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Abstract

Nowadays, the use of plant extracts and postbiotics as natural preservatives to enhance shelf-life and control
foodborne pathogens has attracted attention from researchers. Poultry meat is considered one of the major sources
of Salmonella serotypes. The present study investigated the combined effect of the ethanolic extract (EE) of
Heracleum persicum and the cell-free supernatant (CFS) of Lactobacillus plantarum on the growth of Salmonella
typhimurium and the shelf-life of ground chicken breast meat during refrigerated storage. Preparation of the EE,
preparation of CFS, determination of minimum inhibitory concentration (MIC), standard plate count (SPC),
enumeration of Salmonella (SC), and pH measurement of ground chicken meat on days 1, 3, 7, and 10 of storage,
were the methods employed in this study. MIC results showed that the EE (64 mg/dl) and the CFS (512 mg/dl)
individually exhibited antibacterial effects against Salmonella, while their combination demonstrated an enhanced
antibacterial effect (32 mg/dl). Moreover, different concentrations of the EE and the CFS, either alone or in
combination, significantly reduced SPC and SC (log cfu/g) in ground chicken meat across different storage days
(p<0.05). The overall mean values of SPC and SC in the combined treatments were significantly lower compared
to the individual treatments throughout the storage period (p<0.05). Similarly, the overall mean pH of ground
chicken meat in the combined treatments was significantly lower compared to the individual treatments (p<0.05).
Therefore, the combined application of H. persicum EE and L. plantarum CFS is recommended for enhancing
shelf-life and inhibiting Salmonella growth in ground chicken meat.
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EXTENDED ABSTRACT

Background and objectives:

Food safety remains a global public health priority, with foodborne pathogens such as Salmonella typhimurium
posing significant risks in poultry products. Chicken meat, particularly ground breast meat, is highly susceptible
to microbial contamination due to its high nutrient content, large surface area, and tissue disruption during
grinding. Among poultry pathogens, Salmonella typhimurium continues to be a major cause of outbreaks of
foodborne illness worldwide, leading to significant economic losses and threatening consumer health.
Conventional strategies for controlling microbial contamination in meat largely rely on synthetic preservatives
and chemical additives. However, rising consumer demand for natural, safe, and eco-friendly alternatives,
combined with growing concerns about antimicrobial resistance, has driven research toward biopreservation using
plant-derived antimicrobials and postbiotics. Heracleum persicum (Persian Hogweed), a traditional medicinal and
culinary herb native to Iran, is rich in phenolics, flavonoids, coumarins, and volatile oils, which have been shown
to exhibit strong antioxidant and antimicrobial properties. In parallel, lactic acid bacteria, particularly
Lactobacillus plantarum, produce organic acids, hydrogen peroxide, and bacteriocins, contributing to their
antimicrobial activity. The cell-free supernatant (CFS) derived from L. plantarum cultures contains these
metabolites and has been reported to inhibit several foodborne pathogens. This study aimed to evaluate the
individual and combined effects of ethanolic extract (EE) of H. persicum and CFS of L. plantarum on the growth
of S. typhimurium and on the shelf-life of ground chicken breast meat stored under refrigeration.

Materials and Methods

The ethanolic extract of H. persicum was prepared by Clevenger apparatus using 96% ethanol, followed by rotary
evaporation to concentrate the extract. The CFS of L. plantarum (PTCC 1896) was obtained by culturing the
bacterium in MRS broth, followed by centrifugation and filtration to remove cells, and lyophilization to obtain a
dried supernatant. The minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC)
of both EE and CFS, individually and in combination, against S. typhimurium were determined using the
microdilution method in 96-well plates. Fractional inhibitory concentration index (FICI) values were calculated
to evaluate synergistic or additive interactions. For in situ evaluation, ground chicken breast meat samples were
inoculated with S. typhimurium (103 cfu/g) and subjected to four treatments: (1) control (no additives), (2) EE
alone, (3) CFS alone, and (4) EE + CFS combined, at different concentrations (0.025%, 0.05%, 0.1%, 0.2% wi/w).
Samples were stored at 2 °C, and microbial counts (standard plate count, SPC; and Salmonella count, SC) and pH
were measured on days 1, 3, 7, and 10. Statistical analyses included two-way ANOVA and Tukey’s post hoc tests
with significance set at p<0.05.

Results

MIC testing revealed that EE of H. persicum inhibited S. typhimurium at 64 mg/dl, while CFS inhibited growth at
512 mg/dl. When combined, the MIC dropped to 32 mg/dl, with a calculated FICI of 0.562, indicating an additive
effect. In ground chicken meat, both EE and CFS alone significantly reduced microbial counts (SPC and SC)
compared to controls across all storage days. However, the combination of EE and CFS demonstrated superior
efficacy, achieving significantly lower microbial counts at all concentrations and storage times. The reduction was
dose-dependent, with the strongest effects observed at 0.2% concentration. Similarly, pH measurements showed
that treated samples exhibited lower pH values than controls, with the most pronounced reduction in the combined
treatments. Decreased pH correlated with inhibited microbial growth, likely due to the accumulation of organic
acids from CFS and phenolic interactions from EE. Over 10 days of refrigerated storage, SPC and SC values
increased in all samples but at a significantly slower rate in treated groups, particularly in the combination
treatment. For example, on day 10, microbial counts in the combined EE + CFS samples remained substantially
below spoilage thresholds, suggesting an extension of shelf-life.

Discussion

The findings of this study reinforce the growing evidence supporting plant extracts and postbiotics as natural
biopreservatives in meat products. EE of H. persicum exhibited notable antibacterial activity, consistent with
previous reports attributing its efficacy to phenolic and flavonoid compounds with membrane-disruptive and
oxidative mechanisms. Similarly, CFS of L. plantarum demonstrated antimicrobial activity likely due to the
combined effects of lactic acid, bacteriocins, and hydrogen peroxide. Importantly, the combination of EE and CFS
produced an additive effect, lowering MIC values and enhancing microbial inhibition in chicken meat. This
synergy can be explained by complementary mechanisms: EE disrupts cell walls and interferes with bacterial
metabolism, while CFS acidifies the environment and delivers bacteriocins that further inhibit pathogen growth.
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Determination of Ochratoxin A, Glycyrrhizic Acid, Total Sugar, and Extract Content
in Licorice Root Using High-Performance Liquid Chromatography

Comparable studies have reported synergistic antimicrobial effects when combining plant extracts with probiotic
metabolites or bacteriocins. For instance, oregano essential oil and nisin have been shown to enhance microbial
control in minced meat. Similarly, the application of L. plantarum CFS in meat systems has been reported to
significantly reduce Salmonella populations. Our results align with these findings, while introducing H. persicum
EE as a novel and culturally relevant option. The observed reduction in pH across treated samples is consistent
with organic acid production and further contributes to growth inhibition. Lower pH environments are less
favorable for Salmonella survival, highlighting the importance of this mechanism in biopreservation.
Nevertheless, variations in efficacy across studies may result from differences in plant extract composition,
bacterial strains, and food matrix effects. This underscores the need for further validation under industrial
processing conditions and across diverse meat systems.

Conclusion

This study demonstrated that both EE of Heracleum persicum and CFS of Lactobacillus plantarum independently
inhibited Salmonella typhimurium growth in vitro and in ground chicken breast meat. More importantly, their
combination showed additive antimicrobial effects, reducing MIC values, lowering pH, and significantly
decreasing microbial loads throughout refrigerated storage. The application of this natural combination presents
a promising strategy to extend the shelf-life of poultry meat and enhance its microbial safety, addressing consumer
demand for natural preservatives and reducing reliance on synthetic additives. Future research should focus on
sensory evaluations, consumer acceptance, and pilot-scale industrial trials to assess feasibility in commercial meat
production. The integration of plant-based antimicrobials and postbiotics could represent a sustainable and
effective approach to biopreservation in the global food industry
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2 - Salmonella enteritidis

3 - Antimicrobial peptides (AMPSs)
4 - Posthiotics
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