
 

 

Carvacrol was additionally tested on Listeria monocytogenes, Pseudomonas 

aeruginosa, and Lactobacillus acidophilus, and it was found that it did not inhibit the 

growth of these bacteria. 

3.8. Effectiveness Of Carvacrol As An Antimicrobial 

 Based on the above findings, carvacrol is shown to be effective as a bactericide 

for E.coli, Salmonella, and possibly other Gram-negative bacteria. It was able to reduce 

the bacterial growth of E.coli at 500ppm and S. enteritidis at 800ppm (Table 3.1). In its 

nanoemulsion form, it has the ability to be used in a wide range of food applications, 

including water-based food and drink (Chang et. al., 2013).  
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Figure 3.1.   Microtiter plate assay utilizing alamarBlueTM.   A) Microtiter plate of E. coli O157:H7 (24h growth at 

37°C) after addition alamarBlueTM.  B) Color change after 1 hour incubation at 37°C.  Un-inoculated negative controls 

(rows D-F) all show blue color indicating no microbial growth.  Inoculated positive controls either in TSB (G1 and 2, 

and H1 and 2), and MCT emulsion controls (Rows A-C, wells 7-12), all show red color, indicating bacterial growth.  

Antimicrobial emulsions were added at concentrations of 2000 (A1, B1, C1), 1000, (A2, B2. C2), 500 (A3, B3, C3), 

250 (A4, B4, C4) 125 (A5, B5, C5), and 62.5 (A6, B6, C6) 
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Figure 3.2. Well scan fluorescence and absorbance readings of the microtiter plate for E.coli O157:H7. A) 

Fluorescence reading. Color change is evident after the third well (500ppm.) 

B) Absorbance reading. Note the lack of color change, indicating that absorbance is not an ideal way of analyzing the 

color changes of alamarBlueTM dye reagent. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Figure 3.3. RFU versus concentration of nanoemulsion. E.coli O157:H7 is shown to be inhibited at 500ppm. 
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Figure 3.4. The effect of carvacrol on S. enteritidis. Color change is evident after the second well (1000ppm.) 

 

 

 

 

 

 

 

 

 
 

 

 

 

Figure 3.5. Well scan fluorescence reading of the microtiter plate for S. enteritidis. Color change is evident after the 

second well (1000ppm.) 
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Figure 3.6. RFU versus concentration of nanoemulsion. S. enteritidis is shown to be inhibited at 1000ppm. 
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Table 3.1. MIC as determined visually (color), by fluorescence, and by traditional plating. Based on the traditional 

plating method, which is considered the most accurate, the MIC of carvacrol for E. coli is 500ppm and for S. enteritidis 

is 800ppm. 
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3.9. Effectiveness Of The Microtiter Plate Assay 

 The microtiter plate assay was shown to be effective in determining the MIC of 

both E.coli and S. enteritidis. By diluting the emulsion from 2000 to 62.5 ppm across the 

wells, it was easy to see where bacterial growth stopped as determined by the color 

change of alamarBlueTM. Using white plates instead of clear plates was also effective for 

reading the fluorescence of alamarBlueTM. One issue that was experienced in this assay 

was in-between color changes that were not clear to read. Because of this, the traditional 

plating method for determining MIC was necessary in order to confirm the concentrations  

at which bacterial growth was reduced. It was also necessary to develop a standard curve 

assay to determine the sensitivity of alamarBlueTM and the lowest CFU/ml of growth 

detectable by the dye. 

3.10. Effectiveness Of The Sensitivity Assay 

The sensitivity assay was necessary to determine the lowest CFU/ml detectable by 

alamarBlueTM. By diluting the inoculum in a 1:10 dilution series across the microtiter 

plate wells and adding dye to each well, it was clear to see which wells displayed color 

change. Because the initial cell numbers of the inoculum were known, it was simple to 

calculate the cell number in each well (Figure 3.7). 

3.11. Discussion 

 Because carvacrol and other antimicrobial essential oils are derived from  

use and effectiveness of carvacrol as an antimicrobial has been observed in many studies. 

Carvacrol works by disrupting the cytoplasmic membrane of a bacterial cell, effectively 

causing cell death (Landry et. al., 2015). Because pure carvacrol has poor water 

solubility, it is necessary to emulsify it so that it can be used in aqueous solutions. One  
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Figure 3.7. Sensitivity of alamarBlueTM. A) The lowest CFU/ml of E. coli detectable by alamarBlueTM. is 104 CFU/ml. 

B) The lowest CFU/ml of S. enteritidis detectable by alamarBlueTM. is 105 CFU/ml. 
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issue that occurs with carvacrol nanoemulsions is that they are thermodynamically 

unstable, and the oil droplets can only remain dispersed for about three weeks at 4 °C 

before separation occurs. However, creating the nanoemulsion is a relatively fast and 

simple process.  

 Carvacrol was able to successfully inactivate E. coli at 500ppm and S. enteritidis 

at 800ppm. The use of essential oils as antimicrobial agents is of interest in the food  

processing industry, as consumers are increasingly becoming more interested in the use 

of natural compounds in the place of traditional agents. Developing an antimicrobial 

treatment that follows food grade and GRAS standards can provide an alternative to 

antibiotics, which cause bacterial resistance that poses a threat to human health. While 

the success of carvacrol as an antimicrobial treatment is apparent, a solution is still 

needed for reducing the growth of Listeria monocytogenes and other commonly 

encountered foodborne pathogens. In future studies, testing the efficiency of 

antimicrobial essential oils in reducing the growth of other pathogens is necessary before 

they can eventually be used as treatments in the food industry. 
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