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Abstract

Turkey breast meat holds a prominent position in healthy diets due to its high biological value protein, low fat
content and rich micronutrient profile. However, its high water activity and near-neutral pH make it highly
susceptible to rapid proliferation of spoilage and pathogenic microorganisms, particularly Escherichia coli. The
present study aimed to evaluate the antibacterial efficacy of Teucrium polium L. essential oil as a natural
preservative against Escherichia coli in turkey breast meat and to assess its potential for extending microbiological
shelf life. Fresh samples were divided into three groups: untreated control, base marinade (3% NaCl + 0.5% lactic
acid), and base marinade enriched with 800 ppm Teucrium polium essential oil. After surface inoculation with
Escherichia coli, bacterial counts were monitored over 48 h of refrigerated storage at 4 °C. In vitro antibacterial
activity was determined by disk diffusion and well diffusion methods, while chemical composition was analyzed
using GC-MS. The essential oil exhibited strong in vitro activity, producing the largest inhibition zone at 20
(uL/mL) among tested concentrations. a-Pinene and B-pinene, identified as the predominant constituents, exerted
their bactericidal effect primarily by disrupting bacterial plasma membrane integrity. Nevertheless, no statistically
significant differences (p < 0.01) in Escherichia coli counts were observed among treatments within the meat
matrix during the 48h. These findings indicate that, despite the pronounced in vitro antibacterial potential of
Teucrium polium L. essential oil, achieving significant microbial reduction in real food systems requires
optimization of concentration, contact time, application method, and implementation of advanced controlled-
release technologies.

Keywords: Antibacterial effect, Escherichia coli, Natural preservative, Teucrium polium essential oil, Turkey
meat
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| Investigation of the Antibacterial Effect of Teucrium polium L. on Escherichia coli in

Turkey Breast Meat

EXTENDED ABSTRACT

Introduction: Turkey meat consumption has surged globally due to its superior nutritional attributes: high-quality
protein approximately (24 g/100 g), extremely lowfat content (<2%) in breast cuts, favorable polyunsaturated-to-
saturated fatty acid ratio, and abundant micronutrients including selenium, zinc, and B-complex vitamins. These
characteristics position turkey breast as a preferred choice for health-conscious consumers and diet-specific
products. Nevertheless, its high moisture content and water activity, and pH range of 5.9-6.3 create optimal
conditions for rapid microbial proliferation immediately after slaughter. Among contaminants, Escherichia coli
serves not only as a key hygienic process indicator but also includes highly dangerous pathotypes (e.g.,
enterohemorrhagic E. coli 0157:H7) capable of causing hemolytic uremic syndrome. The combination of growing
antimicrobial resistance, stricter regulatory limits on synthetic preservatives, and strong consumer demand for
“natural” and “clean-label” foods has stimulated intensive screening of plant-derived antimicrobials. Essential
oils from the Lamiaceae family consistently demonstrate the strongest and broadest activity profiles. Teucrium
polium L. locally known as "Kalpooreh" is a perennial aromatic shrub widely distributed across the Mediterranean
basin, Southwest Asia, and the Middle East. For centuries, it has been used in traditional medicine for its
antidiabetic, antispasmaodic, anti-inflammatory, diaphoretic, and antimicrobial effects. Numerous in vitro studies
have confirmed that its essential oil, rich in monoterpene hydrocarbons, exhibits potent antibacterial, antifungal,
antiviral, and antioxidant properties. Despite this promising background, very limited data exist on its application
in real food matrices, especially muscle foods. The present study was therefore undertaken to (1) fully characterize
the chemical composition and in vitro anti- Escherichia coli activity of Teucrium polium L. essential oil collected
from southern Iran, and (2) evaluate its practical efficacy when incorporated at a sensory-acceptable concentration
(800 ppm) into an acidic-salt marinade system for fresh turkey breast meat during short-term refrigerated storage.
Materials and Methods: Fresh boneless, skinless turkey breast fillets were acquired from a federally inspected
processing plant within 6 h post-mortem, transported at 0—4 °C, trimmed. Teucrium polium L. flowering aerial
parts were harvested at peak blooming from wild populations in Fars Province, shade-dried at 35 °C for 7 days,
and hydro distilled for 4 h yield. The resulting pale-yellow oil was dehydrated over anhydrous Na>SO4 and stored
protected from light. GC-FID and GC-MS analyses identified 46 compounds representing 99.1% of the oil.
Dominant constituents were a-pinene (22.75%), B-pinene (7.72%), Germacrene D (2.29%), B-Myrcene (3.22%)
and Caryophyllene E (3.5%). Three experimental groups were designed: (1) untreated control, (2) base marinade
(distilled water + 3% NaCl + 0.5% lactic acid, final pH 4.1), (3) base marinade enriched with 800 ppm Teucrium
polium L. essential oil (EO800). Samples were surface-inoculated with Escherichia coli to achieve approximately
6.2 log CFU/g, marinated for 30 min at 4 °C with constant agitation meat-to-marinade ratio (1:3), drained, and
stored at 4 + 1 °C for 48 h. Microbiological analyses were performed at 48 h by enumerating typical colonies on
EMB agar after 24 h incubation at 37 °C. Parallel in vitro tests included disk diffusion (10, 15, 20 uL/disk), agar
well diffusion, and well broth microdilution for Minimum inhibitory concentration (MIC) and Minimum
bactericidal concentration (MBC) determination. All experiments were conducted in triplicate. Data were
statistically analyzed using SPSS with one-way ANOVA and LSD test at (p < 0.01).

Results: In vitro assays confirmed exceptional activity: the largest inhibition zone was 28.8 + 1.0 mm at 20
pL/disk (statistically superior to ciprofloxacin 25.0 + 0.8 mm). (MIC) and (MBC) values were 0.39 uL/mL and
0.78 uL/mL, respectively. In the turkey breast system, however, no statistically significant differences (p > 0.01)
were detected among treatments at any time point. At 48 h, counts reached 8.44 + 0.30 log CFU/g (control), 8.11
+ 0.36 log CFU/g (base marinade), and 7.91 £ 0.43 log CFU/g (EO800), corresponding to only a 0.53 log
numerical but non-significant reduction in the essential-oil group.

Conclusion: Teucrium polium L. essential oil is a powerful natural bactericide against E. coli in vitro, driven
primarily by its high a-pinene and PB-pinene content that irreversibly damages cytoplasmic membranes.
Regrettably, when applied at 800 ppm through conventional 30-min marination, its effectiveness was drastically
curtailed by strong interactions with meat proteins and lipids, limited penetration depth, reduced volatility at
refrigeration temperature, and possible partial inactivation by food components. These results reinforce the well-
documented “in vitro vs. in-food” efficacy gap typical of essential oils. To overcome these barriers and unlock
commercial potential, future investigations should prioritize advanced delivery systems (nano emulsions,
liposomes, cyclodextrin inclusion complexes, or active edible films), synergistic combinations with other natural
antimicrobials or mild physical treatments, higher concentrations balanced by rigorous sensory testing, and
extended challenge studies incorporating natural microflora, lipid oxidation parameters, and realistic temperature-
abuse scenarios. With targeted formulation improvements, Teucrium polium L. essential oil could become a
valuable clean-label tool for enhancing microbiological safety and extending the shelf life of fresh and minimally
processed turkey products.
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