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Abstract 

This work investigates the activities of nisin and gallic acid, used either alone or in combination, against Listeria 
monocytogenes Scott A CmrEmr. The antimicrobial activity was determined using agar diffusion tests. The growth 
profile was evaluated by measurements of optical density and the numbers of viable cells. Lipid peroxidation was 
measured by the thiobarbituric acid-reactive substances (TBARS) technique, and the levels of reduced glutathione 
(GSH) were determined by the 5,5-dithio-bis-2-nitrobenzoic acid (DTNB) method. Growth of the pathogen was 
inhibited by the combined use of nisin and gallic acid, with an inhibition zone of approximately 11 mm at 
concentrations of 8 mg/ml and 100 IU/ml, respectively. No significant reduction in the number of viable pathogen 
cells was observed after 18 hours of exposure to nisin and gallic acid. There was a significant increase in the GSH 
concentration, and a decrease in lipid peroxidation, when the pathogen was exposed to increasing concentrations 
of nisin and gallic acid, used either alone or in combination, for a period of 18 hours. It was concluded that the 
Listeria monocytogenes cell line studied was able to resist the action of oxidizing agents by increasing the 
synthesis of GSH. 
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1. Introduction 

Listeria monocytogenes is an important food-borne pathogen. It causes approximately 2500 new cases of 
listeriosis every year in the US. The main targets of the bacteria are the new-born, pregnant women, the elderly, 
and those with immune system deficiencies, with a mortality rate of 37%. Control of the organism is difficult, 
due to its widespread distribution in nature, intrinsic physiological resistance, capacity to adapt, and ability to 
grow at low temperatures (McEntere, Carman, & Montiville, 2004). 

The combined use of techniques such as low temperatures, acidification, and natural or artificial preservatives 
can complicate the control of L. monocytogenes in foods, since these procedures alter the physicochemical 
characteristics of the materials (Rohani et al., 2011; Valero et al., 2006). 

As part of the continuing drive to improve food safety, natural substances have been investigated for use as 
antimicrobial and antioxidant agents that could improve the organoleptic quality, acceptability, and shelf-life of 
foods (Rohani et al., 2011). These substances include nisin and gallic acid. 

Nisin, a well-known bacteriocin with Generally Recognized as Safe (GRAS) status, is used in many countries 
worldwide. It shows inhibitory action against Gram-positive bacteria including L. monocytogenes. The 
anti-listerial properties of nisin have been studied in a variety of foodstuffs, while some microorganisms can 
develop resistance to the compound (Boziaris & Nychas, 2006; Murdock et al., 2007). 
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Many different approaches have been proposed with the aim of increasing the antibacterial activity of nisin and 
extending its range of applications, including the combination of the drug with other substances possessing 
antibacterial activity (He & Chen, 2006). One possibility is the combination of nisin with gallic acid, which 
exhibits recognized antioxidant, antimicrobial, antimutagenic, and anticarcinogenic properties (Savi et al., 2005). 
The present work investigates the effects of nisin and gallic acid, used either alone or in combination, against the 
bacterium Listeria monocytogenesScott A CmrEmr. 

2. Materials and Methods 

2.1 Microorganism and Conditions of Growth 

The Listeria monocytogenes Scott A CmrEmr (Foegeding et al., 1992) strain was employed, which is resistant to 
the antibiotics chloramphenicol and erythromycin. Before use, the culture was reactivated for 24 hours at 37oC in 
tryptic soy broth containing 0.6% yeast extract (TSB-YE), with addition of 5 µg/ml of chloramphenicol and 0.5 
µg/ml of erythromycin (both obtained from Sigma-Aldrich Chemical Co., Germany), and 20% glycerol (Synth, 
São Paulo, Brazil). A culture of the pathogen was kept at -20oC in TSB-YE broth containing 20% glycerol. For 
the biochemical tests, the culture was propagated in TSA-YE agar medium for 18 hours at 30o C, under constant 
agitation at 100 rpm. 

2.2 Preparation of the Antimicrobial Agents 

The stock solution of gallic acid (GA) (Sigma-Aldrich, St. Loius, USA) was prepared at a concentration of 0.2 
g/ml by dissolution in ethanol. The stock solution of nisin (N) (Nisaplin, Applin& Barrett, UK) was prepared at a 
concentration of 0.1 g/ml (100,000 IU) by dissolution in 0.02 M HCl. The stock solutions were diluted in sterile 
water according to the concentrations required. 

2.3 Antibacterial Activity 

2.3.1 Agar Diffusion Assay 

The agar diffusion test was used to investigate the antibacterial effects of nisin and gallic acid (Harris, Daeschel, 
& Klaenhammer, 1989). Agar plates were inoculated with the bacterial culture grown overnight in liquid 
medium and containing approximately 109 UFC/ml. Holes were made in the agar, into which were placed 40 µL 
of each test substance (N at concentrations of 12.5, 25, 50, and 100 IU/ml, GA at concentrations of 2, 4, and 8 
mg/ml, and GA+N at concentrations of 0.5 mg/ml + 6.25 IU/ml, 1 mg/ml + 25 IU/ml, and 2 mg/ml + 50 IU/ml), 
together with the corresponding vehicles. In agar diffusion test was not possible to use concentrations of gallic 
acid above 8 mg/ml due low solubility of this compound. After incubation at 30ºC for 24 hours, the zone of 
inhibition was measured, to an accuracy of 0.5 mm. The test was performed in triplicate, and the results 
expressed as means ± standard deviations (SD). 

2.3.2 Growth Curve of Listeria monocytogenes Scott A CmrEmr in the Presence of Nisin and Gallic Acid 

TBS-YE was used as the liquid growth medium in this experiment. Nisin and gallic acid were added to the 
medium in order to obtain final concentrations of 200 mg/100 ml and 400 mg/100 ml (GA), 250 IU/100 ml and 
500 IU/100 ml (N), and 200 mg/100 ml + 250 IU/100 ml (GA+N). Ethanol was added to the medium to obtain a 
final concentration of 5% (v/v), the maximum concentration of ethanol present in the gallic acid solution. The 
medium was inoculated with 7% of a bacterial culture grown overnight at 30oC under constant agitation at 100 
rpm. Bacterial growth was evaluated using the optical density at 600 nm, and by determination of the number of 
viable cells grown on TSA-YE agar.  

2.4 Determination of Lipid Peroxidation Induced by Nisin and Gallic Acid in Listeria monocytogenes Scott A 
CmrEmr 

After incubation of L. monocytogenesfor 18 hours at 30°C, under constant agitation at 100 rpm, a 109 CFU/ml 
density of bacteria was incubated with nisin and gallic acid for a further 18 hours under the same conditions. The 
concentration of GA in the medium was varied between 4 and 40 mg/ml, and that of N between 100 and 500 
IU/ml. The same concentrations were used for the mixture (GA+N). After incubation, the samples were 
centrifuged at 2,500 x g for 10 minutes, and the pellet of cellular material was washed twice with sterile pH 7.4 
PBS buffer. The pellet was resuspended using sterile 0.1 M phosphate buffer (pH 7.4), with addition of 60 
mg/ml of lysozyme to aid disruption of the bacterial cell walls, and sonicated for 30 minutes. Lipid peroxidation 
was determined according to the method proposed by Bird and Draper (1984), adding a suspension of 12% 
trichloroacetic acid (TCA) and 0.73% thiobarbituric acid (TBA), with heating at 100 oC for one hour, cooling to 
ambient temperature, centrifuging at 10,000 x g, and measurement of the absorbance of the supernatant at 535 



www.ccsenet.org/jfr Journal of Food Research Vol. 1, No. 4; 2012 

37 
 

nm. The extent of lipid oxidation was indicated by the formation of malondialdehyde (MDA) and other 
substances that react with TBA, and the values were expressed as percentages relative to the control. 

2.5 Determination of the Concentration of Reduced Glutathione (GSH) after Exposure of Listeria 
monocytogenes Scott A CmrEmr to Nisin and Gallic Acid 

Reduced glutathione was determined according to the method proposed by Tietz (1969). In this technique, the 
sulfhydryl groups of GSH interact with 5,5’-dithio-bis-2-nitrobenzoic acid (DTNB), producing GSTNB (an 
oxidized form of GSH), which leads to the release of 5-thio-2-nitrobenzoic acid (TNB), a yellow-colored 
compound. For determination of the GSH content, L. Monocytogenes was first incubated in TSB-YE medium for 
18 hours at 30o C, under constant agitation at 100 rpm. A 109 CFU/ml density of bacteria was then incubated with 
nisin and gallic acid for a further 18 hours under the same conditions. The concentration of GA added to the 
medium was varied between 4 and 40 mg/ml, and that of N between 100 and 500 IU/ml, whether used alone or 
in combination. After incubation, the samples were centrifuged at 2,500 x g for 10 minutes, and the cellular 
pellet was washed twice with sterile pH 7.4 PBS buffer. The pellet was resuspended in 12% TCA, and submitted 
to ultrasonication for 30 minutes to aid disruption of the cell walls. The sample was then centrifuged at 5,000 x g 
for 10 minutes, and the concentration of GSH in the supernatant was determined. The procedure consisted of 
mixing the cellular supernatant with the reaction medium (75 µM DTNB and 0.1 M phosphate buffer, at pH 8.0). 
The color change was measured at 412 nm after 15 minutes incubation at ambient temperature. At the same time, 
a GSH standard curve was generated using concentrations of between 1 nM and 1 µM. The GSH values were 
calculated after interpolation by linear regression, and expressed as percentages relative to the control. 

2.6 Statistical Analysis 

The experiments were repeated three times. The average values were submitted to analysis of variance 
(ANOVA), followed by Tukey’s post-hoc test. A value of p < 0.05 was considered to indicate a significant 
difference. 

3. Results 

3.1 Antibacterial Activity 

The agar diffusion test was used to evaluate the anti-listeria activities of different concentrations of nisin and gallic 
acid, used either alone or in combination. The greatest effect was obtained using GA, with a zone of inhibition 
varying between 7.25 ± 0.479 and 14.75 ± 0.85 mm, for concentrations of 2 and 8 mg/ml, respectively. The 
greatest effect for nisin occurred at a concentration of 100 IU/ml, with a zone of inhibition of 10.25 ± 0.479 mm. 
When GA and N were used in combination, the maximum inhibition zone was 11.5 ± 0.289 mm. There was no 
evidence of any appreciable synergistic effect, since GA at 4 mg/ml and N at 100 IU/ml produced inhibition zones 
of 8.5 ± 0.645 mm and 10.25 ± 0.479 mm, respectively (Figure 1). 
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Figure 1. Antimicrobial activity of nisin (N) and gallic acid (GA) against Listeria monocytogenes Scott A 
CmrEmr 
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3.2 Growth Curve of Listeria monocytogenes Scott A CmrEmr in the Presence of Nisin and Gallic Acid 

The effects of the different concentrations of nisin and gallic acid (used either alone or in combination) on the 
growth of Listeria monocytogenesare illustrated in Figure 2. At a concentration of 400 mg/100 ml, gallic acid 
caused 34% inhibition of the growth of the microorganism after 10 hours of exposure (Figure 2A), with the effect 
continuing up to 18 hours of exposure. At a concentration of 250 IU/100 ml, nisin did not promote any significant 
inhibition of growth up to 18 hours of exposure (Figure 2B); however, at 500 IU/100 ml there was a significant 
inhibition of bacterial growth, of 23%. There was a significant reduction in growth, of 45%, after 8 hours of 
exposure using a combination of nisin at 250 IU/100 ml and gallic acid at 200 mg/100 ml (Figure 2C), which was 
maintained up to around 12 hours. After this period of exposure, the reduction in growth was only 12%.  
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Figure 2. Growth curves for Listeria monocytogenes Scott A CmrEmr in TSB-YE supplemented with different 
concentrations of gallic acid (GA) and nisin (N), either alone or in combination 

A: GA at 200 and 400 mg/100 ml, and control (5% ethanol). B: N at 250 and 500 IU/100 ml, and control 
(distilled water). C: GA plus N at concentrations of 200 mg/100 ml and 250 IU/100 ml, and control (5% ethanol 
plus distilled water). Each point represents the mean ± standard deviation of three determinations. 

 

3.3 Number of Viable Cells after Exposure of Listeria monocytogenes Scott A CmrEmrto Nisin and Gallic Acid 

After 18 hours of exposure of L. monocytogenesto nisin and gallic acid, either alone or in combination, a 
significant reduction in the number of viable cells was only obtained for nisin used alone (Figure 3). Hence, even 
though gallic acid reduced the cell density by 34% after 18 hours of exposure to a concentration of 400 mg/100 
ml, it was not able to significantly reduce the number of viable cells. 
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Figure 3.Viable cells of Listeria monocytogenesScott A CmrEmr after 18 hours/ of cultive in TSB-YE medium 
supplemented with different concentrations of gallic acid (GA) and nisin (N), either alone or in combination, 

after Each point represents the mean ± standard deviation of three determinations. *p < 0.05 in comparison with 
the respective controls 

 
3.4 Determination of Lipid Peroxidation and the Concentration of Glutathione in Listeria monocytogenes Scott A 
CmrEmr after Exposure to Nisin and Gallic Acid 

After 18 hours of exposure of L. Monocytogenesto nisin and gallic acid, either alone or in combination, greatest 
lipid peroxidation was induced using 4 mg/ml of gallic acid, since the concentration of GSH in the cells was 
maintained equal to that of the control. The use of higher concentrations resulted in less lipid peroxidation, with 
the microorganism showing resistance by increased concentrations of GSH (Figure 4, A-B). Nisin was only able 
to induce lipid peroxidation at a concentration of 0.1 mg/ml, with higher concentrations resulting in resistance of 
the bacteria due to increased GSH concentrations (Figure 4, C-D). When nisin and gallic acid were used in 
combination, the effects were similar to those observed for the individual compounds, with reduced lipid 
peroxidation associated with increased GSH concentrations (Figure 4, E-H). 
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Figure 4. Effect of different substances on lipid peroxidation (%) and the concentration (%) of reduced 
glutathione (GSH) in cultures of L. monocytogenesScott A CmrEmr, after 18 hours exposure to different 

concentrations of the compounds 

A: lipid peroxidation versus gallic acid. B: concentration of GSH versusgallic acid. C: lipid peroxidation versus 
nisin. D: concentration of GSH versus nisin. E: lipid peroxidation versus gallic acid combined with 0.1 mg/ml of 
nisin. F: GSH versus gallic acid combined with 0.1 mg/ml of nisin. G: lipid peroxidation versus nisin combined 
with 4 mg/ml of gallic acid. H: concentration of GSH, versus nisin combined with 4 mg/ml of gallic acid. Each 
point represents the mean ± standard deviation of three determinations. *p < 0.05 in comparison with the 
respective controls. 
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4. Discussion 

The results showed that gallic acid at a concentration of 8 mg/ml was able to promote inhibition of bacterial 
growth, as assessed using the diameter of the zone of inhibition (Figure 1). Meanwhile, when a 7% concentration 
of bacteria was exposed to different concentrations of nisin and gallic acid, alone or in combination, the 
compounds were unable to reduce the number of viable cells after 18 hours (Figure 3). These findings indicate 
that the bacterial strain employed was resistant to the action of both nisin and gallic acid. Other authors have 
suggested that gallic acid can act synergistically with antibiotics used against Pseudomonas aeroginosa, and that 
it is effective against the herpes simplex virus, suggesting that it could be a likely candidate for use in topical 
medicines for treatment of the virus (Jayaraman et al., 2010; Kratz et al., 2008). 

Studies have shown that several different strains of L. monocytogenes are resistant to the action of nisin (Abee et 
al., 1994; Crandall & Montville, 1998; Azizoglu & Kathniou, 2010). However, some strains are sensitive, 
indicating that nisin might be able to be used as a food additive to inhibit the proliferation of L. monocytogenes 
and other pathogenic bacteria present in contaminated food (Samelis et al., 2005; Hara et al., 2009). In United 
States of American nisin is used at maximum concentration of 10000 IU/g. Here we used a lower concentration 
(500 IU/ml) in according to Brazilian legislation (Cleveland et al., 2001). 

The L. monocytogenes Scott A CmrEmr strain was shown to be resistant to the action of nisin and gallic acid, 
used either alone or in combination, which could be related to the capacity of the bacteria to increase 
concentrations of GSH, and therefore become resistant to oxidative stress. Work by Azizoglu and Kathariou 
(Azizoglu & Kathniou, 2010) indicated that growth of L. monocytogenes under aerobic conditions is associated 
with higher activity of the catalase enzyme, promoting greater resistance to oxidative stress. The present results 
support this possibility, and suggest that the resistance of the strain employed could be related to increased 
bacterial antioxidant activity, reflected in an increase in GSH concentrations and a consequent reduction in lipid 
peroxidation under aerobic conditions. There are few published reports that have related the resistance of the 
pathogen to antioxidant activity. Some of the earlier work has suggested that the resistance of L. monocytogenes 
to nisin is associated with alterations in membrane lipids that increase the rigidity of the bacterial membrane 
(Ming & Daeschel, 1993; McEntire, Montiville, & Chikindas, 2003; McEntere, Carman, & Montiville, 2004). 
Other work has proposed that resistance to nisin may be associated with greater sensitivity to the action of acids, 
which could be mediated by cellular depletion of ATP (McEntire, Montiville, & Chikindas, 2003; McEntere, 
Carman, & Montiville, 2004).  

The combination of nisin and gallic acid was shown to be ineffective, since the diameter of the inhibition zone 
was smaller in the presence of both compounds than when the compounds were used individually (Figure 1). 
Probably this antagonistic effect was due potential antioxidant of gallic acid. When the combination was used, 
there was a reduction in cell density after 18 hours of exposure; however, there was no significant reduction in 
the number of viable cells (Figures 2C and 3). This effect may be related to recovery of injured but not death 
cells by treatment (18 hours) after culture in agar plate. Similar findings were reported by Vaquero, Rodrigues 
and Nadra (2007), using gallic acid alone, where optical density measurements showed that there was inhibition 
of cell growth at concentrations in excess of 200 mg/L, while only concentrations above 500 mg/L were effective 
in reducing the numbers of viable cells. 

Resistance of the L. monocytogeness train was associated with a concentration-dependent increase in GSH levels 
in the presence of stressor agents. Some studies have found that GSH can react with electrophilic compounds, 
promoting cellular detoxification and consequently bacterial resistance to the antimicrobial action of the 
compounds, especially in strains of E. coli, where GSH appears to play the key role in bacterial resistance (Liuet 
al., 2009; Pittman, Robinson, & Poole, 2005). It can therefore be concluded that the strain of L. Monocytogenes 
studied in the present work was able to resist the action of oxidizing agents by increasing the synthesis of GSH. 
In light of this, further studies using this bacterial strain should be conducted to investigate the activities of 
important antioxidant enzymes and their involvement in microbial resistance to the action of antibacterial agents. 
Maybe an alternative model to evaluate the antagonistic action of different compounds against pathogens is 
using complex food systems. Milk and derivatives is an option. 

References 

Abee, T., Rombouts, F. M., Hogenholtz, J. G. G., & Letellier, L. (1994). Mode of Action of Nisin Z against 
Listeria monocytogenes Scott A Grown at High and Low Temperature. Apllied and Environmental 
Microbiology, 60, 1962-1968. http://aem.asm.org/content/60/6/1962 

Azizoglu, R. O., & Kathniou, S. (2010). Temperature-dependent Requirement for Catalase in Aerobic Growth of 
Listeria monocytogenes F2365. Applied and Environmental Microbiology, 76, 6998-7003. 



www.ccsenet.org/jfr Journal of Food Research Vol. 1, No. 4; 2012 

42 
 

http://dx.doi.org/10.1128/AEM.01223-10 

Bird, R. P., & Draper, H. H. (1984). Comparative studies on methods of malonaldehyde. Methods Enzymology, 
105, 299-305. 

Boziaris, I. S., & Nychas, G. J. (2006). Effect of nisin on growth boundaries of Listeria monocytogenes Scott A, 
at various temperatures, pH and water activities. Food Microbiology, 23, 779-784. 
http://dx.doi.org/10.1016/j.fm.2006.03.003 

Cleveland, J., Montville, T. J., Nes, I. F., & Chikindas, M. L. (2001). Bacteriocins: safe, natural antimicrobials 
for food preservation. International Journal of Food Microbiology, 71, 1-20. 

Crandall, A. D., & Montville, T. J. (1998). NisinResistencein Listeria monocytogenes ATCC 700302 Is a 
Complex Phenotyp. Apllied and Environmental Microbiology, 64, 231-237. 
http://aem.asm.org/content/64/1/231.full 

Foegeding, P. M., Thomas, A. B., Pilkington, D. H., & Klaenhammer, T. R. (1992). Enhanced control of Listeria 
monocytogenesby in situ-produced pediocin during dry fermented sausage production. Appllied and 
Environmental Microbiology, 58, 884-890. http://aem.asm.org/content/58/3/884.full.pdf+html 

Hara, H., Ohashi, Y., Sacarai, T., Yagi, K., Fugisawa, T., & Igimi, S. (2009). Effect of Nisin( Nisaplin) on the 
Growth of Listeria monocytogenes in Karashi – metaiko (Red- pepper Seasoned Cod Roe). Journal of the 
Food Hygienic Society of Japan, 50, 173-177. http://dx.doi.org/10.3358/shokueishi.50.173 

Harris, L. J., Daeschel, M. A., & Klaenhammer, T. R. (1989). Antimicrobial activity of lactic acid bacteria 
against Listeria monocytogenes. Journal of Food Protection, 52(6), 384-387. 

He, L., & Chen, W. (2006). Synergetic activity of nisin with cell-free supernatant of Bacillus licheniformis 
ZJU12 against food-borne bacteria. Food Research International, 39, 905-909. 

Jayaraman, P., Sakharkar, M. K., Lim, C. S., Tang, T. H., & Sakharkar, K. R. (2010). Activity and interactions of 
antibiotic and phytochemical combinations against Pseudomonas aeruginosa in vitro. International Journal 
of Biological Sciences, 6(6), 556-568. 

Kratz, J. M., Andrighetti-Fröhner, C. R., Leal, P. C., Nunes, R. J., Yunes, R. A., Trybala, E., … Simões, C. M. O. 
(2008). Evaluation of Anti-HSV-2 Activity of Gallic Acid and PentylGallate. Biological Pharmarmaceutical 
Bulletin, 31(5), 903-907. http://dx.doi.org/10.1248/bpb.31.903 

Liu, G., Zhou, J., Shiang Fu, Q., & Wang, J. (2009). The Escherichia coli AzoreductaseAzoR Is Involved in 
Resistance to Thiol-Specific Stress Caused by Electrophilic Quinones. Journal of Bacteriology, 191, 
6394-6400. http://dx.doi.org/ 10.1128/JB.00552-09 

McEntere, J. C., Carman, G. M., & Montiville, T. J. (2004). Increased ATPase Activity Is Responsible for Acid 
Sencitivity of Nisin-Resistant Listeria monocytogenes ATCC 700302. Apllied and Environmental 
Microbiology, 70(5), 2717-2721. http://dx.doi.org/10.1128/AEM.70.5.2717-2721.2004 

McEntire, J. C., Montiville, T. J., & Chikindas, M. L. (2003). Synergy between nisin and select lactates against 
Listeria monocytogenesisduetothe metal cations. Journal of Food Protection, 66, 1631-1636. 

Ming, X., & Daeschel, M. A. (1993). Nisin resistance of foodborne bacteria and the specific resistance response 
of Listeria monocytogenesScott A. Journal of Food Protection, 56, 444-448. 

Murdock, C. A., Cleveland, J., Matthews, K. R., & Chikindas. M. L. (2007). The synergistic effect of nisin and 
lactoferrin on the inhibition of Listeria monocytogenes and Escherichia coli O157:H7. Letters in Applied 
Microbiology, 44, 255-261. http://dx.doi.org/10.1111/j.1472-765X.2006.02076.x 

Pittman, M. S., Robinson, H. C., & Poole, R. K. (2005). A Bacterial Glutathione Transporter (Escherichia coli 
CydDC) Exports Reductant to the Periplasm.The Journal of Biological Chemistry, 280, 32254-32261. 
http://dx.doi.org/10.1074/jbc.M503075200 

Rohani, S. M. R., Moradi, M., Mehdizadeh, T., Saei-Dehkordi, S. S., & Griffiths, M. W. (2011). The effect of 
nisin and garlic (Allium sativum L.) essential oil separately and in combination on the growth of Listeria 
monocytogenes.LWT - Food Science and Technology, 44, 2260-2265. 

Samelis, J., Bedie, G. K., Sofos, J. N., Belk, K. E., Scanga, J. A., & Smith, G. C. (2005). Combinations of nisin 
with organic acids or salts to control Listeria monocytogenes on sliced pork bologna stored at 4oC in 
vacuum packages. Lebensm.-Wiss. u.-Technol, 38, 21-28. 

Savi, L. A., Leal, P. C., Vieira, T. O.,Rosso, R., Nunes, R. J., Yunes, R. A., … Simões, C. M. (2005). Evaluation 



www.ccsenet.org/jfr Journal of Food Research Vol. 1, No. 4; 2012 

43 
 

of anti-herpetic and antioxidant activities, and cytotoxic and genotoxic effects of synthetic alkyl-esters of 
gallic acid. Arzneimittelforschung, 5, 66-75. http://dx.doi.org/10.1055/s-0031-1296825 

Tietze, F. (1969). Enzymatic method for quantitative determination of nanogram amounts of total and oxidized 
glutathione: applications to mammalian blood and others tissues. Analytical Biochemistry, 27, 502-522. 

Valero, A., Carrasco, E., Pérez-Rodriguez, F., Garcia-Gimeno, R. M., & Zurera, G. (2006). Growth/no growth 
model of Listeria monocytogenesas a function of temperature, pH, citric acid and ascorbic acid. European 
Food Research Technology, 224, 91-100. 

Vaquero, M. J., Rodrigues, A. R. M., & de Nadra, M. M. (2007). Influence of wine compounds on the growth of 
Listeria monocytogenes. Food Control, 18, 583-593. 

 

 

 

 

 

 

 

 

 

 

 

 

 


