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3. Results and Discussion 

3.1 Thyme essential oil (MICs) for in-vitro tests 

The MICs of thyme essential oil for each studied microorganism at each tested temperature 

can be seen in Table 1. 

 

Table 1. Minimal inhibitory concentration for L. monocytogenes Scott A or E. coli ATCC 

25922 at 10°C or 20°C. 

Microorganism Temperature 

(°C) 

MIC (µl thyme 

essential oil 

solution)  

MIC (µl thyme essential 

oil/g agar)* 

L. monocytogenes 

Scott A 

10 10 0.14 

 20 40 0.56 

E. coli ATCC 

25922 

10 0 0 

 20 10 0.14 
* For calculating these concentrations it was taken into account that the average weight of agar was 35 g. 

 

It can be seen that in general, the growth of E. coli is inhibited with a smaller amount 

of thyme essential oil than the growth of L. monocytogenes at both temperatures. The 

foregoing implies that L. monocytogenes has a higher resistance to the antimicrobial activity 

of the thyme essential oil than E. coli; however, at 10°C the growth of E. coli was inhibited 

simply by the low temperature and no essential oil is needed. The latter result means that L. 

monocytogenes can grow at lower temperatures than E. coli, thus a lower quantity of thyme 

essential oil was needed to inhibit the growth of E. coli than to inhibit the growth of L. 

monocytogenes. Adams et al. (2016) state that the minimum temperature for the growth of 

E. coli is 7-10°C and for L. monocytogenes is -1-0°C, which confirms that a temperature of 

10°C is a better environmental condition for growth of L. monocytogenes than for E. coli.  

It also can be noticed that the higher the temperature is, the more thyme essential oil 

is needed to inhibit the growth of studied microorganisms; the temperature influences the 

antimicrobial response of the studied bacteria to thyme essential oil. But also, this situation 

can be attributed to the fact that a higher temperature usually favors the growth of 

microorganisms (Tortora, 2007), namely at 20°C is more feasible for microorganisms to 

grow that at 10°C, therefore more thyme essential oil is needed.  

3.2 Cheese characterization 

In previous studies it was observed that fresh cheeses without preservatives, which are 

commonly sold in local markets, contain a high microbial load that includes E. coli and L. 

monocytogenes (see Tables 1 and 2). Therefore, it was of great importance, for obtaining 

reliable results, that the fresh cheese used for this study had no E. coli and L. monocytogenes. 
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Hence, it was considered as necessary the manufacture of a fresh cheese from scratch to 

ensure that the cheese had the least number of microorganisms possible. 

 

Table 2. Microbial content of local market fresh cheese 1. 

Microorganism log(CFU/g) 

Coliforms 7.23±0.46 

E. coli 7.05±0.16 

L. monocytogenes 5.11±0.10 

S. aureus 6.64±0.03 

Aerobic mesophilic bacteria 7.85±0.05 

Yeasts and molds * 
* Not determined. 

 

Table 3. Microbial content of local market fresh cheese 2. 

Microorganism log(CFU/g) 

Coliforms 6.18±0.04 

E. coli 6.13±0.10 

L. monocytogenes 5.27±0.10 

S. aureus 7.80±0.01 

Aerobic mesophilic bacteria 3.70±0.01 

Yeasts and molds 4.25±0.04 

 

3.2.1 Microbiological characterization 

No growth was observed in the Violet Red Bile, EMB, Oxford, and Chapman 110 agars 

where studied cheese dilutions were inoculated, which means that our fresh cheese was free 

of coliforms, E. coli, L. monocytogenes, and S. aureus. However, in the Standard Methods 

and Potato Dextrose agars growth was observed, meaning that the cheese did contain aerobic 

mesophilic microorganisms and yeasts and molds. The quantities of these microorganisms in 

the prepared fresh cheese is shown in Table 4. 

 

Table 4. Microbiological content of fresh cheese made from scratch. 

Microorganism log(CFU/g) 

Aerobic mesophilic bacteria 4.75 ± 0.21 

Yeasts and molds 1.92 ± 0.11 

 

It is important to mention that the presence of aerobic mesophilic bacteria, yeasts and 

molds is typical and within Mexican standards (NOM-243-SSA1-2010). Therefore, these 

results show that the manufactured cheese was suitable for use for the following stages of the 
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study since it had no E. coli nor L. monocytogenes, which would allow an exact control of 

the quantity of these microorganisms that are inoculated in the cheese and how they response 

to the applied factors. 

Soto-Beltran et al. (2015) performed a characterization of microorganisms in 75 

samples of fresh cheese from retail markets of the State of Sinaloa, Mexico. These samples 

were analyzed for L. monocytogenes, E. coli, and coliforms, among others. They detected L. 

monocytogenes, coliforms, and E. coli in 9.3%, 100% and 94% of the samples tested, 

respectively, which shows that effectively fresh cheese is a carrier of foodborne pathogens 

like L. monocytogenes and E. coli, and that it is of great importance to accomplish their 

inhibition.  

3.2.2 Physicochemical characterization 

The results of the physicochemical characterization of our studied fresh cheese are shown in 

Table 5. 

 

Table 5. Manufactured fresh cheese composition. 

 % 

Moisture 63.42±1.77 

Protein 11.48±1.49 

Fat 5.40±0.13 

Ashes 1.85±0.03 

 

In order to compare our fresh cheese, a fresh cheese was searched in the USDA 

Branded Food Composition Database, which had physicochemical characteristics similar to 

the ones of our studied fresh cheese. The fresh cheese with the greatest resemblance found 

was the one made by the manufacturer Cardenas, whose ingredients claim to be: pasteurized 

milk, salt, enzymes and cultures. The following table shows the composition of this cheese 

(United States Department of Agriculture, 2017). 

 

Table 6. Cardenas fresh cheese composition. 

 % 

Moisture 73.23 

Protein 12.14 

Fat 8.43 

Ashes 0.419 

Carbohydrate, by difference 5.46 

Fiber, total dietary 0 

Sugars, total 0.32 
(United States Department of Agriculture, 2017). 
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In the Table 6, the protein, fat, carbohydrate, fiber and sugars data were obtained 

directly from the USDA, while the ash data was calculated by summing all the amounts of 

minerals reported on the page, and the moisture content data was calculated as follows: 

𝑀𝑜𝑖𝑠𝑡𝑢𝑟𝑒 = 100 − (𝑃𝑟𝑜𝑡𝑒𝑖𝑛 + 𝐹𝑎𝑡 + 𝐴𝑠ℎ𝑒𝑠 + 𝐶𝑎𝑟𝑏𝑜ℎ𝑦𝑑𝑟𝑎𝑡𝑒 + 𝑆𝑢𝑔𝑎𝑟𝑠 + 𝐹𝑖𝑏𝑒𝑟)  

(𝐸𝑞. 6) 

Comparing Tables 5 and 6, it can be said that the studied fresh cheese has more ashes, 

and a lower water, protein, and fat contents than the Cardenas cheese; however, the 

differences are not important. These variance in composition might be due to the use of 

distinct ingredients in the preparation of the cheeses, especially because the Cardenas fresh 

cheese is made with cultures and the studied fresh cheese was not. 

It is important to notice that, for both cheeses, the major component is water, followed 

by protein, fat, and ashes. Thereby, the results of the physicochemical characterization 

confirm that the moisture of this type of cheese is very high, as mentioned by Ramírez-López 

and Vélez-Ruiz (2012), which makes these cheeses highly perishable products. 

The fact that a fresh cheese with similar physicochemical characteristics was found, 

shows that the manufactured cheese truly resembles a commercially available fresh cheese, 

which gives certain level of reliability and representativeness to the present study.  

Díaz-Galindo et al. (2017) performed a physicochemical analysis of fresh cheese 

commercialized in the fixed and popular markets of the State of Mexico, determining 

likewise moisture, ash, fat and protein content. From 64 samples analyzed, they obtained the 

following total average results: Moisture=49.5%; Ash=3.3%; Protein=20.5%; and 

Fat=19.7%.  

It is evident that the results obtained by Díaz-Galindo et al. (2017) are quite different 

from those obtained and found in the USDA. It is important to mention that the majority of 

the fresh cheeses reported in the USDA Branded Food Composition Database do not possess 

physicochemical characteristics so similar to those of the studied fresh cheese, being that the 

majority have a much higher protein and fat content. However, in products like cheese it is 

common to find large differences among different brands, given the nature of the milk, since 

it is well known that milk is a great source of variation in dairy products, and even more 

when commercialized, standardize and homogenized milk is not used, as explained by 

Nickerson (1995). Besides, as mentioned in the introduction, it does not exist a standard 

process for the manufacture of fresh cheese (Ramírez-López & Vélez-Ruiz, 2012), which 

also represents a factor of variability. 

3.3 Determination of thyme essential oil MICs in fresh cheese 

Table 7 shows the initial quantity of E. coli and L. monocytogenes present in the cocktail 

mixture of broths, which was used to inoculate studied cheese rectangles. 
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Table 7. Microbial population in cocktail mixture of broths of E. coli and L. monocytogenes. 

Microorganism log(CFU/g) 

L. monocytogenes 7.57 ± 0.46 

E. coli 8.16 ± 0.21 

 

These results show that E. coli and L. monocytogenes were approximately at the same 

proportion in the cocktail mixture. Besides, the numbers show that both microorganisms were 

present in such amount as to be able to adequately observe if they can grow during the 14 

tested days of storage. 

Since only the antimicrobial effect of the thyme essential oil at 10°C was going to be 

studied; therefore, MICs that were taken into account were the ones found for E. coli and L. 

monocytogenes at 10°C, namely 0 µl and 10 µl of thyme essential oil solution (49%), 

respectively. 

For preparing the MIC and 2MIC essential oil solutions the equation 5 was applied, 

for which it was determined that the cheese rectangles weighed 10 g. Additionally, the MIC 

used in equation 5 was the highest of both found at 10°C, in order to assure the impediment 

of growth of both microorganisms, thus the MIC was 0.14 µl thyme essential oil/g cheese 

and thus 2MIC, 0.28 µl thyme essential oil/g cheese. The grams of agar in the culture 

mediums were obtained by calculating the average weight of 3 agars, resulting in 35 g. The 

result obtained from equation 5 was that the concentrations of the MIC and 2MIC essential 

oil solutions must be of 1.12% and 2.24%, respectively, in order to be able to apply 125 µl 

of these solutions in the respective cheese rectangles, and apply the essential oil in the cheese 

in the exact same concentration as in the agar plates, namely: 0.14 (MIC) and 0.28 µl thyme 

essential oil/g cheese (2MIC). The formulation of the MIC and 2MIC thyme essential oil 

solutions is shown in Table 8. 

 

Table 8. MIC and 2MIC thyme essential oil formulations. 

 Thyme essential oil solution 

 MIC  2MIC 

Thyme essential oil (µl) 112 224 

Emulsifier Tween 80 (µl) 200 200 

Water (ml) 9.688 9.576 

 

It is important to emphasize that the weight of the cheese rectangles was assumed to 

be of 10 g, because the thyme essential oil solutions were prepared before the cheese 

rectangles were cut. However, after the cheese rectangles were cut, these were weighed and 

the average weight of all cheese rectangles was calculated, giving a result of 12.82 ± 1.65 g. 

Having the real average weight of the cheese rectangles, it was possible to calculate the real 

concentration of thyme essential oil on the cheeses for the MIC and 2MIC systems, 
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additionally considering that the thyme essential oil solution was spread on both sides of the 

in-vivo system (cheese) and not only on one side, like it was done for the in-vitro system,  

which duplicated the quantity of thyme essential oil solution applied on the cheese in 

comparison with the quantity of thyme essential oil solution applied on the in-vitro systems. 

In this manner, the concentration of the thyme essential oil in the cheese turned out to be 0.22 

and 0.44 µl thyme essential oil/g cheese, respectively. This means, that the exact same MIC 

and 2MIC were not used for the in-vivo system as for the in-vitro system, due to weight 

adjustments made and the fact that in the in-vivo system there were two surfaces available 

for the application of the thyme essential oil solution and not only one as in the in-vitro 

system. 

The growth of E. coli through the 14 days of the assay is shown graphically in Figure 

2 and numerically in Table 9. Figure 2 displays the quantity of E. coli that were present in 

the cheeses of the three systems each day of the days of analysis. 

 

 

Figure 2. E. coli growth inhibition in the three studied systems. 

 

Table 9. E. coli growth inhibition in the three studied systems. 

Time (days) log(CFU /g) 

System 1 System 2 System 3 

0 3.38 * * 

3 1.48 * * 

6 1.35 * * 

10 1.42 * * 

14 * * * 
* < 10 CFU/g 
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 It is possible to observe that through the 14 days of tested storage there was a decrease 

in growth of E. coli in system 1 until the CFU/g in the cheese reached < 10 CFU/g at day 14, 

which means that at 10°C is not even necessary the application of thyme essential oil in fresh 

cheese in order to inhibit the growth of E. coli, since the cheeses of system 1 didn’t have any 

thyme essential oil. It is important to notice that 14 days are needed to achieve a total 

inhibition of E. coli in fresh cheese stored at 10°C without essential oil, and although the 

quantity of this microorganism gets reduced throughout the assay, for at least 12 days there 

is presence of viable E. coli in the cheese. 

As shown in Figure 2 and Table 9, in the cheeses of systems 2 and 3 there was no 

growth of E. coli since day 0, which means that thyme essential oil at a concentration of 0.22 

and 0.44 µl thyme essential oil/g cheese have an immediate antimicrobial effect against E. 

coli in fresh cheese, that continues when stored at 10°C.  

When the agar systems inoculated with E. coli and without essential oil were stored 

at 10°C not even a single CFU was observed. So, in the cheese under the same conditions 

(system 1), theoretically there should have been no growth of E. coli in the cheese, and even 

less in the systems 2 and 3, where thyme essential oil was added. However, it wasn’t actually 

expected the same effectiveness of the thyme essential oil in the cheese system as in the agar 

system, since in a food system like fresh cheese the microorganisms are more likely to grow 

than in an agar system, that is because of the porous surface of the cheese and the higher 

amount and quality of nutrients (Adams et al., 2016). 

Therefore, it can be concluded that thyme essential oil solution at a concentration of 

at least 0.22 µl thyme essential oil/g cheese (obtained from MIC found for L. monocytogenes 

in an agar system) combined with the low temperature of 10°C results in the total inhibition 

of E. coli in fresh cheese, being that from the moment of the application of the essential oil 

there was no presence of viable E. coli in the studied fresh cheeses. 

The growth of L. monocytogenes through the 14 days of the assay is shown 

graphically in Figure 3 and numerically on Table 10. Figure 3 displays the quantity of L. 

monocytogenes that were present in the cheese each day of the days of analysis. 

 

Table 10. L. monocytogenes growth in the three studied systems. 

Time (days) log(CFU /g) 

System 1 System 2 System 3 

0 3.50 3.89 4.93 

3 3.39 2.78 3.08 

6 3.83 4.93 6.94 

10 5.84 4.15 5.51 

14 5.34 6.14 4.24 
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Figure 3. L. monocytogenes growth in the three studied systems. 

 

First, it is important to notice that at day 0 all cheese systems had viable L. monocytogenes; 

however, it wasn’t the exact same amount (see Table 10) because even though the same 

cocktail mixture of broths was used, this mixture wasn’t so homogeneous so that in each 

milliliter there would be exactly the same amount of L. monocytogenes and E. coli. 

 In general, the graph of system 1 shows an increasing trend, which means that the 

number of colony-forming units of L. monocytogenes in the cheeses of system 1 increased 

during the 14 days of assay. These results are expected, because cheeses of system 1 didn’t 

have any thyme essential oil and, as seen in the first stage of the present study, the growth of 

L. monocytogenes was not inhibited by the temperature of 10°C as in the case of E. coli. 

Hence, if the inoculation of the cheeses was successful and the microorganisms were viable 

in the mixture of broths, L. monocytogenes was expected to grow. 

 The graph of system 2 shows that there is an increase of colony-forming units of L. 

monocytogenes in the cheeses of system 2 over time. In fact, on day 14 of the assay, the 

difference of number of CFUs between the cheese of system 1 and the cheese of system 2 is 

bigger than on day 0, being that the latter has more CFUs (see Table 10), which could mean 

that the cheeses of system 2 provided a better environment for the growth of L. 

monocytogenes. However, this can be discarded because in the first part of the study it was 

proven that the thyme essential oil does have an antimicrobial effect against L. 

monocytogenes and at no time was it observed that the thyme essential oil favored its growth. 

What can be concluded of these results is that even a concentration of thyme essential oil of 

0.22 µl thyme essential oil/g cheese higher than the MIC (0.14 µl thyme essential oil/g 

cheese) found in-vitro wasn’t enough to inhibit the growth of L. monocytogenes in fresh 

cheese. The latter means that either the thyme essential oil doesn’t exhibit the same 

0

1

2

3

4

5

6

7

8

0 2 4 6 8 10 12 14 16

lo
g(

C
FU

/g
)

Time (d)

System 1 System 2 System 3



19 

 

effectiveness in a food system as in an agar system or that in fresh cheese L. monocytogenes 

has a greater resistance to thyme essential oil. 

 Unlike the two previous graphs, the graph of system 3 grossly shows a decreasing 

trend, which means that at the beginning of the assay (day 0) the cheese of system 3 had more 

colony-forming units of L. monocytogenes than at the end of the assay (day 14). With these 

results, it can be concluded that thyme essential oil at a concentration of 0.44 µl thyme 

essential oil/g cheese (obtained from twice the in-vitro MIC) does influence the growth of L. 

monocytogenes in fresh cheese stored at 10°C for 14 days. Nevertheless, even at this 

concentration the growth is not inhibited, it is simply reduced and only by 0.69 log(CFU/g) 

(see Table 10). 

Theoretically, thyme essential oil at a concentration of 0.22 µl thyme essential oil/g 

cheese should have inhibited the growth of L. monocytogenes in the fresh cheese, as this 

concentration is higher than the MIC found in the agar system. However, it wasn’t actually 

expected the same effectiveness of the thyme essential oil in the cheese system as in the agar 

system for the same reasons mentioned in the case of E. coli, namely that fresh cheese is a 

more favorable environment for the growth of microorganisms (Adams et al., 2016). 

Furthermore, as Moro et al. (2014) explain, food matrixes possess a low transference 

compared with in-vitro systems. 

 The fact that thyme essential oil at a concentration of 0.44 µl thyme essential oil/g 

cheese (greater than the 2MIC found in-vitro), didn’t inhibit the growth of L. monocytogenes, 

shows that this microorganism has a very high resistance to thyme essential oil, especially 

when it is inoculated in fresh cheese stored at 10°C because apparently it is a very favorable 

environment for its growth.  

In the three graphs of Figure 3 it can be observed that there are days where apparently 

the number of viable L. monocytogenes reduces or increases but then the next analysis day 

the number goes up or down again. This can be due to the fact that neither the mixture of 

broths nor the thyme essential oil were spread homogenously in the whole cheese rectangle 

since it is almost impossible to spread exactly the same way all the cheese rectangles. So, 

there may be parts of the cheese rectangles that were not covered with thyme essential oil. 

This is the reason why sometimes it may seem that there is a greater or lower inhibition of 

the growth, or a greater or lower quantity of viable microorganisms. Besides, it is important 

to take into account that no food has a completely smooth surface (Bello-Gutiérrez, 2000), 

so that the microorganisms can get into the cavities or pores of the fresh cheese, thus creating 

the possibility that microorganisms do not come into direct contact with the thyme essential 

oil, avoiding the inhibition of those microorganisms. This phenomenon may or may not 

happen in the cheese rectangles and in different ways and magnitudes.  The latter causes the 

conditions in the different cheese rectangles to vary, which can cause some inconsistency in 

the results, as seen in Figure 3. 

Govaris et al. (2011) carried out a study in which they investigated the antimicrobial 

activity of thyme and oregano essential oils against the growth of Escherichia coli O157:H7 

or Listeria monocytogenes in feta cheese by spreading the essential oils in the surfaces of the 
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cheese, as was done in the present study. Their results show that at the same concentration 

of thyme essential oil, E. coli O157:H7 survived for a longer period than L. monocytogenes. 

These results contradict the ones obtained in this study, in which it was observed that it was 

L. monocytogenes the one that showed a greater resistance. However, this variation may be 

due to the fact that different strains of the microorganisms and different types of cheese were 

used in both studies.  

The results obtained by Han et al. (2014) are more similar to the ones of the present 

study. They studied the effect of volatiles of rosemary and thyme essential oils, combined 

(1% w/w oil total), against the growth of L. monocytogenes in Mozzarella cheese. Their 

results showed that L. monocytogenes was not eliminated; however, its growth was retarded. 

Additionally, they found that organoleptic properties are negatively affected. 

Other similar studies have been done, like the one of Asensio et al. (2014), where they 

studied the antimicrobial activity of oregano essential oil against E. coli, among others, in 

ricotta cheese. They found that oregano essential oil does lessen the microbial count, but they 

also found that it affects some sensory attributes. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 




