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RESUMEN 

Existen enfermedades transmitidas por alimentos (ETAs), causadas por bacterias 

que pueden afectar tanto a animales como a humanos. Dentro de estas bacterias 

está Staphylococcus aureus y Salmonella spp., las cuales pueden adquirir 

resistencia antimicrobiana (RAM), dificultando su control y propagación en la cadena 

productiva de alimentos. El objetivo de esta investigación fue determinar el efecto 

antimicrobiano de extractos de plantas frente a Staphylococcus aureus y Salmonella 

spp. resistentes a antibióticos, aisladas en la cadena productiva avícola. Tras 

recolectar 356 muestras de gallinas y pollos de carne, carne de pollo y huevos, se 

confirmó la presencia de ambas bacterias mediante cultivo selectivo y PCR. Se 

determinó la diversidad genética de las cepas aisladas a través de ERIC-

fingerprinting, seleccionando una cepa de cada cluster. Las cepas seleccionadas 

fueron sometidas a análisis de susceptibilidad a antibióticos y a extractos de plantas 

(aceite esencial de orégano, extracto de orujo de uva y extracto de cáscara de 

castaña) mediante el método de difusión en disco.  Se encontró una prevalencia del 

13.64% para S. aureus y del 6.53% para Salmonella spp. en la cadena productiva 

avícola, con la identificación de cepas multirresistentes a antibióticos en ambos 

casos. Se observó que el aceite esencial de orégano y el extracto de cáscara de 

castaña exhibieron una actividad antibacteriana contra ambas especies, mientras 

que el extracto de orujo de uva no demostró efecto inhibitorio. Por lo tanto, el aceite 

esencial de orégano y el extracto de cáscara de castaña podrían ser alternativas 

para controlar cepas resistentes a antibióticos en la cadena de productiva de carne 

de aves y huevos. 
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SUMMARY 

There are foodborne diseases caused by bacteria that can affect both animals and 

humans. These bacteria include Staphylococcus aureus and Salmonella spp, which 

can acquire antimicrobial resistance (AMR), making their control and spread in the 

food production chain difficult. The aim of this study was to determine the 

antimicrobial activity of plant extracts against antibiotic-resistant Staphylococcus 

aureus and Salmonella spp. isolated in the poultry production chain. After collecting 

356 samples of broilers, chicken meat and eggs, the presence of both bacteria was 

confirmed by selective culture and PCR. The genetic diversity of the isolated strains 

was determined by ERIC fingerprinting, with one strain selected from each cluster. 

The selected strains were subjected to susceptibility analysis to antibiotics and plant 

extracts (oregano essential oil, grape pomace extract and chestnut shell extract) 

using the disc diffusion method. A prevalence of 13.64% was found for S. aureus and 

6.53% for Salmonella spp. in the poultry production chain, with the identification of 

multidrug resistant (MDR) strains in both cases. It was observed that oregano 

essential oil and chestnut shell extract showed antibacterial activity against both 

species, while grape pomace extract did not show any inhibitory effect. Therefore, 

oregano essential oil and chestnut shell extract could be alternatives to control 

antibiotic resistant strains in the poultry meat and egg production chain. 
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CAPÍTULO 1. INTRODUCION GENERAL 

La resistencia antimicrobiana (RAM) es una amenaza sanitaria global, que, si no se 

toman las medidas adecuadas a tiempo, puede tener efectos negativos para la salud 

humana, animal y ambiental (Serra, 2017). Las bacterias patógenas han 

desarrollado resistencia a antibióticos como quinolonas, tetraciclinas, y 

aminoglucósidos, amenazando de esta forma los tratamientos farmacológicos (Liu 

et al., 2021). Se estima que al año 2050, aproximadamente 10 millones de personas 

podrían morir cada año a causa de RAM, con un costo económico mundial de 86 

billones de dólares. Según la Organización Mundial de la Salud (OMS), la RAM se 

produce porque las bacterias logran adaptarse a través de diferentes mecanismos 

y crecer en presencia del antibiótico (Mirabal, 2020). Está demostrado que 

diferentes cepas bacterianas poseen la capacidad de desarrollar resistencia, por 

motivos de mal uso de los antimicrobianos y de utilización de antibióticos a largo 

plazo (Galo et al., 2020). 

Durante los últimos años, no ha existido un avance importante en desarrollar nuevas 

alternativas a los antibióticos (Álvarez et al., 2021). Sin embargo, se requieren más 

investigaciones para el desarrollo de estrategias que utilicen nuevos tratamientos 

para enfermedades infecciosas, incluyendo la utilización de productos naturales 

(Navarrete et al., 2020).  

En la actualidad, existe interés en la búsqueda de nuevos medicamentos con 

capacidad antimicrobiana (Bonilla et al., 2016). En este contexto, la OMS hace un 

llamado a que los países desarrollen políticas basadas en conocimiento y 

estrategias para la utilización de plantas medicinales (Marinho et al., 2021). Existen 
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estudios que indican que los extractos de plantas pueden ser una alternativa para 

la producción de nuevos antimicrobianos (Demirtaş et al., 2018; Tayel et al., 2018; 

Rehman et al., 2016; Gnat et al., 2017), especialmente para aquellas bacterias que 

exhiben RAM (Tayel et al., 2018; Rehman et al., 2016), además poseen menor costo 

económico y un efecto eficiente, debido a que los compuestos activos tienen la 

capacidad de retrasar o inhibir la replicación bacteriana (Cruz et al., 2016). Las 

plantas son una gran fuente de fitoquímicos, en donde destacan los compuestos 

fenólicos. Los compuestos fenólicos son metabolitos secundarios que las plantas 

sintetizan principalmente bajo estrés (ambiental) o como mecanismo de defensa 

frente a determinados patógenos (Parola et al., 2021). Las capacidades tanto 

antioxidantes como antimicrobianas son atribuidas a los compuestos fenólicos 

(Bano et al., 2021). La interacción de compuestos fitoquímicos contenidos en 

aceites esenciales, constituidos generalmente por compuestos aromáticos, y 

sustancias orgánicas con actividad antimicrobiana conforman un mecanismo de 

defensa que tienen las plantas contra enfermedades (Zhu et at., 2021). El aceite 

esencial de orégano (Origanum vulgare L.) posee actividad antimicrobiana y 

antioxidante, lo cual se atribuye a sustancias como el timol y el carvacrol (Dutra et 

al., 2019), que presentan actividad antimicrobiana frente a varios patógenos que 

son transmitidos mediante alimentos (An et al., 2021). Algunos residuos o 

subproductos provenientes de la industria agrícola son una fuente valiosa de 

compuestos activos que pueden ser utilizados como antioxidantes y 

antimicrobianos (An et al., 2021). Dentro de estos está el orujo de uva (Vitis 

vinífera), obtenido en la elaboración del vino, el cual es una buena fuente de 

compuestos bioactivos (ácidos fenólicos, flavonoles, flavanoles, antocianinas, 
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taninos y estilbenos) responsables de diversas actividades biológicas, entre ellas la 

acción antimicrobiana (Goulas et al., 2021). Otro subproducto o residuo de la 

agroindustria corresponde a la cáscara de castaña (Castanea sativa), que posee 

una gran cantidad de compuestos bioactivos, destacando los compuestos fenólicos 

(Hu et al., 2021). Los compuestos fenólicos detectados en cáscara de castaña son 

ácidos fenólicos (elágicos y galicos), flavonoides (rutina, quercetina y apigenina) y 

taninos (Lameirão et al., 2020). El extracto de la cáscara de castaña también posee 

efecto antimicrobiano frente a diversos patógenos que se transmiten mediante 

alimentos (Park et al., 2016). Por lo tanto, los extractos de plantas con actividad 

antimicrobiana podrían utilizarse en el control de bacterias patógenas, de 

importancia en salud humana y animal.  

Existe una asociación entre la producción de carne de aves de corral y la salud 

humana, lo que está generando problemas en la industria avícola en materia de 

seguridad de los alimentos, en relación con la mitigación de la RAM (Mwandinge et 

al., 2021). El consumo de alimentos contaminados con patógenos (bacterias, virus 

y parásitos) o sustancias químicas dañinas puede causar brotes de enfermedades 

trasmitidas por alimentos (ETAs) (Qosimah et al., 2021). Entre las bacterias más 

comunes que producen ETAs se encuentran Salmonella, Escherichia coli 

enterohemorrágica, Campylobacter, Shigella, Listeria y Vibrio cholerae (WHO, 

2020), siendo Salmonella y Escherichia coli algunos microorganismos que 

comúnmente presentan RAM (Andrew et al., 2020). Bacterias asociadas a la 

producción avícola como Salmonella y Campylobacter spp. son frecuentemente 

notificados como causantes de ETAs (Hafez & Attia, 2020). 

Algunas cepas de la bacteria Staphylococcus aureus, producen enterotoxinas que 
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pueden provocar brotes de intoxicación alimentaria en humanos. De esta forma, S. 

aureus enterotoxigénico resistente a antibióticos presente en alimentos es una 

amenaza para la salud humana (Ma et al., 2018).  

El uso de antibióticos durante los últimos años en la cadena productiva avícola 

permitía garantizar rentabilidad en las granjas, eficiencia y altos niveles de 

producción, además del bienestar de las aves. Esta práctica se ha asociado a la 

emergencia y propagación de cepas bacterianas resistentes a antibióticos, la 

aparición de estas mismas cepas bacterianas en los productos finales, 

desequilibrios en la flora normal del intestino del animal y la preocupación científica. 

Debido a estos motivos, durante enero del año 2006, la Unión Europea prohibió el 

uso de antibióticos como promotores de crecimiento (APC) en la producción animal 

(Maya et al., 2021). En tanto a la situación nacional, la prohibición de APC ocurre 

durante el año 2007 (Res. SAG No. 1992, 2006). 

Existen antecedentes que demuestran la capacidad antimicrobiana de algunos 

extractos naturales frente a ciertas bacterias, pero no han sido evaluados en 

diferentes etapas de la cadena productiva de alimentos. Por este motivo, se 

requiere determinar la susceptibilidad de bacterias patógenas resistentes a 

antibióticos a extractos de plantas, para poder contar con alternativas para contener 

la RAM y mejorar la inocuidad alimentaria. Durante los últimos años S. aureus 

enterotoxigénico y Salmonella spp. se han notificado de forma reiterada en la 

cadena productiva de productos avícolas. Estas bacterias comprometen la salud 

humana, inocuidad y calidad de los alimentos, por lo tanto, se requieren más 

estudios para poder controlar de manera efectiva la disipación de ciertas bacterias 

con resistencia a los antimicrobianos en el ecosistema. 
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HIPÓTESIS 

Extractos de plantas tienen efecto antimicrobiano contra S. aureus y Salmonella 

spp. resistentes a antibióticos, aisladas en la cadena productiva avícola. 

 

OBJETIVO GENERAL 

Evaluar el efecto antimicrobiano de extractos de plantas frente a S. aureus y 

Salmonella spp. resistentes a antibióticos, aisladas en la cadena productiva avícola. 

 

OBJETIVOS ESPECIFICOS 

- Determinar la prevalencia de S. aureus y Salmonella spp. resistentes a 

antibióticos, aisladas en la cadena productiva avícola. 

- Determinar la actividad antimicrobiana de extractos vegetales de interés 

agronómico y agroindustrial. 
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Abstract 

Aim: To determine the susceptibility of Staphylococcus aureus strains of poultry origin 

to antibiotics, oregano essential oil (EO) (Origanum vulgare L.), chestnut shell extract 

(Castanea Sativa) and grape pomace extract (Vitis vinifera). 

Methods and Results: Samples were taken from hens and broiler chickens (n=120), 

poultry meat (n=98) and eggs (n=138). S. aureus was isolated by selective culture 

method and confirmed by PCR (nuc gen). Eight S. aureus strains were selected using 

ERIC-fingerprinting PCR. Selected strains were subjected to antimicrobial susceptibility 

testing using the disk diffusion method. The total prevalence of S. aureus was 13.64%. 

A higher prevalence (5.34%) was found in samples from conventional system 

compared with cage-free system and in non-packaged meat compared with packaged 

meat (P≤0.05). Four strains were multidrug resistant (MDR). Oregano EO and chestnut 

shell extract had antibacterial activity. However, grape pomace extract did not exhibit 

anti-staphylococcal activity. 

Conclusions: Oregano EO and chestnut shell extract have inhibitory activity against S. 

aureus strains of poultry origin, and grape pomace extract has not inhibitory effect. 

Impact statement: This study provides information on the prevalence of S. aureus in 

poultry and on the potential use of plant extracts to control antibiotic-resistant S. aureus 

strains in the food chain. 

  

Keywords: antimicrobial resistance (AMR), Staphylococcus aureus, poultry, oregano 

essential oil (EO), chestnut shell, grape pomace. 
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Introduction 

 

Antimicrobial resistance (AMR) is a global health threat, which, if appropriate 

measures are not taken in time, can have negative effects on human, animal and 

environmental health (Serra, 2017). AMR has increased exponentially during the last 

few years, due to the excessive and indiscriminate use of antibiotics (Camou et al., 

2017). Pathogenic bacteria have developed resistance to antibiotics such as 

quinolones, tetracyclines, and aminoglycosides, thus threatening pharmacological 

treatments (Liu et al., 2021). It is estimated that by 2050, approximately 10 million 

people could die each year from AMR, with a global economic cost of US$86 trillion 

(Mirabal, 2020). During the last few years, there has been no significant progress in 

developing new alternatives to antibiotics (Álvarez et al., 2021), and more research 

is required to develop new strategies to control and mitigate AMR, including the use 

of natural products (Navarrete et al., 2020). In this context, WHO calls on countries 

to develop knowledge-based policies and strategies for the use of medicinal plants 

(Marinho et al 2021).  

Staphylococcus aureus is a bacterium that has developed the ability to generate 

several antibiotic resistance mechanisms to antibiotics (Guillén et al., 2016). 

Moreover, it is widely distributed in nature, and it is found in diverse environments. 

Although considered part of the normal bacterial flora on human and animal skin and 

mucous membranes, this bacterium is an opportunistic pathogen capable of causing 

a wide range of infections in humans and animals, including skin infections, 

pneumonia, septicemia and foodborne diseases (Zendejas et al., 2014). This 

bacterium is highly resistant to many adverse conditions, despite not forming spores 
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(Guillén et al., 2016). In addition, the presence of S. aureus in the poultry meat and 

egg industry, especially in raw meat or poultry products, is one of the most common 

causes of food poisoning worldwide (Pyzik et al., 2014). There are studies that 

indicate that some plant extracts can be an alternative to develop new antimicrobials 

(Demirtaş et al., 2018; Tayel et al., 2018; Rehman et al., 2016; Gnat et al., 2017), 

especially for those bacteria that exhibit AMR (Tayel et al., 2018; Rehman et al., 

2016). In addition, they are cheaper and show an efficient effect, because the 

bioactive compounds have the ability to delay or inhibit bacterial replication (Cruz et 

al., 2016). Plants are a great source of phytochemicals, such as phenolic 

compounds, which are secondary metabolites synthesized by plants mainly under 

environmental stress or as a defense mechanism against certain pathogens (Parola 

et al., 2021). Both antioxidant and antimicrobial capacities are attributed to phenolic 

compounds (Bano et al., 2021). The interaction of these phytochemical compounds 

can effectively inhibit the growth of pathogenic bacteria such as Staphylococcus 

aureus, Salmonella and Escherichia coli (Parola et al., 2021). These studies are 

essential to effectively control the spread of resistant bacteria in the ecosystem and 

ensure the safety of poultry products (Álvarez et al., 2021). Therefore, the aim of this 

study was to determine the prevalence and the susceptibility of Staphylococcus 

aureus strains of poultry origin to antibiotics, essential oil (EO) of oregano, chetsnut 

shell extract and grape pomace extract. 

 

Materials and methods 

Sampling 

A total of 356 samples were collected from different stages of the poultry meat and 
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egg production chain between December 2021 and January 2022, in region of Ñuble 

and region of Biobío, Chile. Sample size (Suppl. data S1) was determined using 

equation 1 (Moore, 2007). 

n ≥ (
z

m
)
2

× p
∧
(1 − p

∧
)  (1) 

 

Where n is the sample size, z is the standard score in the normal distribution 

frequency, m corresponds to the margin of error, and p
∧
 is the prevalence of 

pathogens presenting AMR obtained in other studies. The confidence level of the 

interval corresponds to 95%, with z=1.96 and m=0.05 (considering an interval no 

greater than 10%). 

Samples were collected from laying hens and broiler chicken (farms) (skin) (n=120), 

whole and cut-up chicken (supermarkets and butcher shops) (meat) (n=98), eggs 

(farms, supermarkets and retail stores) (n=138). The legal and ethical approval was 

obtained from the Ethics, Bioethics and Biosecurity Committee of the University of 

Concepcion, Chile, prior to conducting sampling (Suppl. data S2). Briefly, the 

animals were immobilized inside cages and skin samples were obtained by passing 

a sterile swab under one wing. For egg samples, the entire eggshell was sampled 

with a sterile swab. Whole and cut-up chicken meat samples were randomly selected 

and purchased. Samples were immediately transported at 4°C and processed. 

 

S. aureus isolation  

The isolation of S. aureus was carried out through selective enrichment and culture 

techniques. Briefly, swab samples were suspended in 10 mL of sterile buffered 
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peptone water (BPW), and meat samples (25 g) with MHB+6.5% NaCl (225 mL) 

were placed in a sterile filter bag and homogenized using a lab blender 

(BagMixer400 P; Interscience, St. Nom, France) at 8 strokes/s for 90 s. Following 

incubation (24 h at 35±2°C) the suspension were streaked onto Baird Parker agar 

(BPA) supplemented with tellurite egg yolk and incubated for 48 h at 35±2°C. 

Presumptive positive colonies (black colonies with a clear halo) were selected and 

streaked onto tryptic soy agar (TSA), followed by incubation for 24 h at 35±2°C. 

Presumptive S. aureus colonies were stored at -80°C in cryotubes containing brain 

heart infusion broth (BHI) with 20% glycerol. 

 

DNA Extraction 

DNA from presumptive S. aureus strains was extracted using the boiling method 

proposed by Ngamwongsatit et al. (2008). Briefly, each strain was streaked on TSA 

and incubated for 24 h at 35±2°C. Then, 1 to 3 colonies were inoculated into 1 mL 

of trypticase soy broth (TSB) and centrifuged at 5000 x g for 2 min (Prism R™ 

Refrigerated MicroCentrifuge; Labnet; USA). The pellet was resuspended in 500 µL 

of DNA/RNAase-free H2O and centrifuged at 5000 x g for 2 min. Subsequently, the 

pellet was resuspended in 100 µL of DNA/RNAase-free H2O and kept at 100°C for 

10 min (AccuBlock™ digital dry baths; Labnet; USA) followed by centrifugation at 

1000 x g for 5 min. The resulting supernatant was stored at -20°C. DNA 

concentration was adjusted at A260/A280 = 1.8 – 2.0 (10 – 100 ng /mL). 

 

Identification/confirmation of S. aureus 

The nuc gene (S. aureus specific region of thermonuclease, 279 bp) was identified 



17 

 

by PCR to confirm S. aureus strains. The primers were: nuc1F (5’ 

GCGATTGATGGTGATACGGTT 3’) and nuc2R (5’ 

AGCCAAGCCTTGACGAACTAAAGC 3’). PCR reactions were carried out in a 

volume of 25 µL, including: 2.5 µL of DNA template (<250 ng), 12.5 µL 1X GoTaq 

Master Mix (200 µM dNTPs, 3 mM MgCl2) (Pro-mega, Madison, WI, USA) (Pro-

mega), 1 µL of each primer (0,4 µM) (Invitrogen Integrated DNA Technologies, Inc., 

Coralville, IA, USA). PCR conditions were adjusted following the protocol described 

by Enright et al. (2000) using an thermocycler (Labnet™ Thermocycler MultiGene™ 

OptiMax TC9610-230, Hamburg, Germany). Subsequently, 10 µL of the PCR 

product was loaded on 1.5% agarose gels in 1X TAE with 10 µL SafeView as DNA-

intercalating dye. Two positive controls S. aureus ATCC 25923 and Methicillin-

Resistant S. aureus (MRSA) ATCC 43300 and two negative control Salmonella 

ATCC 13076 and DNA/RNAase-free H2O were included. A molecular weight marker 

100-bp ladder (Maestrogen, Inc., Las Vegas, NV, USA) was included in each gel. 

Electrophoresis was carried out at 100 V in TAE 1X for 1 h. Bands were visualized 

using a UV transilluminator at 312 nm (BIOTOP TU1002; Shangai Bio-Tech Co. Ltd. 

Shangai, China). 

 

ERIC-Fingerprinting PCR for S. aureus 

The genetic diversity of S. aureus isolates was assessed by ERIC-PCR molecular 

fingerprinting using the primers Eric2F (5’ AAGTAAGTGACTGGGGTGAGCG 3’) 

and Eric1R (5’ ATGTAAGCTCCTGGGGATTCAC 3’) (Versalovic et al., 1991). 

Reference strains of S. aureus ATCC 25923 and ATCC 43300 were used as positive 
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controls and Salmonella enterica subsp. Enterica ATCC 13076 was used as 

negative control.  

The ERIC PCR mix was performed using 2.0 µL of 50 ng DNA template, 1.25 µL of 

forward and reverse primers 10 µM, 12.5 µL of GoTaq® Colorless Master Mix 

(Promega) and 9.5 µL of DNA/RNAase-free H2O (Promega) to a total of 25 µL. PCR 

conditions were adjusted according to Akindolire et al. (2018).  

The PCR products were subjected to electrophoresis in 2% (w/v) agarose gels with 

a previous standardization of the DNA concentration for each sample. Each lane 

was charged with 15 µL of PCR product and 3 µL of loading dye supplemented with 

SafeView Plus DNA gel stain 20,000X (Fermelo Biotec). The marker used was 100-

bp Plus DNA ladder (Maestrogen). Electrophoresis was carried out at 100V for 3 h 

with 1xTAE (40mM Tris-Acetate, 1mM EDTA, pH 8.0). Bands were visualized in a 

UV transilluminator 320 nm. 

The banding patterns were manually analyzed to scan for the presence (scores 1 

or 0) of PCR products of specific molecular sizes using the Gerding et al. (2013) 

protocol. The matrix was then analyzed with AFPL SURV version 1.0 (Vekemans 

et al., 2002) to calculate the genetic distance among isolates. The distance matrix 

was subjected to UPGMA cluster analyses using the NEIGHBOR application from 

the PHYLIP software package. The cladograms were visualized in MEGA7 (Kumar 

et al., 2016) and strains were selected according to their genetic diversity. 

 

Susceptibility to antibiotics 

Selected S. aureus strains by ERIC-fingerprinting were subjected to antibiotic 

susceptibility testing using the disk diffusion method. Briefly, 0.1 mL of a bacterial 
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solution (0.85% saline NaCl solution, McFarland 0.5 ≈ 10⁸ CFU) was streaked 

uniformly on Mueller-Hinton agar (MHA) supplemented with 2% NaCl (MHA+2% 

NaCl) using a sterile cotton swab. After placing the disks on the agar surface, plates 

were incubated at 35 ± 2 °C for 24 h. For the interpretation of the results, the criteria 

of the Clinical and Laboratory Standard Institute (CLSI, 2020) was used. For 

susceptibility to cefoxitin, disks containing 30 µg were used (CLSI 2020). 

Twelve antibiotics from ten different classes were examined: oxacillin, cefoxitin, 

penicillin, erythromycin, clindamycin, trimethoprim-sulfamethoxazole, ceftaroline, 

oxytetracycline, vancomycin, chloramphenicol, ciprofloxacin and gentamicin. 

 

Characterization of plant extracts 

The following extracts were evaluated: oregano essential oil (EO) (chemotype 

carvacrol, 99.9% of carvacrol; R.C. Treatt & Co Ltd, Suffolk, UK), grape pomace 

extract (Carmenere, Merlot and Syrah) and chestnut shell extract. Quantification of 

total phenolic compounds content of grape pomace and chestnut shell extracts was 

carried out following the method of Singleton et al. (1999), a modification of the Folin-

Ciocalteu method. In this procedure, the Folin-Ciocalteu reagent and 20% (m/v) 

sodium carbonate solution were used. The absorbance of the samples was 

measured at 765 nm using a microplate multilector. The results obtained were 

expressed as Gallic Acid Equivalents per gram of extract (GAE/g extract). 

 

Susceptibility to plant extracts 

Oregano EO was prepared in absolute ethanol (99.8%; Merck, Darmstadt, 
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Germany) to obtain a concentration of 5%. Chestnut shell extract was prepared with 

absolute ethanol to reach a concentration of 40%. Grape pomace extract was tested 

in ethanol:distilled water at 60:40 v/v.  

Plant extracts were sterilized using a 0.22 µm filter (EDLAB CA Syringe Filter). Then, 

the antimicrobial activity of these agents was evaluated by the disk diffusion method 

using sterile paper disks (Whatman No. 1, 6 mm diameter) according to the 

procedure described by Rota et al. (2008). 

Bacterial suspensions were prepared in trypticase soy broth (TSB) with an optical 

density of 0.1 (OD600 = 0.1) measured in a UV/VIS spectrophotometer (BioTek 

Epoch Microplate Spectrophotometer, Epoch Life Science, Inc., USA). Then, a 

volume of 0.1 mL of this suspension was inoculated onto TSA plates. 

Sterile disks impregnated with 15 µL of each plant extract solution were placed on 

the inoculated plates, followed by an incubation at 35±2 °C for 24 h. The inhibition 

criteria (including disk diameter) were as follows: an inhibition zone ≥20 mm 

indicated strong inhibition; between <20 and 12 mm, moderate/slight inhibition; and 

<12 mm indicated lack of inhibition (Rota et al. 2008). The minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) were 

determined by the dilution method according to Rota et al. (2004). 

Isolates were inoculated on TSA agar plates and incubated at approximately 35±2 

°C for 24 h. The colonies were then transferred to trypticase soy broth (TSB) in 2 

mL Eppendorf tubes (OD600=0.1). An aliquot of this solution was inoculated into 

serial dilutions of each plant extract in triplicate. Ethanol and distilled water were 

used as controls to validate the results. After inoculation, plates were incubated for 

24 h at 35±2 °C. After incubation, the OD was read and samples with an OD equal 
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to or higher than the initial OD were selected and inoculated on TSA agar plates and 

incubated for 24 h at 35±2 °C to allow growth in triplicate. 

 

Statistical analysis 

The Chi-square method or Fisher's exact test was used to determine the differences 

in the prevalence of S. aureus between different type of samples taken from the 

poultry production chain (P≤0.05) (Moore, 2007). The sizes of inhibition zones were 

assessed using descriptive statistics. These criteria were based on the approach by 

Rota et al. (2008). 

 

Results 

 

Table 1 shows the prevalence of Staphyloccocus aureus in the poultry production 

chain. The prevalence of Staphylococcus aureus in poultry was 13.64% (48/356). 

These positive samples were distributed among 14 isolates from animals, 15 from 

raw meat, and 19 from eggs. No statistically significant differences (P>0.05) were 

found between the types of samples. Comparative analyses revealed significant 

differences within sample subgroups (P≤0.05). 

Eight S. aureus strains were selected according to the genetic diversity determined 

by the ERIC fingerprinting (Suppl. data S3). 

Table 2 shows the resistance profile of S. aureus strains isolated from the poultry 

production chain to antibiotics. Six strains exhibited resistance, one was obtained 

from skin samples, three from eggs, and two from meat. 
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The compound with the highest concentration of phenolic compounds was, 

Carvacrol in oregano EO (99.9%). As for grape pomace, Cabernet Sauvignon 

extract had the highest content of phenolic compounds (316.97 ± 22.57 mg GAE/g), 

followed by Carmenere (280.31 ± 8.84 mg GAE/g), and Merlot (259.75 ± 5.74 mg 

GAE/g). Grape pomace extracts of cabernet and merlot grape varieties did not show 

any biological activity against S. aureus strains. A significant higher concentration 

of phenolic compounds was obtained with chestnut shell extract, with 181.93 ± 

13.10 mg GAE/g. 

The chestnut shell extract showed a moderate inhibition activity against S. aureus 

strains (Table 2). Oregano EO, presented inhibitory activity against all S. aureus 

strains, with halos ≥20 mm, classified as strongly inhibitory activity. The MIC of 

oregano EO ranged from 0.0015 to 0.003% and the CMB ranged from 0.003 to 

0.00625%. The MIC of chestnut shell extract ranged from 18.75 to 75 mg/mL and 

the CMB ranged from 37.5 to 150 mg/mL (Table 3). 

 

Discussion 

 

The findings in this study highlight the presence of S. aureus throughout the poultry 

chain, raising significant concerns regarding food safety and public health. This 

study identified significant differences in the prevalence of S. aureus within specific 

subgroups of the poultry and egg production chain, with a higher prevalence in 

conventional than cage-free system, and a higher prevalence in non-packaged than 

packaged meat (Table 1). Thus, identifying the distribution and potential risk factors 
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associated with S. aureus contamination within the poultry production chain could 

allow the application of more effective control measures. In addition, a high 

prevalence of S. aureus in chicken meat has been observed in various geographical 

regions, highlighting the global significance of this issue. For instance, a study 

conducted in Egyptian markets revealed that 91.3% of chicken meat was 

contaminated with S. aureus, with an alarming 81.8% of isolates exhibiting multidrug 

resistance (MDR) (Eldin et al., 2023). In addition, in the markets of Ulaanbaatar, 

Mongolia, 35% of raw chicken meat samples were contaminated with S. aureus 

(Dorjgochoo et al., 2023). Similarly, studies in China have identified the presence of 

S. aureus in ready-to-eat foods, with a positivity rate of 12.5% (Yang et al., 2016). 

Therefore, the prevalence of S. aureus is a common problem in various food chains, 

underscoring the pressing need for improved food safety practices to control the 

spread of this pathogenic bacterium. 

In this study, MDR strains (resistance to three or more classes of antibiotics) were 

identified in animals, eggs and meat (Table 2). In a study, conducted in Yunnan, 

China, which examined samples of two types of traditional Chinese cheese, Rubing 

and Rushan, 34.78% (8 of 23) of the isolates exhibited MDR (Adhita Sri 

Prabakusuma et al., 2021). These results underscore the urgent need to implement 

more rigorous production practices and promote responsible antibiotic use. 

It has been evidenced that phenolic compounds have the ability to act against 

pathogenic bacteria (Franco et al., 2022). Essential oils, due to their variability in 

chemical composition influenced by environmental and production factors, exhibit 

remarkable antibacterial properties attributed to compounds such as carvacrol and 

thymol (Turchi et al., 2018). Oregano EO contains high levels of carvacrol and 
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thymol, accounting for 78-85% of its fundamental chemical composition, giving it 

significant antioxidant and antimicrobial properties (Bagher and Mousavi, 2017), 

which was also observed in this study with the high inhibition of S. aureus strains 

(Table 2). 

Chestnut shells are a by-product of the chestnut processing and have been found 

to harbor various molecules with beneficial properties, such as phenols, flavonoids, 

triterpenes, sugars, tannins, and brown pigments (Shao et al., 2023), which could 

be responsible of the inhibitory activity of chestnut shell extract observed in this 

study (Table 2). These molecules possess antioxidant, antibacterial and anti-

inflammatory capabilities, which underline their relevance as a valuable source of 

bioactive compounds. Grape pomace, obtained from the wine production, is 

composed of the skins and seeds. The classification of phenolic compounds 

present in grape pomace includes phenolic acids and flavonoids. However, several 

authors have also reported that grape pomace extracts do not show biological 

activity against Gram-positive bacteria (Table 2). For example, Alves et al. (2013) 

found no antimicrobial effect of grape skin extracts against certain pathogenic and 

food-borne spoilage bacteria, including S. aureus and B. cereus. Similar results 

were presented by Luchian et al. (2019) when evaluating the antibacterial activity 

of pomace extract from seven different grape varieties, observing a high antioxidant 

capacity but a negligible inhibitory effect on S. aureus. It is crucial to note that the 

bioactive properties of grape pomace extracts depend on their polyphenolic 

composition, which can vary according to the type of grape used, its geographical 

origin and the wine production method (Gerardi et al., 2021). 

Bobrowski et al. (2023) reported the biological activity of chestnut shell extracts 
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against Gram-positive bacteria, including Bacillus cereus, Listeria monocytogenes 

and S. aureus, with MIC 0.3 mg/mL and MBC >10 mg/mL, lower than the MIC and 

MBC obtained in this study (Table 3). In addition, Lee et al. (2022) evaluated 

chestnut inner shell extract effect against S. aureus using different solvents for 

extraction, water and 70% ethanol, obtaining MIC and MBC of 8 mg/mL for water 

and MIC of 8 mg/mL for 70% ethanol. These findings on the antimicrobial properties 

of chestnut shells offer a promising natural alternative to mitigate the presence of 

pathogenic bacteria such as S. aureus in poultry products. The application of these 

bioactive compounds could be crucial to strengthen food safety measures and 

decrease the risks associated with the presence of dangerous microorganisms. 

In this study, the MIC of oregano EO ranged from 0.0015% to 0.003% (Table 3). 

This differs with previous studies, which reported different MIC and MBC values 

(Hao et al., 2021; Carhuallanqui et al., 2020). Lofa et al. (2019), determined MIC 

values ranging from 0.01% to 0.02% and MBC values from 0.04% to 0.08% in 

antibiotic-resistant strains of S. aureus of swine origin. Therefore, the efficacy of 

oregano EO against antibiotic-resistant strains can vary and depends on different 

factors.  

The main mechanisms of action of plant polyphenols is their ability to modify 

bacterial cell membrane permeability, affecting various metabolic and growth 

processes (Wang et al., 2023). 

 

Conclusions 

 

S. aureus and antibiotic-resistant strains are present in the poultry production 
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chain, indicating that there are sources of contamination at different stages. 

Plant extracts have antimicrobial effect against antibiotic-resistant S. aureus 

isolated from the poultry production chain, such as oregano EO with a high 

inhibitory activity, and chestnut shell extract with a moderately inhibitory activity on 

some strains. 
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Table 1. Prevalence of Staphylococcus aureus isolated from poultry production 

chain. 

Type of sample No. of samples Positive samples of S. aureus 

(prevalence) 

Animals 120 14 (  3.93%) 

Conventional   50 11 (22.00%) a 

Cage-free   70   3 (  4.29%) b 

Meat   98 15 (  4.21%) 

Packaged   73   8 (10.96%) a 

Non-packaged   25   7 (28.00%) b 

Eggs 138 19 (  5.35%) 

Conventional 102 18 (17.65%) a 

Cage-free   36   1 (  2.78%) b 

Total 356 48 (13.64%) 

Different letters indicate significant differences (Chi-square / Fisher tests, P ≤ 0.05). 

 

 

 

 

 

 

 

 

 

  



 

Table 2. Antibiotic-resistance profile and inhibitory activity of plant extracts against Staphylococcus aureus strains from 

poultry production chain. 

Strains Origin Resistance profile 
Inhibition halo diameter (mm) 

Oregano Grape pomace Chestnut shell 

1 (skin) Conventional Susceptible ≥20 -   8.43 ± 0.71  

2 (skin) Cage-free PEN-TET-CLO ≥20 -   9.59 ± 0.76 

3 (egg) Conventional TSX-CLO-CIP ≥20 -   8.85 ± 1.94 

4 (egg) Cage-free TSX ≥20 -   9.64 ± 1.74 

5 (egg) Conventional Susceptible ≥20 - 12.16 ± 4.04 

6 (egg) Conventional TET ≥20 -   9.84 ± 1.74 

7 (meat Non-packaged PEN-OXA-FOX-TET-TSX- DA-ERY-CLIP ≥20 - 12.19 ± 2.58 

8 (meat) Non-packaged PEN-OXA-FOX-CEF-TET- DA-ERY ≥20 -   8.97 ± 0.91 

PEN: Penicillin, OXA: Oxacilin, FOX: Cefoxitin, ERY: Erythromycin, VAN: Vancomycin, GEN: Gentamicin, TSX: 

Trimethoprim sulfamethoxazol, CLO: Chloramphenicol, TET: Tetracycline, CEF: Ceftaroline, DA: Clindamycin, CIP: 

Ciprofloxacin. 
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Table 3. Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) of plant extracts in Staphylococcus aureus strains from poultry 

production chain. 

Strains 

MIC MBC 

Oregano 

(%) 

Chestnut shell 

(mg/mL) 

Oregano 

 (%) 

Chestnut shell 

(mg/mL) 

1 (skin)     0.0030 37.50    0.0625      37.5 

2 (skin)     0.0015 37.50    0.0030                         75.0 

3 (egg)     0.0015 75.00    0.0030              150.0 

4 (egg)     0.0015 37.50    0.0030                         37.5 

5 (egg)     0.0030 18.75    0.0030                        37.5 

6 (egg)     0.0015 75.00    0.0030                         75.0 

7 (meat     0.0015 75.00    0.0030                       150.0 

8 (meat)     0.0015 75.00    0.0030                         75.0 
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Supplementary data 

Capítulo 2 

 

Suppl. data S1. Sample size determination.  

Type of 

sample 
Sampling place 

No. 

samples 

Prevalence of 

antibiotic-resistant 

bacteria 

Author 

  Animals 

(skin) 

Farms    107 0.075 El-Adawy 

et al. 

(2016) 

  Poultry 

meat 

Supermarkets/Butcher 

shops 

     98 0.068 Boost et 

al. (2013) 

  Eggs Farms/Supermarkets    133 0.096 Pondit et 

al. (2018) 

Total  ≥ 338   
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Supplementary data 

Capítulo 2 

 

Suppl. data S3. Dendrogram S. aureus (ERIC-Fingerprinting PCR). 
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Abstract 

Aim: To determine the susceptibility of Salmonella spp. strains of poultry origin to 

antibiotics, and to oregano essential oil (EO) (Origanum vulgare L.), chestnut shell 

extract (Castanea Sativa) and grape pomace extract (Vitis vinifera). 

Methods and Results: Samples were taken from hens and broiler chickens (cloacal 

swabs) (n=120), poultry meat (n=98) and eggs (n=138). Salmonella spp. was 

isolated using selective enrichment and culture method and the confirmation by PCR 

(identification of hilA gen). Strains were selected according to the genetic diversity 

by ERIC-fingerprinting PCR. Antibiotic and plant extracts susceptibility was 

determined using the disk diffusion method, and the minimum inhibitory (MIC) and 

minimum bactericidal concentration (MBC) by the dilution method. The total 

prevalence of Salmonella spp. was 6.53% (23/356), and only meat samples were 

positive, with a higher prevalence in packaged meat (P ≤ 0.05). All selected strains 

were multidrug resistant (MDR). Oregano EO and chestnut shell extract had 

antibacterial activity against Salmonella spp. isolates. However, grape pomace 

extract did not exhibit inhibitory activity. 

Conclusions: Oregano EO and chestnut shell extract have inhibitory activity against 

Salmonella spp. strains of poultry origin, with no effect with grape pomace extract. 

Impact statement: This study provides information on the prevalence of Salmonella 

spp. strains in poultry and on the potential use of plant extracts to control antibiotic-

resistant Salmonella spp. strains in the poultry supply chain. 

 

Keywords: antimicrobial resistance (AMR), poultry, oregano essential oil (EO), 

chestnut shell, grape pomace
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Introduction 

 

Antimicrobial resistance (AMR) is a public health threat worldwide, resulting in 2019 

in 1.27 million deaths. Antibiotic resistance arises from the misuse and overuse of 

antibiotics, causing susceptible bacteria death, allowing resistant ones to persist and 

reproduce (WHO, 2023; AGDOH, 2023). Antibiotic-resistant pathogenic bacteria 

show a low response to treatments, generating complications (Chis et al., 2022). 

Salmonella spp., is generally found in soils, water and digestive systems of animals 

and humans, and can interact with antibiotics, generating selective pressure in the 

environment. This interaction can promote genetic exchange with other 

microorganisms (Fernandez et al., 2021). The presence of Salmonella spp, mainly 

of fecal origin, in poultry meat during processing, handling, marketing and storage 

can cause diseases in humans (salmonellosis). Salmonella spp. and E. coli are the 

main bacterial agents associated with intestinal infections linked to poultry products 

(López et al., 2021). 

Although it is not part of the typical bacterial flora of human skin and mucous 

membranes, it acts as an opportunistic pathogen, triggering various infections in 

humans and animals, such as gastroenteritis, typhoid fever and septicemia (Shen et 

al., 2020). During the last years, significant progress has been made in the search 

for alternatives to classical antibiotics in various sectors. Various natural alternatives, 

such as probiotics, bacteriocins, antioxidants, and plant-derived chemical 

compounds, have been examined in the food and veterinary industry. Among these 

options, plant extracts have demonstrated benefits, such as their antioxidant and 

antimicrobial properties in some cases (Heredia et al., 2022). 
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Studies suggest that plant phytochemicals offer a promising alternative against 

multidrug resistant (MDR) Salmonella spp. These compounds target resistance 

factors such as efflux pumps, membrane proteins and biofilms (Almuzaini, 2023). In 

addition, plant phytochemicals have economic benefits by reducing the costs of 

synthesis and purification of antimicrobial compounds. Their versatility in action 

against multiple bacterial targets may also delay the emergence of resistance (Khare 

et al., 2021). 

Some plants can produce phenolic compounds as secondary metabolites in 

response to environmental stress or as a mechanism of defense against pathogens. 

In addition, upon injury or stress, plants rapidly increase the synthesis of these 

compounds to promote wound healing and repair (Hu et al., 2022). Several types of 

phytochemicals, including alkaloids, phenols, coumarins, and terpenes, have been 

shown to be effective inhibitors against MDR pathogens, as proven in previous 

studies (Suganya et al., 2022). 

The safety of poultry products is a major concern. According to a study published in 

Current Clinical Microbiology Reports, pre-harvest food safety interventions are 

crucial to control foodborne pathogens in chickens (reduce the prevalence of flocks 

contaminated with a specific pathogen and reduce the concentration of a pathogen 

in broilers belonging to contaminated flocks) (Pessoa et al., 2021). In addition, the 

poultry industry faces significant challenges, including the need to ensure the safety 

of poultry products following the COVID-19 outbreak (Hafez & Attia 2020). 

Therefore, the aim of this study was to determine the prevalence and susceptibility 

of Salmonella spp. strains of poultry origin to antibiotics, and to plant extracts: 

essential oil (EO) of oregano, chestnut shell extract and grape pomace extract. 
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Materials and methods 

 

Sampling 

A total of 356 samples were obtained from the poultry chain (animals, eggs, meat) 

between December 2021 and January 2022. Samples were taken from different 

stages of the poultry meat and egg production chain, in region of Ñuble and región 

of Biobío, Chile. Sample size (Suppl. data S1) was determined using equation 1 

(Moore, 2007). 

n ≥ (
z

m
)
2

× p
∧
(1 − p

∧
)  (1) 

 

Where n is the sample size, z is the standard score in the normal distribution 

frequency, m corresponds to the margin of error and p
∧
, is the prevalence of 

pathogens presenting AMR obtained in other studies. The confidence level of the 

interval corresponds to 95%, with z=1.96 and m= 0.05 (considering an interval no 

greater than 10%). 

Cloacal swabs samples were collected from laying hens and broiler chicken in farms 

(n = 120); samples from whole and cut-up chicken meat were purchased in 

supermarkets, butcher shops and retail stores (meat) (n = 98); and swabs samples 

from eggs surface was obtained in farms, and from eggs purchased in supermarkets 

and retail stores) (n = 138). The legal and ethical approval was obtained from the 

Ethics, Bioethics and Biosecurity Committee of the University of Concepcion, Chile, 

prior to conducting sampling (Suppl. data S2). Samples were immediately 
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transported at 4°C and processed. 

 

Salmonella isolation  

The isolation of Salmonella spp. was carried out by selective enrichment and culture 

method. Briefly, swab samples were immersed in 10 mL of sterile buffered peptone 

water (BPW), and meat samples (25 g) with MHB +6.5% NaCl (225 mL) were placed 

into a sterile filter bag and homogenized using a laboratory blender (BagMixer400 

P; Interscience, St. Nom, France) at 8 strokes per second for a duration of 90 

seconds. The enrichment was then incubated for 24 h at 35±2°C. After incubation, 

the enrichment was cultured on Xylose-Lysine-Deoxycholate agar (XLD) and 

incubated for 48 h at 35±2°C. Presumptive positive colonies (black color with red 

halo) were selected and streaked on trypticase soy agar (TSA) and incubated for 24 

h at 35±2 °C. Presumptive Salmonella spp. colonies were stored at -80°C in 

cryotubes containing brain heart infusion broth (BHI) with 20% glycerol. 

 

DNA Extraction 

DNA from presumptive Salmonella spp. strains was extracted using the boiling the 

method proposed by Ngamwongsatit et al. (2008). Briefly, each strain was streaked 

on TSA and incubated for 24 h at 35±2°C. Then, 1 to 3 colonies were inoculated into 

1 mL of trypticase soy broth (TSB) and centrifuged at 5000 x g for 2 min (Prism R™ 

Refrigerated MicroCentrifuge; Labnet;EE. UU.). The pellet was resuspended in 500 

µL of DNA/RNAase-free H2O and centrifuged at 5000 x g for 2 min. Subsequently, 

the pellet was resuspended in 100 µL of DNA/RNAase-free H2O and kept at 100°C 
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for 10 min (AccuBlock™ digital dry baths; Labnet;EE. UU.) followed by centrifugation 

at 1000 x g for 5 min. The resulting supernatant was stored at -20°C. DNA 

concentration was adjusted at A260/A280 = 1.8 – 2.0 (10 – 100 ng /mL). 

 

Identification/confirmation of Salmonella 

PCR was used to confirm Salmonella, identifying the hilA gene (transcriptional 

activator of invasion genes, 784 bp). The primers (sequences) were hilA 1 (5’ CGG 

AAC GTT ATT TGC GCC ATG CTG AGG TAG 3’) and hilA 2 (5’ GCA TGG ATC 

CCC GCC GGC GAG ATT GTG 3’). To carry out the PCR reactions, a volume of 25 

µL was used, including 2 µL of DNA template (<250 ng), 8.6 µL 0.7X GoTaq Master 

Mix (200 µM dNTPs, 3 mM MgCl2), 1 µL primers (0.5 µM) from Integrated DNA 

Technologies Inc. (Coralville, IA, USA). PCR conditions were adjusted following the 

protocol described by Velasquez et al. (2018) using a thermocycler (Labnet™ 

Thermocycler MultiGene™ OptiMax TC9610-230, Hamburg, Germany). 

Subsequently, 10 µL of the obtained products were loaded on 1.5% agarose gels in 

1X TAE with 10 µL SafeView as DNA-intercalating dye. A molecular weight marker 

100-bp ladder (Maestrogen, Inc., Las Vegas, NV, USA) was included in each gel.  

Control positive-Salmonella ATCC 13076, control negative - S. aureus ATCC 25923 

were included. Electrophoresis was carried out at 100 V in TAE 1X for 1.5 h.  Bands 

were visualized using a UV transilluminator at 312 nm (BIOTOP TU1002; Shangai 

Bio-Tech Co. Ltd. Shangai, China).  
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ERIC-Fingerprinting PCR for Salmonella 

The genetic diversity of the confirmed isolates of Salmonella spp. was assessed at 

the strain level by ERIC-PCR molecular fingerprinting using the primers Eric1R and 

Eric2F (ERIC1R: 5’ ATGTAAGCTCCTGGGGATTCAC 3’; ERIC2F: 5’ 

AAGTAAGTGACTGGGGTGAGCG 3’) (Versalovic et al., 1991).  Reference strains 

of Salmonella enterica subsp. enterica ATCC 13076 was used as positive control, 

while Staphylococcus aureus ATCC 43300 was used as negative control. Genomic 

DNA from reference strains was obtained using E.Z.N.A.® Tissue DNA Kit (Omega 

Bio-Tek) according to the manufacturer´s instructions. 

The ERIC PCR mix was performed using 2.0 µL of 50 ng DNA template, 1.25 µL of 

forward and reverse primers 10µM, 12.5 µL of GoTaq® Colorless Master Mix 

(Promega) and 9.5 µL of nuclease free grade water (Promega) to total 25 µL. The 

reaction mixture was held at 94°C for 4 minutes, followed by 35 cycles at 94°C for 1 

min, 25°C for 1 min and 72°C for 4 min with a final hold at 72°C for 5 min (Lamas et 

al., 2016).  

The PCR products were electrophoresed in 2% (w/v) agarose gels with a previous 

standardization of the DNA content for each sample. Each lane was charged with a 

mix of 15 µL of PCR product and 3 µL of loading dye supplemented with SafeView 

Plus DNA gel stain 20,000X (Fermelo Biotec). The marker used was 100 bp Plus 

DNA ladder (Maestrogen). Electrophoresis was carried out in tanks buffered with 

1xTAE (40mM Tris-Acetate, 1mM EDTA, pH 8.0) at 100V for 3 h. Bands were 

visualized in a UV transilluminator at 320 nm. 

The banding patterns were manually analyzed to scan for the presence of PCR 
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products of specific molecular sizes using the Gerding et al., (2013) protocol.  A 

binary matrix was constructed with the scores 1 or 0 for the presence or absence of 

a band at each molecular size. The matrix was then analyzed with AFPL SURV 

version 1.0 (Vekemans et al., 2002) to calculate the genetic distance among isolates. 

The distance matrix was then subjected to UPGMA cluster analyses using the 

NEIGHBOR application from the PHYLIP software package. The cladograms were 

visualized in MEGA7 (Kumar et al., 2016) and strains were selected according to 

their genetic diversity (Suppl. Data S3). 

 

Susceptibility to antibiotics 

Selected Salmonella spp. strains by ERIC-fingerprinting were subjected to antibiotic 

susceptibility testing using the disk diffusion method. Briefly, 0.1 mL of a bacterial 

solution (0.85% saline NaCl solution, McFarland 0.5 ≈ 10⁸ CFU) was streaked on 

Mueller-Hinton agar (MHA) using a sterile cotton swab. After placing the discs on 

the agar surface, the samples were incubated at 35 ± 2 °C for 24 h. For the 

interpretation of the results the criteria indicated by the Clinical and Laboratory 

Standard Institute (CLSI, 2020) was used.  

Seven antibiotics covering seven different classes were examined: ampicilin, 

ceftaroline, gentamicin, ciprofloxacin, trimethoprim-sulfamethoxazole, 

chloramphenicol, oxitetracycline. 

 

Characterization of plant extracts 

The following extracts were evaluated: oregano essential oil (EO) (R.C. Treatt & Co 
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Ltd, Suffolk, UK), grape pomace extract (Carmenere, Merlot and Syrah from region 

of Maule, Chile.) and chestnut shell extract. Quantification of total phenolic 

compounds content of grape pomace and chestnut shell extracts was carried out 

following the method of Singleton et al. (1999), a modification of the Folin-Ciocalteu 

method. In this procedure, the Folin-Ciocalteu reagent and a 20% (m/v) sodium 

carbonate solution was used. The absorbance of the samples was measured at a 

wavelength of 765 nm using a microplate multilector. The results obtained were 

expressed as Gallic Acid equivalents per gram of extract (GAE/g extract). 

 

Susceptibility to plant extracts 

Oregano EO was prepared in absolute ethanol (99.8%; Merck, Darmstadt, 

Germany) to obtain a concentration of 5.0%. Grape pomace extract was tested in 

ethanol-distilled water concentrations at a 60:40 v/v ratio. While the chestnut shell 

extract was prepared with ethanol to reach a concentration of 40%. Ethanol 

(Emsure®, Merck) was used as a control. 

Plant extracts were sterilized using a 0.22 µm filter (EDLAB CA Syringe Filter). 

Then, the antimicrobial activity of these agents was evaluated by the disk diffusion 

method using sterile paper disks (Whatman No. 1, 6 mm diameter) according to the 

procedure described by Rota et al. (2008). 

Bacterial suspensions were prepared in trypticase soy broth (TSB) with an optical 

density of 0.1 (OD600 = 0.1) measured in a UV/VIS spectrophotometer (BioTek 

Epoch Microplate Spectrophotometer, Epoch Life Science, Inc., USA). Then, a 

volume of 0.1 mL of this suspension was inoculated onto TSA plates. Sterile discs 
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impregnated with 15 µL of each NA solution (oregano EO 5.0%, chestnut shell 40%, 

grape pomace 60/40% v/v) were placed on the previously inoculated plates, which 

were incubated at 35 ± 2 °C for 24 h. The inhibition criteria used for natural agent 

susceptibility testing (including disk diameter) were as follows: an inhibition zone 

≥20 mm indicated strong inhibition; between <20 and 12 mm, moderate/slight 

inhibition; and <12 mm indicated lack of inhibition (Rota et al. 2008). The minimum 

inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) were 

determined by the dilution method according to Rota et al. (2004) 

Samples were inoculated on TSA agar plates and incubated at approximately 35 ± 

2 °C for 24 h. The sample was then transferred from TSA agar plates to trypticase 

soy broth (TSB) in 2 mL Eppendorf tubes, adjusted to an optical density (OD) of 

0.1. An aliquot of this solution was inoculated into each dilution (0.5%, 0.25%, 

0.125%, 0.06%, 0.03%, 0.015% and 0.007%) of the prepared plant extract in 

triplicate (Oregano EO 5%, chestnut shell 40%, grape pomace 60/40% v/v). Ethanol 

solutions and blanks were used as controls to validate the results obtained. After 

inoculation, the sample was mixed and the initial O.D. was recorded before 

incubating the covered plates for 24 h at 35 ± 2 °C. After incubation, the O.D. was 

read again and samples with an O.D. equal to or higher than the initial one was 

selected and inoculated on TSA agar plates and incubated for 24 h at 35 ± 2 °C to 

allow growth.  

 

Statistical analysis 

The Chi-square method or Fisher's exact test was used to determine the differences 
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in the prevalence of Salmonella between different type of samples taken from the 

poultry production chain (P≤0.05) (Moore, 2007). Differences in the sizes of 

inhibition zones were assessed using descriptive statistics. These criteria were 

based on the approach by Rota et al. (2008). 

 

Results 

 

Table 1 shows the prevalence of Salmonella spp. strains isolated from the poultry 

production chain. Salmonella spp. positive samples were found only in meat 

samples. The total prevalence of Salmonella spp. was 6.53% (23/356).  

Three Salmonella spp. strains were selected according to the genetic diversity 

determined by the ERIC fingerprinting (Suppl. data S3). Table 2 shows antibiotic 

resistance profile of selected Salmonella spp. strains isolated from the poultry 

production chain. 

Selected Salmonella spp. strains exhibited multidrug resistance (MDR), indicating 

their ability to resist three or more classes of antibiotics. 

The compound with the highest concentration was carvacrol in oregano EO. As for 

grape pomace, Cabernet Sauvignon extract had the highest content of phenolic 

compounds (316.97 ± 22.57 mg GAE/g), followed by Carmenere (280.31 ± 8.84 mg 

GAE/g), and Merlot (259.75 ± 5.74 mg GAE/g). No biological activity against 

Salmonella spp. strains was observed in grape pomace extracts. A significant higher 

concentration of phenolic compounds was obtained with chestnut shell extract, with 

181.93 ± 13.10 mg GAE/g. 

The inhibitory activity of chestnut shell extract was moderate against Salmonella 
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spp. strains (Table 3). 

Oregano essential oil exhibited inhibitory activity against all Salmonella spp. strains 

with halo diameters ≥20 mm, classifying as strong inhibitory activity (Table 3). 

Both MIC and MBC of oregano EO in the three Salmonella strains evaluated were 

0.0015 %, as indicated in Table 3. 

Chestnut shell MIC ranged from 37.5 to 75 mg/mL, while CMB ranged from 75 to 

150 mg/mL, as detailed in Table 3. 

 

Discussion 

 

In this study, the prevalence of Salmonella spp. in poultry was 6.53%. These 

positive samples were distributed into 22 isolates from packaged meat, 1 isolate 

from unpackaged meat, and no positive samples from animals or eggs. Among 

these samples confirmed as Salmonella, only three genetically distinct strains were 

identified by ERIC fingerprinting analysis. These results highlight the presence of 

Salmonella spp. in the poultry chain, raising significant concerns in terms of food 

safety and public health. The contamination of packaged meat could have occurred 

at stages prior to packaging, such as during slaughtering, meat handling or due to 

inadequate storage and transportation conditions. During handling, meat may be 

exposed to various sources of contamination, such as contaminated equipment, 

surfaces, or hands. Additionally, if proper hygiene and temperature control 

conditions are not maintained during storage and transportation of the products, 

there is a significant risk of bacterial proliferation, including that of Salmonella spp. 
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These inadequate conditions could allow pathogens present in the environment to 

contaminate the meat, there by contributing to the presence of Salmonella spp. in 

the samples of packaged meat. 

There are domestic and international legislation, that guarantee food safety in 

poultry production. According to National Health Service (2016) the Food Sanitary 

Regulation, in raw poultry meat, a maximum of up to 107 CFU (Colony Forming 

Units) per gram is allowed. According to the FAO and WHO (2023), it is suggested 

that no single measure is sufficient to effectively control Salmonella spp. in broilers 

and poultry meat. The importance of multifaceted control strategies is emphasized. 

These strategies, supported by the revised Codex Guidelines (CXG 78-2011), are 

key to ensuring the safety of poultry products. 

It is relevant to note that other studies have identified Salmonella spp. in different 

food categories. For example, in one study (Corredor et al., 2021), Salmonella spp. 

prevalence of 0.1%, 0.2%, 13.7%, 0.1%, and 0% was reported for fruits, leafy 

vegetables, ready-to-eat (RTE) salad-related mixed vegetables, root vegetables, 

and tomatoes, respectively, and in chicken meat, 17.41%. Also, this study, identified 

14 different serotypes of Salmonella in chicken meat, the most common being S. 

paratyphi, S. hvittingfoss and S. muenster (López et al., 2023). 

Regarding eggs, a study in Bogota, Colombia, found a 9.4% prevalence of 

Salmonella. In addition, significant variability in the prevalence of Salmonella in 

eggs has been observed, with studies in Uruguay, India and elsewhere reporting 

values ranging from 5.5% to 9.4% (Castañeda et al., 2017). These results highlight 

the importance of considering various food categories when assessing the 

presence of Salmonella spp. in the food chain. 
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As for eggs, the absence of Salmonella on their surface can be due to several 

reasons. Firstly, Salmonella is not a pathogen of dry environments (Shaji et al., 

2023), which could hinder its survival on the surface of eggs. Additionally, eggs 

possess natural antimicrobial compounds that can inhibit the growth of Salmonella 

(Whiley and Ross, 2015; Ricke et al., 2018). These combined factors could explain 

why Salmonella spp. was not found on the surface of the eggs in this study. 

In the case of animals, especially chickens, the absence of Salmonella spp. can be 

attributed to effective management measures implemented in the farms to control 

this disease. Salmonella is a significant disease in chickens, and therefore, rigorous 

protocols have been established for its management in farms (Shaji et al., 2023). 

This suggests that the sampling locations are well managed, which could explain 

the absence of Salmonella in the animals. In addition, in this study, it is important 

to note that Salmonella was not detected in the cloaca, the section that was 

sampled. While it is true that Salmonella can colonize various parts of the 

gastrointestinal tract of birds, including more internal sections, it's important to note 

that the cloaca is considered a representative sampling location for the detection of 

Salmonella in birds. This is because it serves as one of the main excretion routes 

of the bacterium. In addition, this study identified three multidrug-resistant (MDR) 

strains within the poultry chain. These strains, detected in meat samples, exhibited 

resistance to three or more types of antibiotics, highlighting the risk of multi-

resistance in the poultry industry. Other studies have also identified the presence 

of multidrug-resistant Salmonella strains in the poultry supply chain. In evaluations 

of antibiotic resistance in both chickens and pigs, significant rates of MDR were 

detected in Salmonella spp. isolated from chickens, reaching 81.1%. This 
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resistance included sulfisoxazole (76.1%), tetracycline (75.3%), ampicillin (48.0%), 

and ofloxacin (44.7%) (Castro et al., 2020). Similarly, a study conducted in Ethiopia 

found that 96.77% of Salmonella strains isolated from poultry products exhibited 

antimicrobial resistance (Asefa and Duga, 2022). These findings corroborate the 

concerning prevalence of MDR observed in Salmonella spp. isolated from chickens, 

with a rate of 73.2% multidrug resistance (Rodríguez, 2019).  

Interest in natural by-products as antimicrobial agents is increasing. Despite the 

presence of phenolic compounds in grape pomace, no antimicrobial effect was 

observed. This viticultural by-product is characterized as a rich source of flavonoid 

phenols, such as anthocyanins, flavanols, flavonols and tannins, as well as non-

flavonoid phenols, including phenolic acids, according to the classification proposed 

by Ramirez and DeWitt (2014). Although the literature highlights the antibacterial 

potential of grape pomace extracts against various foodborne pathogenic bacteria 

(Sanhueza et al., 2014), several studies indicate an absence of biological activity 

against Gram-negative bacteria. For example, Filocamo et al. (2015) demonstrated 

the efficacy of white grape juice extracts against various Gram-positive bacteria; 

however, these extracts had no impact on the growth of Gram-negative bacteria, 

including S. typhi. Similar results were reported by Xu et al. (2015) when evaluating 

the antibacterial activity of grape pomace. All extracts exhibited antibacterial activity 

against L. monocytogenes and S. aureus (gram-positive bacteria), but no 

antibacterial activity was detected against E. coli O157:H7 and S. typhimurium 

(gram-negative bacteria). This may be attributed to the cell membrane composition 

of gram-negative bacteria. They possess an additional protective outer membrane, 

which might render them more resilient to phenolic compounds (Tirado et al., 2021). 
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In addition, phenolic compounds have membrane-active properties against 

bacteria, causing leakage of cellular constituents, including nucleic acids, proteins 

and inorganic ions such as potassium or phosphate (Lobiuc et al., 2023). However, 

this activity may be less effective in gram-negative bacteria due to the presence of 

lipopolysaccharides in their membrane, which may repel or slow down the 

interaction with polyphenols (Tirado et al., 2021). The complex composition of grape 

pomace, which includes tannins, anthocyanins, catechins, procyanidins, flavonol 

glycosides, phenolic acids, stilbenes, among others, hinders to understand the 

precise mechanism of microorganism inhibition. In addition, the variability in the 

distribution of these antimicrobial compounds among parts of the pomace, such as 

skin, seeds and blends, also contributes to the lack of clarity in the inhibitory 

mechanism (Hassan et al., 2019). 

Chestnut shells harbor beneficial molecules such as phenols, flavonoids, 

triterpenes, sugars and tannins. The brown pigment in these shells has antioxidant, 

antibacterial and anti-inflammatory properties, resulting in a valuable source of 

bioactive compounds (Shao et al., 2023). Chestnut (Castanea sativa) shell extracts 

have been reported to possess antimicrobial activity against various bacterial 

species, including both Gram-positive and Gram-negative foodborne bacteria. 

Sensitive strains include Staphylococcus aureus, Bacillus cereus and Salmonella 

Typhimurium (Lee et al., 2016). Other authors, such as Rodrigues et al. (2023), 

have reported positive results in relation to Salmonella enterica. In their research, 

MIC values ranging from 1.25 to 10 mg/mL, and MBC in the range of 10 to <10 

mg/mL were reported. In this study, the antimicrobial activity of chestnut shell 

extract was assessed, with MIC ranged from 37.5 to 75 mg/mL, and the MBC 
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ranged from 75 to 150 mg/mL. These results suggest a significant potential of 

chestnut shell extract as antimicrobial agent. The presence of phenolic acids in 

chestnut shells could be responsible for these observed antimicrobial effects.  

Previous studies have shown that phenolic acids, in particular p-coumaric acid, 

exhibit antibacterial properties against Gram-negative bacteria. Mechanisms such 

as DNA binding or modification of cell membrane permeability have been identified 

as possible contributors to this antibacterial activity (Silva et al., 2020). 

This study also considers the importance of the circular economy in agro-industrial 

waste management. In this context, the use of chestnut shell and grape pomace, 

both agro-industrial by-products, for the extraction of antimicrobial compounds is 

an example of how waste has a new use in line with the principles of the circular 

economy (Khanna et al., 2022). 

These findings support existing evidence and underscore the promising ability of 

chestnut shell extract against Gram-negative bacteria. These results open the door 

for future research to better understand the underlying mechanisms and explore 

potential applications in the prevention and control of bacterial infections, especially 

those transmitted by food. 

Oregano EO, is notable for its predominant content of carvacrol and thymol, with 

precursors such as p-cymene and γ-terpinene in smaller proportions (Sakkas and 

Papadopoulou, 2017). In this study, carvacrol chemotype was used. The strong 

antimicrobial activity of oregano EO against pathogenic bacteria is due to the 

abundance of phenolic compounds, including carvacrol, eugenol and thymol (Leyva 

et al., 2017). These specific compounds have been shown to possess significant 

antimicrobial properties, being fundamental to the efficacy of the essential oil 
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against various microorganisms. 

In this study, the MIC and the MBC of oregano EO was 0.0015 % in all Salmonella 

spp. strains. Other studies, such as the one conducted by Luna-Solorza et al 

(2023), report a MIC of 0.250 mg/mL and an MBC of 0.300 mg/mL in S. typhirium 

strains, confirming the antimicrobial potential of oregano EO. 

Liu et al. (2022) explain that carvacrol and thymol functional groups influence 

hydrophobicity and antimicrobial activity by altering cell membrane permeability, 

thus triggering cell death in a way. These findings support the understanding of how 

specific components of oregano EO contribute to its antimicrobial efficacy in this 

study. 

 

Conclusions 

 

Salmonella spp. and antibiotic-resistant strains are present in the poultry production 

chain.  

Plant extracts have an antimicrobial effect against antibiotic-resistant Salmonella 

spp. isolated in the poultry production chain, such as oregano EO with a high 

inhibitory activity, and chestnut shell extract with a moderately inhibitory activity on 

some strains.  
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Table 4. Prevalence of Salmonella spp. isolated from poultry production chain. 

Type of sample No. of samples Positive samples of Salmonella 

(prevalence) 

Animals 120 0 

Conventional   50 0 

Cage-free   70 0 

Meat   98 23 (23.47%) 

Packaged   73 22 (30.14%) a 

Non-packaged   25 1 (4.0%) b 

Eggs 138 0 

Conventional 102 0 

Cage-free   36 0 

Total 356 23 (6.53%) 

Different letters indicate significant differences (Chi-square / Fisher tests, P ≤ 0.05). 

 

 

 

 

 

 

 

 

 

 

 



 

Table 5. Antibiotic-resistance profile and inhibitory activity of plant extracts against Salmonella strains from poultry production 

chain. 

Strains Origin Resistance profile 
Inhibition halo diameter (mm) 

Oregano Grape pomace Chestnut shell 

1 (skin) Packaged    CEF-AMP-CIP-TET-CLO ≥20 -     -  

2 (skin) Packaged    CEF-TSX-AMP-CIP-TET-CLO ≥20 - 9.69±1.87 

3 (egg) Non-packaged    CEF-TSX-AMP-TET-CLO ≥20 - 8.39±1.09 

CEF - Ceftaroline, TSX - Trimethoprim sulfamethoxazole, AMP - Ampicillin, GEN - Gentamicin, CIP – Ciprofloxacin, TET - 

Tetracycline, CLO - Chloramphenicol. 
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Table 6. Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) of plant extracts in Salmonella strains from poultry production 

chain. 

Strains 

MIC MBC 

Oregano 

(%) 

Chestnut shell 

(mg/mL) 

Oregano 

 (%) 

Chestnut shell 

(mg/mL) 

1 (skin)     0.0015 75.00    0.0015      150 

2 (skin)     0.0015 75.00    0.0015                         75.0 

3 (egg)     0.0015 37.50    0.0015                75.0 
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Supplementary data 

Capítulo 3 

 

 

Suppl. data S1. Sample size determination.  

Type of 

sample 
Sampling place 

No. 

samples 

Prevalence of 

antibiotic-resistant 

bacteria 

Author 

  Animals 

(skin) 

Farms    107 0.075 El-Adawy 

et al. 

(2016) 

  Poultry 

meat 

Supermarkets/Butcher 

shops 

     98 0.068 Boost et 

al. (2013) 

  Eggs Farms/Supermarkets    133 0.096 Pondit et 

al. (2018) 

Total  ≥ 338   

 

 

 

 

 

 

 

 

 

 



74 

 

Suppl. data S3. Dendrogram Salmonella (ERIC-Fingerprinting PCR). 
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Conclusiones Generales 

 

Se ha identificado la presencia de cepas de S. aureus y Salmonella spp., incluyendo 

aquellas resistentes a antibióticos, en diversas etapas de la cadena de producción 

avícola, lo que sugiere la existencia de fuentes de contaminación. 

Existen extractos vegetales, como el aceite esencial de orégano y el extracto de 

cáscara de castaña que presentan un efecto antimicrobiano contra estas cepas 

resistentes. Específicamente, el aceite de orégano demostró una alta actividad 

inhibitoria, mientras que el extracto de cáscara de castaña mostró una actividad 

moderadamente inhibidora en algunas cepas. 

Estos hallazgos resaltan el potencial de los extractos vegetales como alternativas 

eficaces para el control y propagación de patógenos resistentes a antibióticos en la 

industria avícola. 
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