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Abstract 

In this study, the antimicrobial effect of low concentrations of nisin, carvacrol and EDTA alone and 
their combinations against S. Typhimurium SL1344 in TSBYE at 4°C and 37°C for 24 h were investigated. 
Carvacrol was found the most effective chemical among the single antimicrobial treatments. Carvacrol at 
0.5 or 1 mM plus EDTA at 2 mM showed a synergistic effect at 37°C. This effect was increased when they 
were combined with nisin both at 4°C and 37°C. The most effective application was determined the 
combinations of nisin at 400 IU/mL, carvacrol at 1 mM and EDTA at 2 mM. This combination reduced S. 
Typhimurium counts to undetectable level after 12 and 6 h of incubation at 4°C and 37°C, respectively. The 
results of this study indicated that combinations of low concentrations of nisin, carvacrol and EDTA could 
potentially be used as food preservative against S. Typhimurium, to provide better quality foods. 
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1. Introduction 
Salmonella is Gram-negative, non-spore forming, facultative anaerobe and rod-shaped 

bacteria that is a member of the family of Enterobacteriaceae (1). The genus Salmonella is 
divided into two species, S. enterica and S. bongori, based on the high sequence similarity of 
the genome. There are six main subspecies under S. enterica species namely enterica, 
salamae, arizonae, diarizonae, houtenae and indica, whereas no subspecies has been assigned 
to S. bongori species (2). These subspecies are further subdivided into serovars that are over 
2500 recognized serovars characterized by their flagella, carbohydrate and lipopolysaccharide 
(LPS) structures (3, 4). Salmonella is an important pathogen for both humans and animals. 
This bacterium is one of the leading causes of gastrointestinal disease (non-typhoidal) in both 
developing and developed countries (3). Salmonella is not only responsible of a large number 
of illnesses but also there is a cost associated with these outbreaks. The cost for salmonellosis 
in the United States was estimated to range from $600 million to $3.5 billion each year (5). S. 
enterica subsp. enterica serovar Typhimurium (called S. Typhimurium) is broad-host range 
serovar that causes gastrointestinal disease in humans for this reason it is important to public 
health (1, 4, 6). Nowadays, consumers demand natural and chemical additives-free food 
products, but that are free from pathogens, therefore the food industry look for novel and 
alternative strategies to food biopreservation (7). For this reason, there has been an increasing 
interest in the search for natural antimicrobials such as organic acids, plant essential oils, 
enzymes obtained from animal sources, naturally-occurring polymers and bacteriocins from 
lactic acid bacteria (8). Nisin is a class I bacteriocin, lantibiotic, produced by certain strains of 
Lactococcus lactis. Nisin is a hydrophobic and cationic polypeptide that exhibits a broad-
spectrum of inhibitory activity against Gram-positive bacteria and their spores, but shows 
little or no activity against Gram-negative bacteria, yeasts and fungi. Nisin is generally 
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recognized as safe (GRAS status) by the US Food and Drug Administration and World Health 
Organization since 1969 and is permitted currently for use as a food preservative in over 50 
countries (9). The primary target of nisin is the cytoplasmic membrane of vegetative cells. 
Nisin forms pores that collapse the proton motive force and the pH equilibrium, causing 
leakage of ions and hydrolysis of ATP, resulting in the death of the cell (10). Normally, 
Gram-negative bacteria are resistant to nisin because of their LPS layer. On the other hand, 
use of nisin in conjunction with EDTA (9) or plant essential oils (11, 12) may increase the 
effectivness. Carvacrol is a monoterpenoid phenol that presents in the essential oil fraction of 
oregano, thyme, pepperwort and Alaska yellow cedar (13). Carvacrol exhibits inhibitory 
activity against Gram-negative bacteria that increasing the cell membrane permeability to ATP 
and ions (14, 15). Carvacrol is a GRAS flavoring that is typically used in the minimum 
concentration required to produce the intended effect (16). Carvacrol exhibits a strong 
antibacterial effect, but its application in foods has been limited by its strong flavor (17).   
Ethylenediamine tetraacetic acid (EDTA) is a chelator that is used in a wide variety of food 
products either as a preservative or as an inhibitor of product discoloration. EDTA can increase 
the inhibitory effects of some antimicrobial substances such as nisin, lysozyme and monolaurin 
against Gram-negative bacteria by disrupting the outer membrane protein layer of these 
organisms (18). Although the synergistic antimicrobial effect of nisin with EDTA or carvacrol 
on the viability of different pathogenic bacteria has been observed before, there are not enough 
data on synergistic antimicrobial activity of these three antimicrobials. This survey is the first 
report of the synergistic activity of these three antimicrobials against Salmonella Typhimurium 
at 4°C and 37°C. The purpose of the present investigation was to determine the antimicrobial 
effect of low concentrations of nisin, carvacrol, EDTA alone or in combination against 
Salmonella enterica serovar Typhimurium SL1344 in TSBYE at 4°C and 37°C. 

  
2. Material and Methods 

2.1. Bacterial strain Salmonella enterica serovar Typhimurium SL1344 strain used in 
this study was obtained from the Laboratory of Microbial Gene Technology, NLH, Ås, 
Norway. The SL1344 was routinely grown in tryptone soy broth (TSB, LAB M Ltd, 
Lancashire, United Kingdom) supplemented with 0.5% (w/v) yeast extract (Merck, 
Darmstadt, Germany) (TSBYE) for 24 h at 37°C. Stock culture of SL1344 was stored at -
20°C in TSBYE with added 20% sterile glycerol. For cell suspension preparation, the stock 
culture of SL1344 was grown in TSBYE for 24 h at 37°C, with two consecutive transfers to 
obtain a population of approximately 109 CFU/mL. The bacterial cells were centrifuged at 
12.000 rpm for 5 min and then washed twice in 1 mL of 0.1 M phosphate-buffered saline 
(PBS, pH 7.0). Initial cell counts were confirmed by tenfold serial dilution and then 
enumerated on tryptone soy agar supplemented with 0.5% (w/v) yeast extract (TSAYE). The 
cell suspension of Salmonella Typhimurium SL1344 was inoculated into TSBYE 
approximately 104 log CFU/mL (12). 

2.2 Preparation of nisin, carvacrol and EDTA stock solutions Nisin and carvacrol 
were purchased from Sigma-Aldrich Chemical Co. (St. Louis, MO, USA). EDTA was 
obtained from Riedel-de Haën AG (Seelze, Germany). Nisin and EDTA stock solutions were 
prepared according to ALVAREZ & al. (16). Stock solutions of nisin (50.000 IU/mL) and 
EDTA (200 mM) were prepared in deionized water. Nisin and EDTA stock solutions were 
sterilized by passing them through a 0.45 μm membrane filter (Whatman Schleicher & 
Schuell FD 30/0.45 CA-S, Dassel, Germany). Nisin and EDTA stock solutions were stored at 
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-20°C and 4°C, respectively. Carvacrol stock solution (1 M) was made in 95% ethanol and 
stored at 4°C until used (19).  

2.3. Antibacterial activity in TSBYE For determination of antimicrobial activity of 
nisin, carvacrol and EDTA against S. Typhimurium SL1344 were used in alone or 22 
combinations. The flow chart and treatment diagram of antimicrobial system application 
protocols were given in Figure 1. Nisin, carvacrol and EDTA were added to TSBYE from 
stock solutions to obtain the desired concentrations. Following inoculation with the S. 
Typhimurium SL1344 cells, broth samples of all examined treatments were incubated at 4°C 
or 37°C for 24h. Sampling for microbiological analysis of inoculated broth was performed 
after 0, 6, 12, 24 h of incubation. The counts of bacterial survivors in TSBYE were detected 
by direct plating method. Serial dilutions of TSBYE samples were prepared with sterile saline 
(0.85%, w/v). Duplicate of 0.1 mL of appropriate dilution were inoculated onto TSAYE. 
Survivor counts were enumerated after incubation at 37°C for 24 h. 
 

 
 

Figure 1. The flow chart and treatment diagram of antimicrobial system application protocols 
 

2.4. Statistical analysis Microbiological analyses were performed in triplicate. Colony 
counts were transformed to log values before analyses of repeated measurements ANOVA 
and Tukey’s test were used. Mean levels of colony counts at 0. hour were included in the 
analysis as a covariant. Significance was expressed at P� 0.05.  
 
3.   Results and Discussion 

The initial populations of Salmonella Typhimurium SL1344 in all control samples 
(without addition of any antimicrobial) used in this study were not significantly changed 
during the incubation time at 4°C. In contrast at 37°C, the initial populations of the S. 
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Typhimurium SL1344 in all control samples were significantly increased (P>0.05) at the end 
of the incubation period.  

The antimicrobial effect of nisin on S. Typhimurium SL1344 in TSBYE at 4°C and 37°C 
for 24 h incubation period were tested. At 4°C, nisin treated samples at 100, 200, 300 or 400 
IU/mL presented population of S. Typhimurium SL1344 strain were not significantly 
different than those of control samples throughout the incubation period. During incubation at 
37°C, samples treated with nisin at 200, 300 or 400 IU/mL were significantly different than 
those of controls and treated with nisin at 100 IU/mL after 6 h of incubation. Compared with 
the control, samples treated with nisin at 200, 300 or 400 IU/mL reduced S. Typhimurium 
SL1344 counts by approximately 0.1, 0.14 and 0.29 log CFU/mL after 6 h of incubation, 
respectively. On the other hand, all nisin treated samples were not significantly different 
(P� 0.05) than control samples after 12 and 24 h of incubation at 37°C. According to our 
results, there is no significant antibacterial activity of nisin at 100, 200, 300 or 400 IU/mL 
against S. Typhimurium SL1344 in TSBYE at 4°C and 37°C after 24 h of incubation. Our 
findings are consistent with previous observations that nisin shows little or no activity against 
Gram-negative bacteria (9, 20-24). The outer membrane of Gram-negative bacteria acts as a 
barrier to the activity of the nisin on the cytoplasmic membrane (10).  

The antimicrobial effect of carvacrol at 0.5 or 1 mM on S. Typhimurium SL1344 in 
TSBYE at 4°C and 37°C are shown in Figure 2. During incubation at 4°C, samples treated with 
carvacrol at 0.5 or 1 mM were not exhibited significantly different (P>0.05) than control 
samples. Conversely, the initial populations of S. Typhimurium SL1344 treated with carvacrol 
at 1 mM were showed significantly different (P>0.05) than control and samples treated with 
carvacrol at 0.5 mM at 37°C. The populations of S. Typhimurium SL1344 in the samples 
treated with carvacrol at 1 mM showed an initial decrease to 3.41 log CFU/mL after 6 h of 
incubation and then increased, reaching ca 6.36 log CFU/mL and 7.01 log CFU/mL after 12 and 
24 h of incubation, respectively. Compared with the control, 1 mM of carvacrol reduced S. 
Typhimurium SL1344 counts by approximately 4.05, 2.51 and 2.0 log CFU/mL by 6, 12 and 24 
h of incubation, respectively. A number of studies have shown the antibacterial effect of 
different concentration of carvacrol against Gram-negative bacteria (25-27), as confirmed in 
this study. JONHY & al. (25) reported that 10, 50 and 75 mM of carvacrol showed the 
antibacterial effect on Salmonella Enteritidis inoculated at approximately 107 CFU/mL in 
chicken cecal contents. Compared with the control, carvacrol at 10 mM reduced S. Enteritidis 
counts by approximately 3.4 log CFU/mL by 8 h of incubation. Carvacrol at 50 and 75 mM 
decreased S. Enteritidis counts to <1.0 log CFU/mL at 15 s after addition of the molecules.  

 

(A) (B) 
 

Figure 2. Effect of carvacrol at 0.5 or 1 mM on S. Typhimurium SL1344 in TSBYE at 4°C 
(A) and 37°C (B)
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Samples treated with EDTA at 2 mM did not show significantly different (P>0.05) than 
control samples at 4°C. However, the population of S. Typhimurium SL1344 in the 2 mM of 
EDTA added samples were found significantly lower (P>0.05) than control samples during 
the incubation period at 37°C. The results of this study showed that EDTA treated samples 
were grown slowly than control samples at 37°C. Compared with the control, 2 mM of EDTA 
reduced S. Typhimurium SL1344 counts by approximately 1.41 and 2.56 log CFU/mL after 6 
and 12 h of incubation at 37 °C, respectively. On the other hand, the initial populations of S. 
Typhimurium SL1344 ca 4.73 and 4.60 log CFU/mL in control and EDTA treated samples 
reached ca 8.96 and 8.29 log CFU/mL at the end of the incubation period, respectively. 
According to present findings, when S. Typhimurium was grown in the presence of 2 mM 
EDTA at 37°C, significant difference was observed regarding control samples, even though 
this difference was small after 24 h of incubation. EDTA binds divalent cations notably Mg+2 
that stabilize molecular interactions in the outer membrane of Gram-negative bacteria, which 
results in a loss of lipopolysaccharides and lipids from the outer membrane (28). Antibacterial 
activity of EDTA against some Gram-negative bacteria was shown by different researchers 
(29-31). Furthermore, PRUDÊNCIO & al. (31) reported that S. Typhimurium cells treated 
with low concentration of EDTA (1.6 mM/L) grown slowly than the control sample without 
addition of EDTA, as confirmed in this study. 

During incubation at 4°C, the effects of combinations of nisin (100, 200, 300 or 400 
IU/mL) and EDTA (2 mM) on S. Typhimurium SL1344 not showed significantly different 
(P<0.05) than control samples. In contrast at 37°C, the initial populations of the S. 
Typhimurium SL1344 treated with combinations of nisin and EDTA was found significantly 
different (P<0.05) than control samples. The combinations of nisin and EDTA reduced S. 
Typhimurium SL1344 counts by approximately 2.0 log CFU/mL after 6 h of incubation as 
compared to control (P<0.05). In addition, samples treated with combinations of nisin and 
EDTA reduced S. Typhimurium SL1344 counts by approximately range from 0.7 to 0.96 log 
CFU/mL after 24 h of incubation, as compared to control (P<0.05). These reduction rates are 
similar to the results of EDTA at 2 mM used alone. EDTA can increase the susceptibility of 
the cells to other antimicrobial agents such as nisin by increasing the permeability of bacterial 
cellular membranes (32). However, in this study, we did not find any significant effects of 
nisin combined with EDTA against the growth of S. Typhimurium, as confirmed by CUTTER 
& SIRAGUSA (33) and TU & MUSTAPHA (34).  

The antimicrobial effects of the combinations of nisin (100, 200, 300 or 400 IU/mL) and 
carvacrol at 0.5 mM on S. Typhimurium SL1344 at 4°C and 37°C after 24 h of incubation not 
showed significantly different (P� 0.05) than control samples. On the other hand, samples 
treated with combinations of nisin (100, 200, 300 or 400 IU/mL) and carvacrol at 1 mM were 
significantly different (P<0.05) than those of controls at 4°C and 37°C. When nisin (100, 200, 
300 or 400 IU/mL) and carvacrol at 1 mM were combined, synergistic effects were observed 
at 4°C. During incubation at 4°C, samples treated with combinations of nisin (100, 200, 300 
or 400 IU/mL) and carvacrol at 1 mM reduced S. Typhimurium SL1344 counts by 
approximately range from 0.39 to 0.89 log CFU/mL after 24 h of incubation, as compared to 
control (P<0.05). On the other hand, the combinations of maximum nisin level (400 IU/mL) 
and carvacrol at 1 mM reduced S. Typhimurium SL1344 counts by approximately 3.73, 2.51 
and 1.19 log CFU/mL by 6, 12 and 24 h of incubation at 37°C, respectively (Figure 3). These 
reduction rates are similar to the results of carvacrol at 1 mM used alone. In this study, when 
nisin (100, 200, 300 or 400 IU/mL) and carvacrol at 1 mM were combined, synergistic effects 
were not observed at 37°C. On the other hand, the synergistic antimicrobial effect of nisin and 
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carvacrol on the viability of Gram-positive bacteria such as Listeria monocytogenes and 
Bacillus cereus has been observed before by different researchers (35, 36). 

 
  
 
 

Figure 3. Effect of different concentration of nisin 
at 100, 200, 300 or 400 IU/mL and carvacrol at 1 

mM on S. Typhimurium SL1344 in TSBYE at 
37°C 

 

 
 
 
 

The antibacterial effects of the combinations of carvacrol at 0.5 or 1 mM and EDTA at 2 
mM on S. Typhimurium SL1344 in TSBYE at 4°C and 37°C are shown in Figure 4. During 
incubation at 4°C, the effects of the combinations of carvacrol at 0.5 mM and EDTA on S. 
Typhimurium SL1344 not showed significantly different (P� 0.05) than control samples. In 
contrast, the initial population of the S. Typhimurium SL1344 treated with the combinations 
of carvacrol at 1 mM and EDTA was found significantly different (P� 0.05) than control 
samples. Compared with the control, the combinations of carvacrol at 1 mM and EDTA 
reduced S. Typhimurium SL1344 counts by approximately 1.48 log CFU/mL by 24 h of 
incubation. During incubation at 37°C, the effects of the combinations of carvacrol at 0.5 or 1 
mM and EDTA on S. Typhimurium SL1344 showed significantly different (P� 0.05) than 
control samples. When both antimicrobials were combined, synergistic effects were observed 
at 37°C. The effect of the combinations of carvacrol at 1 mM and EDTA was found more 
effective than combinations of carvacrol at 0.5 mM and EDTA. During incubation at 37 °C, 
the initial populations of the S. Typhimurium SL1344 (ca 4.96 log CFU/mL) in control strains 
were significantly increased (P� 0.05) and reached ca 9.26 log CFU/mL after 24 h of 
incubation. Conversely, the combinations of carvacrol at 1 mM and EDTA decreased S. 
Typhimurium SL1344 counts to 2.35, 1.41 and 0.67 log CFU/mL after 6, 12 and 24 h of 
incubation. Compared with the control, this combination reduced the initial populations of S. 
Typhimurium SL1344 by approximately 8.59 log CFU/mL after 24 h of incubation. Similar to 
our results, ZHOU & al. [17] reported that combinations of carvacrol and EDTA significantly 
reduced populations of Salmonella Typhimurium. 

 

(A) (B) 
 

Figure 4. Effect of different concentration of carvacrol at 0.5 or 1 mM and EDTA at 2 mM on 
S. Typhimurium SL1344 in TSBYE at 4°C (A) and 37°C (B) 
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The antimicrobial effects of the combinations of nisin at 100, 200, 300 or 400 IU/mL, 
carvacrol at 0.5 mM and EDTA at 2 mM on S. Typhimurium SL1344 at 4°C after 24 h of 
incubation not showed significantly different (P� 0.05) than control samples. In contrast at 
37°C, samples treated with the combinations of nisin, carvacrol and EDTA were significantly 
different than those of controls (P� 0.05). When nisin (100, 200, 300 or 400 IU/mL), 
carvacrol (0.5 mM) and EDTA were combined, synergistic effects were observed at 37°C but 
the inhibitory effects of these combinations against S. Typhimurium were low. Compared 
with the control, the maximum level (400 IU/mL) nisin added combination reduced S. 
Typhimurium SL1344 counts by approximately 2.76, 2.36 and 1.59 log CFU/mL by 6, 12 and 
24 h of incubation at 37°C, respectively (data not shown). 

The antibacterial effects of the combinations of nisin at 100, 200, 300 or 400 IU/mL, 
carvacrol at 1 mM and EDTA at 2 mM on S. Typhimurium SL1344 in TSBYE at 4°C and 
37°C are shown in Figure 5. When three antimicrobials were combined, synergistic effects 
were observed at 4°C and 37°C. During incubation at 4°C, all combinations decreased S. 
Typhimurium counts to undetectable level after 24 h of incubation. In these treatments, 
inhibition of Salmonella cells was increased depending on increasing nisin concentrations. 
The 400 IU/mL nisin added combination was found more effective than other combinations at 
4 °C. The 400 IU/mL nisin, 1 mM carvacrol and 2 mM EDTA concentration reduced S. 
Typhimurium SL1344 counts to 1.05 log CFU/mL and undetectable level after 6 and 12 h of 
incubation at 4°C, respectively. During incubation at 37°C, 300 and 400 IU/mL nisin added 
combinations were found more effective than 100 and 200 IU/mL nisin added combinations. 
The 300 and 400 IU/mL nisin added concentrations reduced S. Typhimurium SL1344 counts 
to 0.33 log CFU/mL and undetectable level at 6 h after addition of the molecules at 37°C, 
respectively. 

 

(A) (B) 
 

Figure 5. Effect of different concentration of nisin at 100, 200, 300 or 400 IU/mL, carvacrol 
at 1 mM and EDTA at 2 mM on S. Typhimurium SL1344 in TSBYE at 4°C (A) and 37°C (B) 

 
4. Conclusions 

In conclusion, nisin treatments alone not showed the significant antimicrobial effect 
against S. Typhimurium. Carvacrol was found the most effective chemical among the single 
antimicrobial treatments. Carvacrol and EDTA exhibited the synergistic effect against S. 
Typhimurium. When nisin, carvacrol and EDTA were combined, the growth of S. 
Typhimurium was inhibited at 4 °C and 37 °C, and a synergistic effect was observed. The 
most effective application against S. Typhimurium was determined the combinations of nisin 
at 400 IU/mL, carvacrol at 1 mM and EDTA at 2 mM both at 4 °C and 37 °C. The results of 
present investigation showed that low concentration of nisin, carvacrol and EDTA 
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combinations could potentially be used as food preservative against S. Typhimurium, 
intended to provide better quality foods. 

 
Acknowledgements 

This research was supported by Süleyman Demirel University Scientific Research Project 
Coordination Unit through Project No. 3058-YL-12. 

References 

1. C.F. PUI, W.C. WONG, L.C. CHAI, R. TUNUNG, P. JEYALETCHUMI, M.S. NOOR HIDAYAH, A. 
UBONG, M.G. FARINAZLEEN, Y.K. CHEAH, R. SON, Salmonella: A foodborne pathogen. Int. Food 
Res. J., 18, 465-473 (2011).  

2. L-H. SU, C-H. CHIU, Salmonella: clinical importance and evolution of nomenclature. Chang. Gung. Med. 
J., 30, 210-219 (2007).  

3. B. COBURN, G.A. GRASSL, B.B. FINLAY, Salmonella, the host and disease: a brif review. Immunol. Cell 
Biol., 85, 112-118 (2007). 

4. P. GARAI, D.P. GNANADHAS, D. CHAKRAVORTTY, Salmonella enterica serovars Typhimurium and 
Typhi as model organisms. Virulence., 3:4, 377-388 (2012). 

5. A. TER-HSIN, W. YU-CHIH, C. YI-TSENG, Y. CHIA-HUEI, Y. KUANG-SHENG, Serotype occurrence 
and antimicrobial susceptibility of Salmonella isolates recovered from pork carcasses in Taiwan (2000 
through 2003). J. Food Prot., 69, 674-678 (2005). 

6. D.G. NEWELL, M. KOOPMANS, L. VERHOEF, E. DUIZER, A. AIDARA-KANE, H. SPRONG, M. 
OPSTEEGH, M. LANGELAAR, J. THREFALL, F. SCHEUTZ, J. VAN DER GIESSEN, H. KRUSE, 
Food-borne diseases- The challenges of 20 years ago still persist while new ones continue to emerge. Int. J. 
Food Microbiol., 139, S3-S15 (2010). 

7. L. FAVARO, M. BASAGLIA, S. CASELLA, I. HUE, X. DOUSSET, B.D.G. DE MELO FRANCO, S.D. 
TODOROV, Bacteriocinogenic potential and safety evaluation of non-starter Enterococcus faecium strains 
isdolated from homemade white brine cheese. Food Microbiol., 38, 228-239 (2014). 

8. A. LUCERA, C. COSTA, A. CONTE, M.A. DEL NOBILE, Food applications of natural antimicrobial 
compounds. Front Microbiol., 3, 1-13 (2012). 

9. J. DELVES-BROUGHTON, Nisin is a food preservative. Food Australia, 57, 525-527 (2005). 
10. L.J. DE ARAUZ, A.F. JOZALA, P.G. MAZZOLA, T.C.V. PENNA, Nisin biotechnological production and 

application: a review. Trends in Food Science & Technology, 20, 146-154 (2009). 
11. N. SOLOMAKOS, A. GOVARIS, P. KOIDIS, N. BOTSOGLOU, The antimicrobial effect of thyme 

essential oil, nisin and their combination against Escherichia coli O157:H7 in minced beef during 
refrigerated storage. Meat Sci., 80, 159-166 (2008). 

12. A. GOVARIS, N. SOLOMAKOS, A. PEXARA, P.S. CHATZOPOULOU, The antimicrobial effect of 
oregano essential oil, nisin and their combination against Salmonella Enteritidis in minced sheep meat 
during refrigerated storage. Int. J. Food Microbiol., 137, 175-180 (2010). 

13. F. TONG, A.D. GROSS, M.C. DOLAN, J.R. COATS, The phenolic monoterpenoid carvacrol inhibits the 
binding of nicotine to the housefly nicotinic acetylcholine receptor. Pest. Manag. Sci., 69, 775-780 (2013).   

14. S. BURT, Essential oils: their antibacterial properties and potential applications in foods- a review. Int. J. 
Food Microbiol., 94, 223-253 (2004). 

15. J.R. KNOWLES, S. ROLLER, D.B. MURRAY, A.S. NAIDU, Antimicrobial action of carvacrol at different 
stages of dual-species biofilm development by Staphylococcus aureus and Salmonella enteric serovar 
Typhimurium. Appl. Environ. Microbiol., 71, 797-803 (2005). 

16. I. ALVAREZ, B.A. NIEMIRA, X. FAN, C.H. SOMMERS, Inactivation of Salmonella Enteritidis and 
Salmonella Senftenberg in liquid whole egg using generally recognized as safe additives, ionizing radiation, 
and heat. J. Food Prot., 70, 1402-1409 (2007). 

17. F. ZHOU, J.I. BAOPING, H. ZHANG, H. JIANG, Z. YANG, J. LI, J. LI, Y. REN, W. YAN, Synergistic 
effect of thymol and carvacrol combined with chelators and organic acids against Salmonella Typhimurium. 
J. Food Prot., 70, 1704-1709 (2007). 

18. M. MASTROMATTEO, A. LUCERA, M. SINIGAGLIA, M.R. CORBO, Synergic antimicrobial activity of 
lysozyme, nisin and EDTA against Listeria monocytogenes in ostrich meat patties. J. Food Sci., 75, M422-
M429 (2010). 



 ZELİHA AY, YASİN TUNCER   

Romanian Biotechnological Letters, Vol. 21, No. 4, 2016  11674

19. P.M. PERIAGO, A. PALOP, P.S. FERNANDEZ Combined effect of nisin, carvacrol and thymol on the 
viability of Bacillus cereus heat-treated vegetative cells. Food Sci. Technol., 7, 487-492 (2001). 

20. B. ÖZDEN, M. AKÇELIK, Genetic analysis of bacteriocin production ability and phage adsorption type 
resistance system in six Lactococcus lactis strains. Acta Aliment., 37, 169-179 (2008). 

21. Y. TUNCER, Phenotypic and genotypic characterization of nisin-producing Lactococcus lactis subsp. lactis 
YB23 isolated from raw milk in Turkey. Biotechnol. Biotechnol. Eq., 23, 1504-1508 (2009). 

22. Y. TUNCER, B. ÖZDEN, Partial biochemical characterization of nisin-like bacteriocin produced by 
Lactococcus lactis subsp. lactis YBD11 isolated from Boza, a traditional fermented Turkish beverage. Rom. 
Biotechnol. Lett., 15, 4940-4948 (2010). 

23. W-S. HOE, E-Y. KIM, Y-R. KIM, M.T. HOSSAIN, I-S. KONG, Salt effect of nisin Z isolated from a 
marine fish on the growth inhibition of Streptococcus iniae, a pathogen of Streptococcosis. Biotechnol. Lett., 
34, 315-320 (2012). 

24. G. KORAL, Y. TUNCER, Nisin Z-producing Lactococcus lactis subsp. lactis GYL32 isolated from Boza. 
Journal of Food Processing and Preservation. 38, 1044-1053 (2014).  

25. A.K. JOHNY, M.J. DARRE, A.M. DONOGHUE, D.J. DONOGHUE, K. VENKITANARAYANAN, 
Antibacterial effect of trans-cinnamaldehyde, eugenol, carvacrol, and thymol on Salmonella Enteritidis and 
Campylobacter jejuni in chicken cecal contents in vitro. J. Appl. Poult. Res., 19, 237-244 (2010). 

26. E.O. MOORENTE, H. ABRIOUEL, R.L. LOPEZ, N. BEN OMAR, A. GÁLVEZ, Antibacterial activity of 
carvacrol and 2-nitro-1-propanol against single and mixed populations of foodborne pathogenic bacteria in 
corn flour dough. Food Microbiol., 27, 274-279 (2010). 

27. S. RAVISHANKAR, L. ZHU, J. REYNA-GRANADOS, B. LAW, L. JOENS, M. FRIEDMAN, Carvacrol 
and cinnamaldehyde inactivate antibiotic-resistant Salmonella enterica in buffer and on celery and oysters. 
J. Food Prot., 73, 234-240 (2010). 

28. H.-L. ALAKOMI, M. SAARELA, I.M. HELANDER, Effect of EDTA on Salmonella enterica serovar 
Typhimurium involves a component not assignable to lipopolysaccharide release. Microbiology. 149, 2015-
2021 (2003).  

29. C.S.M.L. ESTRADA, L. DEL CARMEN VELAZQUEZ, A.M.S. DE GUZMAN, Effects of organic acids, 
nisin, lyzozyme, and EDTA on the survival of Yersinia enterocolitica population in inoculated orange 
beverages. J. Food Safety. 30, 24-30 (2010).   

30. A. HINTON JR, K.D. INGRAM, Comparison of the antibacterial activity of chelating agents using the agar 
diffusion method. Int. J. Poult. Sci., 9, 1023-1026 (2010). 

31. C.V. PRUDENCIO, H.C. MANTOVANI, M.C.D. VANETTI, Inhibition of Salmonella Typhimurium by 
bovicin HC5 associated with chelating agents and surfactants. Afr. J. Microbiol. Res., 8, 12-18 (2014).   

32. I.S. BOZIARIS, M.R. ADAMS, Effect of chelators and nisin in situ on inhibition and inactivation of gram 
negatives. Int. J. Food Microbiol., 53, 105-113 (1999).   

33. C.N. CUTTER, G.R. SIRAGUSA, Treatments with nisin and chelators to reduce Salmonella and 
Escherichia coli on beef. J. Food Prot., 57, 1028-1030 (1995). 

34. L. TU, A. MUSTAPHA, Reduction of Brochotrix thermosphacta and Salmonella serotype Typhimurium on 
vacuum-packaged fresh beef treated with nisin and nisin combined with EDTA. J. Food Sci., 67, 302-306 (2002). 

35. I.E. POL, E.J. SMID, Combğined action of nisin and carvacrol on Bacillus cereus and Listeria 
monocytogenes. Lett. Appl. Microbiol., 29, 166-170 (1999). 

36. M-D. ESTEBAN, A. PALOP, Nisin, carvacrol and their combinations against the growth of heat-treated 
Listeria monocytogenes cells. Food Technol. Biotechnol., 49, 89-95 (2011). 
 

 


