the same row followed by the same superscript are not significantly different (p > 0.05). Mean
values calculated from two independent runs, with two internal replicates d based on microbial count at the end
of the growth period.

?_
- (-)
- (+)
2 6+ & 15% REO
b ¥ 0.15% OEO
o
9 54

Day

Figure 2. Growth of E. coli ATCC 9637 (log CFU/g) on raw chicken breast across treatments. Error
bars represent average values and standard deviations calculated from the four data points.

These results show that REO and OEO are effective in reducing the growth of E. coli
ATCC 9637 in chicken. The discrepancy between the survival and growth of the inoculated
bacteria between those in culture and in meat may be due to several factors. Refrigeration
of the raw chicken may explain the slowed growth over the course of 8 days compared to
the growth rate of the positive control in culture, as refrigerated conditions are far removed
from the optimal growth temperature of both Salmonella and E. coli [38]. Raw chicken
breast is a solid mass of porous connective tissue, and it is possible that microorganisms
including the inoculant were able to penetrate and grow deeper into the raw chicken
than the treatment could reach [39]. A study by Soyer et al. [26] observed that the MIC,
three-fold of the MIC, and five-fold of the MIC were found as required concentrations for
the reduction of bacterial numbers on dipped meat samples. This was corroborated by
Moreira et al. [40]; they found that the reduction of pathogens in food samples required
two-, three-, and four-fold of the MIC values of the essential oil they used.
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Similar results have been found using REO, OEO, and its constituents against bacterial
growth in meat and other food products. Soyer et al. [26] showed that dipping beef
in rosemary extract inhibited the growth of L. monocytogenes, Salmonella Enteritidis, and
E. coli O157:H7. The major constituents of oregano essential oil, carvacrol and thymol,
and combinations of the two were observed to have detrimental effects on Salmonella
Typhimurium growth in vitro [41]. Carvacrol was able to reduce Salmonella Enteritidis
growth in chicken cecal contents by more than 5 log CFU/mL [42]. Burt et al. [43] also
observed reduced Salmonella Enteritidis growth in raw chicken pieces after they were
exposed to carvacrol vapor.

4. Conclusions

Rosemary and oregano essential oils were found to be effective against E. coli ATCC
9637, a surrogate microorganism for Salmonella spp., both in vitro and in raw chicken
breast samples. Treatment with the essential oils in vitro resulted in no growth at the end
of the 24 h growth period, while treatment with REO and OEO in raw chicken resulted
in a 0.69 log reduction and 0.31 log reduction, respectively, compared to the positive
control. This shows that rosemary and oregano essential oils have promise as natural
antimicrobial agents.

There are many avenues upon which the study can be progressed. Potential synergistic
effects may be discovered when using REO and OEO in combination. This study may also
be replicated against actual Salmonella spp. to confirm its effectiveness against the bacteria
and reinforce the validity of E. coli ATCC 9637 as a surrogate microorganism. Furthermore,
the study can be replicated on raw and cooked chicken to determine effectiveness at
different stages prior to consumption. Texture profile analysis and sensory evaluation can
be performed using uninoculated, treated chicken samples to determine acceptability to
consumers. A parallel experiment measuring changes in the physicochemical properties of
the chicken samples may reveal data that are able to further rationalize the experimental
results. Inherent microflora were observed in the negative control; the identification of
these bacteria may reveal interactions with the inoculated E. coli ATCC 9637. All of these
are potential paths that can be taken in order to advance the study.
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Appendix A

Table Al. Formulation of treatments for determination of antimicrobial activity.

Concentration
Treatment (Logléllt;lljr/inL) RE (%0/0) OEO (%u/o)
) : : -
(+) 4 - :
1 4 1.5 -
2 4 - 0.15
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