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Abstract – Listeria monocytogenes is a psycrotrophic pathogen widely distributed in meat 
processing plants Listeriosis presents very low morbitity, but very high mortality rates. Several 
outbreaks involving this bacterium have been reported due to the consumption of refrigerated 
meat products. The objective of the present study was to evaluate the antimicrobial activity in 
vitro of 10 phenolic acids and 4 essential oils as natural alternatives to control L. monocytogenes
in meat products. The minimum inhibitory concentration (MIC) of all natural compounds was 
determined at pH 5, 6 and 7. The 4 most potent phenolic acids were selected (ρ-hydroxybenzoic 
acid, ferulic acid, ο-coumaric acid and syringic acid) and tested in combination with the 2 most 
active essential oils (allyl isothiocyanate and carvacrol), giving a total of 8 combinations. Lower 
pH levels favored the antimicrobial activity of both phenolic acids and essential oils, with the 
exception of geraniol, which presented the same MIC at all pH levels. All combinations of 
essential oils and phenolic acids presented synergistic effect at pH 5, whereas only ferulic acid 
plus allyl isothiocyanate or carvacrol showed synergism at pH 6. Potentially, the combined 
utilization of these natural antimicrobials could optimize their utilization to eliminate L. 
monocytogenes in meat products.
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 INTRODUCTION

Listeria monocytogenes is a Gram-positive rod, non-spore forming and motile [1]. Among all 
species of Listeria, L. monocytogenes is the only one that is pathogenic to humans [2], and its 
source of transmission is usually through contaminated foods [3]. This bacterium is widely 
distributed in meat processing plants, and many listeriosis outbreaks have been reported due 
to the consumption of ready-to-eat (RTE) meat products [4-5]. 

Different from most pathogenic bacteria, L. monocytogenes can survive and grow on 
refrigerated foods. Moreover, L. Monocytogenes can grow aerobically or anaerobically at pH 
levels varying from 4.6 to 9.4 [6]. Consequently, many refrigerated vacuum packaged meat 
products, with extended shelf-life, can support the growth of L. monocytogenes. The 
application of high temperature in these products can destroy the pathogen, but the 
contamination usually occurs after the cooking process and before packaging [7]. The United 
States Department of Agriculture (USDA) has adopted a zero-tolerance policy to the 
pathogen in RTE meats [8]. However, the European Comission [9] and Health Canada [10] 
established a limit of 2 Log CFU/g of L. monocytogenes in meat products where this 
bacterium cannot grow (e.g. salami). Therefore, there is a great interest of the industry on 
methods that prevent the growth or kill this pathogen in RTE meats. 

In 2008, Maple Leaf Foods was involved in one of the worse food outbreaks of Canadian 
history. About 200 products that were manufactured at their meat processing facility in 
Toronto were recalled. In addition, there were 57 confirmed cases of listeriosis and 23 people 
died. The economic expenses towards Maple Leaf Foods surpassed US$ 50 million, and 
involved recall process, product loss, lawsuits and losses of the market share [11]. Analyzing 
these numbers, it is clear the urgent need to minimize the risk of food contamination.
However, consumers are requiring products mildly processed which maintain their fresh 

1



flavor and have extended shelf-life [12]. Hence, use of natural preservatives that could avoid 
microbial growth in foods is a current trend [13-14]. Some of the most studied natural 
antimicrobials are essential oils (EO) [15]. These compounds act at the plasmatic membrane, 
leading to the leakage of cytoplasmic substrates, resulting in cell death. However, most of 
these compounds significantly change the sensory aspects of meat products when added at 
efficient antimicrobial doses [12].
Thus, the utilization of other natural substances that could enhance the antimicrobial activity 
of EO is of great interest for the meat industry. The antimicrobial activity of phenolic acids 
(PA) towards L. monocytogenes has been reported [16-17]. These compounds work best at 
lower pH levels, when they are at their molecular form and can easily cross the plasmatic 
membrane. Once in the cytoplasm, these compounds dissociate, decreasing the bacterial 
internal pH. This leads to the inactivation of many metabolic pathways. 

Although the anti-listerial activity of PA and EO is well established, there is no report in the 
literature about their activity in combination. The objective of the present study was to 
evaluate the antimicrobial activity of phenolic acids and essential oils alone and in 
combination against L. monocytogenes.

 MATERIALS AND METHODS

The anti-listerial effect of 10 PA and 4 EO (Table 1) at three pH levels (5, 6 and 7) was tested. 
All substances were diluted in dimethyl sulfoxide (maximum of 2% in the final solution) to 
facilitate their homogeneization in the liquid media. Treatments were performed in screw-
capped tubes by adding 9.9 mL of BHI broth + antimicrobial agent and 100 µL of L. 
monocytogenes ATCC 19117 inoculum at mid-exponential phase (~108). Control groups 
contained 9.9 of BHI broth, 2% dimethyl sulfoxide and 100 µL bacterial inoculum. Then, tubes 
were incubated for 24 h at 35°C (pH 6 and 7) or for 48 h at 35°C (pH 5). The Minimum 
Inhibitory Concentration (MIC) was considered as the lowest dose where no increase in optical 
density (600 nm) was observed. 

Four phenolic acids (ρ-hydroxybenzoic acid, ferulic acid, ο-coumaric acid and syringic acid) and 
two essetial oils (allyl isothiocyanate and carvacrol) were selected, based on their MIC, to be 
used in combination against L. monocytogenes. The combined antimicrobial solution consisted 
of one phenolic acid and one essential oil dissolved in DMSO, giving a total of 8 combinations. 
When combined, the natural compounds were added to the final solution as follows: Dose 1 = 
MIC EO + MIC PA; Dose 2 = ½ MIC EO + ½ MIC PA; Dose 3 = ¼ MIC EO + ¼ MIC PA; 
Dose 4 = 1/8 MIC EO + 1/8 MIC PA; Dose 5 = ¼ MIC EO + ½ MIC PA; and Dose 6 = 1/8 MIC 
EO + ½ MIC PA. The combinations were tested only on pH 5 and 6 since both EO and PA 
presented better activity at lower pH levels. 

Table 1 Natural antimicrobials tested against L. monocytogenes.

Phenolic Acid Essential Oil
ρ-Hidroxybenzoic acid Allyl Isothiocyanate
Cinnamic acid Carvacrol
Ferulic acid Geraniol
4-Coumaric acid Cinnamaldehyde
Syringic acid

Vanillic acid

ο-Coumaric acid

Sinapic acid

Gallic acid

Protocathecuic acid

 RESULTS AND DISCUSSION
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As expected, most antimicrobials showed stronger antimicrobial activity at lower pH (Table 2 
and 3). The only exception was geraniol, which presented the same anti-listerial response at all 
pH tested. Although L. monocytoges is resistant to acid pH, lower levels of pH work as a hurdle 
against the growth of this pathogen. Moreover, phenolic acids were shown to have higher 
antimicrobial activity when at pH values that were close to their pKa [18], which is usually 
around 4.5-4.9. 

Table 2 Minimum inhibitory concentration of phenolic acids against Listeria monocytogenes in BHI 
broth.

Phenolic acid
MIC
pH 5 pH 6 pH 7

ρ-Hydroxybenzoic 5mM 5mM 10mM
Cinnamic 5mM 10mM 20mM
Ferulic 2.5mM 5mM 10mM
4-Coumaric 5mM 5mM 15mM
Syringic 5mM 5mM 10mM
Vanillic 5mM 5mM 10mM
ο-Coumaric 1.25mM 5mM 10mM
Sinapic 5mM 5mM 10mM
Gallic acid 5mM 10mM ND*
Protocathecuic 5mM 10mM 20mM

*ND – MIC not detected using doses up to 20 mM.

Among all PA, ο-coumaric acid acid showed the strongest antimicrobial activity overall. 
Cinnamic, gallic and protocathecuic acids presented the poorest antilisterial activities overall, 
whereas all other PA showed similar effect. Therefore, the 4 PA selected for the next step of 
this study were ο-coumaric acid (ο-CA) - based on antimicrobial activity -, ferulic (FA), ρ-
hydroxybenzoic (ρ-HBA) and syringic acids (SA) – based on activity and cost.

Allyl isothiocyanate (AITC) presented the strongest anti-listerial activivity, followed by 
carvacrol (Carv), cinnamaldehyde and geraniol (Table 3). Thereby, AITC and Carv were 
chosen to be used in combination with PA against L. monocytogenes.

Table 3 Minimum inhibitory concentration of essential oils against Listeria monocytogenes in BHI 
broth.

Essential oil
MIC
pH 5 pH 6 pH 7

Allyl isothiocyanate 0.27 mM 0.51 mM 1.02 mM
Carvacrol 0.65 mM 1.63 mM 1.63 mM
Cinnamaldehyde 2 mM 4 mM 4 mM
Geraniol 2.85 mM 2.85 mM 2.85 mM

The combination of EO and PA was used to evaluate the possibility of synergism and/or 
additive effect among these compounds. A total of 8 combinations were tested as described on 
session II. Results are presented on Table 4.

Table 4 Anti-listerial effect of essential oils and phenolic acids used in combination

Phenolic Acid

Essential oil ο-CA FA ρ-HBA SA

AITC pH 5 Dose 5** Dose 5 Dose 5 Dose 5

Carv pH 5 Dose 5 Dose 5 Dose 5 Dose 5

AITC pH 6 Dose 2* Dose 5 Dose 2 Dose 2
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Carv pH 6 Dose 2 Dose 2 Dose 2 Dose 2

*Dose 2 is ½ MIC EO + ½ MIC PA
**Dose 5 is ¼ MIC EO + ½ MIC PA

Most combinations at pH 6 presented only additive effect. The only exception was the use of 
AITC coupled with FA, which showed synergistic effect (¼ MIC AITC + ½ MIC FA). In 
addition, all combinations at pH 5 showed synergistic effect, where the EO could be reduced to 
¼ of its MIC. Potentially, this technology could have great application for the food industry 
since the strong taste of EO is the main drawback of their utilization as food preservatives [12]. 
The complimentary mechanism of action of EO and PA certainly contributed to the 
potentialization of their antimicrobial activity.

To our knowledge, this is the first report showing the synergistic effect between carvacrol/AITC 
and phenolic acids against a foodborne pathogen.

 CONCLUSION

Allyl isothiocyanate and carvacrol showed the strongest activity against L. monocytogenes 
among the EO tested, whereas ο-coumaric acid, ferulic, ρ-hydroxybenzoic and syringic acids 
were the most potent PA. All combinations of EO and PA showed synergistic effect at pH 5, 
and AITC + FA also presented synergism at pH 6. Acidic solutions containing these compounds 
could reduce the levels of L. monocytogenes in meat products without causing significant 
alterations on their sensory characteristics. Further studies will evaluate the application of AITC 
and FA on the surface of frankfurters and cooked ham in order to eliminate or reduce the 
contamination of L. monocytogenes.
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