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Abstract 
 

Probiotics (PB) and medicinal oils (MO) have beneficial effects against microbial gut infections. The present study aimed to 

evaluate the in vitro combined antibacterial activities of PB and MO against pathogenic strains. Antibacterial activities of three 

probiotic strains (Lactobacillus plantarum, Lactobacillus casei, and Lactobacillus acidophilus) and five MO (Bitter almond, Clove, 

Eucalyptus, Peppermint and Thyme oils) were investigated using agar well diffusion method. Cell-free supernatant (CFS) from PB 

combined with MO showed different effects against the tested pathogenic strains. Thyme and clove oils showed the highest 

activity. The combinations of CFS from PB and MO were tested by agar well diffusion method. These combinations showed 

synergistic activity against Staphylococcus aureus especially combinations containing clove, peppermint and thyme oils. 

Combinations were investigated also by Checkerboard dilution method. Most of CSF significantly lowered the minimum inhibitory 

concentrations (MICs) of MO against the tested bacteria and fractional inhibitory concentration indices (FICIs) for these 

combinations ranged from 0.12 to 0.75. Most of the tested CFS-MO combinations showed marked synergistic activity against S. 

aureus, E. coli and K. pneumoniae. In a conclusion, in vitro antibacterial study for CFS-MO combinations in our ongoing work 

suggests the possibility of using these combinations in clinical urinary and gastrointestinal tract infections. 
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1. Introduction 

Probiotics are living microorganisms, that, when taken in 

appropriate quantities, provide a health benefit to the human 

body [1]. Most ordinary used probiotics are obtained from the 

genera Bifidobacterium and Lactobacillus. [2]. Supernatant of 

most Lactobacillus species contains several antimicrobials 

including hydrogen peroxide, organic acids, fatty acid, aroma 

constituents, and low-molecular-mass compounds that kill 

pathogens. Strains of Lactobacillus species can produce organic 

acids, and these acids might interact with cell membrane, 

resulting in induction of protein denaturation and intracellular 

acidification. Hydrogen peroxide probably acts as a precursor 

for production of free radicals, which can cause damage of 

DNA similarly as peroxidation of membrane lipids leading to an 

elevation to the membrane permeability [3]. Medicinal oils 

(MO) contain mixtures of volatile constituents naturally 

synthesized by plants [4]. Probiotics are long recognized for 

their antioxidant, antibacterial, antiviral and antifungal 

properties, so they are widely utilized in food and medicine. [5]. 

The recurrent interest in new alternative natural antimicrobial 

substances is directing the researchers to reach out new 

applications of these products to decrease the infections caused 

by drug-resistant pathogens and to reduce the hazards caused by 

antibiotics  [6]. Our study aims to evaluate the bacterial effect of 

Lactobacillus strains and some MO on the growth of pathogens 

and to estimate the possible synergistic interactions between 

CFS and MO.  

2. Materials and Methods 

Bacterial strains and culture conditions 

Three  lactobacillus  strains [Lactobacillus plantarum (ATCC 

8014), Lactobacillus casei (DSM 20011), and Lactobacillus 

acidophilus (DSM 20079)] and 5 standard strains of S. aureus  

(ATCC 6538),  E. coli (ATCC 8739) K. pneumoniae  (ATCC 

10031),  P. mirabilis (ATCC 29906), Ps. aeruginosa  (ATCC 

10145), were  obtained  from Microbiological  Resources  

Center  (Cairo  MIRCEN),  Faculty  of Agriculture, Ain Shams 

University, Egypt. Lactobacillus strains were cultured in De 

Man, Rogosa and Sharpe (MRS) broth anaerobically at 37 °C. 

Clinical pathogenic bacteria were isolated from patients 

suffering from acute gastroenteritis and urinary tract infection. 

The patients were attending Minia University Hospital, Minia, 

Egypt.  These isolates were authenticated according to standard 

laboratory procedures [7]. 

Medicinal oils 
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Five medicinal oils (Bitter almond, Clove, Eucalyptus, 

Peppermint and Thyme oils) were purchased from El-gomhoria 

Company for trading chemicals & medical appliances, Cairo, 

Egypt. The oils were stored in tightly closed glass bottles at 4 

°C until use. 

Screening for acid and bile tolerance of Lactobacillus strains 

Resistance  to  acidic  pH  (pH = 3)  was  measured  after 

centrifuging  the  overnight  cultures  of Lactobacillus  strains  

at 6000  rpm for  fifteen  min  at  4 °C  then  re-suspending  the 

produced  pellets  in  the same  volume  of  isotonic 0.9 %  

(w/v)  NaCl,  pH  3.0.  Afterwards, Suspensions were incubated 

at 37 °C for 3 h.  The resulting pellets were then plated onto 

MRS agar and incubated for 48 h at 37 °C.  Bile tolerance was 

estimated by culturing Lactobacillus strains on MRS agar 

containing 2 % (w/v) bile salt.  The cultures were checked after 

incubation for 48 h at 37 °C [8]. 

Susceptibility of Lactobacillus strains to tested MO 

The possibility of using PB-MO combination was emphasized 

by agar well diffusion assay [9]. A culture containing 10
8 

CFU/ml of Lactobacillus strains was plated on MRS plates. 

Wells of 7 mm diameter were punched in the agar plates and 

filled with 100 μl oil stock solution (50 mg/ml). The plates were 

then incubated for 24 h at 37 °C and the zones of inhibition 

around the wells were measured. 

Inhibitory effect of Lactobacillus CFS and MO on the 

growth of the tested pathogens 

Lactobacillus strains were grown in MRS broth for 48 h at 37 

°C. Cell-free supernatant(CFS) was obtained by centrifuging the 

culture at 15000 rpm for 15 min at 4 °C and then filtered 

through 0.45 μm filters [10]. Antibacterial activities of CFS of 

Lactobacillus strains and MO were determined by the agar well 

diffusion method against some clinical isolates. Bacterial inocu-

lum colonies from overnight nutrient agar were used to make 

suspension of the tested pathogenic microorganisms (10
6
 

CFU/ml). Wells with a 7-mm diameter were punched in the agar 

plates and were filled with 100 μl of CFS or 100 μl of 50 mg/ml 

concentration of oils. The plates were then incubated at 37 °C 

for 24 h and the zones of inhibition diameters were measured [9, 

11]. 

Assessment of combination between the MO and CFS of the 

tested PB using agar well diffusion method 

Combination effectiveness was assessed by the agar well 

diffusion method [9] as described above. Wells were filled with 

50 μl of 50 mg/ml concentration of each oil with 50 μl of CFS 

of Lactobacillus strains. After incubation, the diameter zones of 

inhibition were measured. 

Evaluation of Combinations between MO and CFS using 

checkerboard microdilution method 

Firstly, MICs of oils were performed by micro broth dilution 

assay [12]. The MICs were defined as the lowest concentration 

of MO inhibiting visible growth after 24 h incubation. After 

determining the individual MICs of MO and CFS, their MICs in 

combination were investigated by checkerboard micro dilution 

method [13]. The concentrations of MO and CFS were ranged 

from 4 or 5 folds below the expected MIC. The interactions 

were evaluated using two-fold dilutions of each antibacterial 

agent. Bacterial inoculum of standard strains, corresponding to 

10
6
 CFU/ml, was prepared. Each micro dilution was included 

100 μl of the two-fold diluted concentrations of both MO and 

CFS was inoculated with 10 μl of the inoculum suspension. The 

plates were incubated for 24 h at 37 °C, and the results were 

read visually.  

The Fractional Inhibitory Concentration (FIC) index for drugs A 

and B was then calculated using the following equation: 
 

FIC index = FICA + FICB = MIC (A in presence of B) / 

MIC (A alone) + MIC (B in presence of A) / MIC (B alone)  

3. Results 

3.1. Prevalence of different microorganisms 

A total of 187 pathogenic strains were isolated from 180 urine 

and stool specimens. It was found that E. coli was the most 

prevalent pathogen isolated from urine and stool specimens 

followed by K. pneumoniae, while no S. aureus or Ps. 

aeruginosa strains were isolated from stool samples (Figure1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3.2. Bile salt and acid tolerance  

The 3 tested Lactobacillus strains were able to grow on MRS 

agar containing 2 %  bile  salts  and  resist  the  acidic  pH  

(pH=3).  

 

Figure (1): Prevalence of different microorganisms among clinical 

specimens 
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3.3. Susceptibility of Lactobacillus strains to the tested MO 

All tested Lactobacillus strains exhibited complete resistance to 

the 5 MO when the susceptibility of Lactobacillus strains to the 

tested MO was examined. 

3.4. Antibacterial effect of CFS of Lactobacillus strains 

against the clinical pathogenic strains 

The Lactobacillus CFS of the 3 strains showed good 

antagonistic effects against most of the tested clinical pathogens 

(Table 1). CFS of L. casei exhibited the highest % of inhibition 

against nearly all the tested clinical strains, while L. plantarum 

showed the best activity against K. pneumoniae strains. 

3.5. Screening of antibacterial activity of MO against clinical 

pathogenic strains 

Our results revealed that different clinical strains had different 

susceptibilities to the same EO. Thyme and clove oils 

completely inhibited S. aureus clinical strains. Also, these oils 

inhibited most of K. pneumoniae strains. Peppermint oil showed 

moderate effect followed by bitter almond oil while eucalyptus 

oil showed the least inhibitory activity (Table 2). 

3.6. Assessment of the combination between tested CFS and 

MO 

3.6.1. Screening of antibacterial activity of combination 

using agar well diffusion method 

Sixty two strains sensitive to both tested CFS and MO were 

selected. The combinations were tested to estimate the possible 

synergistic effects against the selected clinical pathogenic 

strains (Tables 3-7) and (Figure 2).These combinations showed 

synergistic activity with large number of the tested S.aureus 

isolates especially combinations containing thyme, clove and 

peppermint. Eucalyptus and bitter almond oils showed the 

 

 

 

 

 

 

 

 

 

 

lowest activity against K. pneumoniae isolates. Most of the 

tested PB combinations with MO showed low synergistic 

activity against P. mirabilis and P. aeruginosa. 

3.6.2. Evaluation of combinations between CFS of 

Lactobacillus strains and MO using Checkerboard 

Method 

Results of MICs were determined (Table 8).The interaction 

between the tested MO and CFS of Lactobacillus strains was 

investigated against the standard strains. Most of the tested CFS 

significantly lowered the MICs of MO against the tested 

microorganisms and FICIs for these combinations ranged from 

0.12 to 0.75. Antagonism was defined as a FIC index of 2.0, 

additively as a FIC index of 1.0 and synergism was defined as 

an FIC index of 0.5. Synergy was further subclassified as 

marked (FIC ≤ 0.5) and weak (FIC index, between 0.5 and 1.0). 

Checkerboard assays of S. aureus and E.coli strains showed 

marked synergistic profiles when CFS of L. plantarum, L. 

caseiand L. acidophilus were combined with different MO. 

FICIs ranged from 0.19-0.38 for S. aureus and 0.12-0.38 for 

E.coli strain. Regarding S. aureus, combination of peppermint 

oil with CFS of L. acidophilus and L. plantarumstrains showed 

weak synergism. Combinations of the 3 CFS of Lactobacillus 

strains with most tested MO showed marked synergistic effects 

in case of K. pneumoniae strains, but also weak synergistic 

behavior with the bitter almond oil. 

All antibacterial combinations demonstrated synergistic actions 

against P. mirabilis Combination of CFS and both thyme and 

bitter almond oils demonstrated additive activity.The combined 

effects of the 3 CFS with peppermint oil and combination 

between L. acidophilus and thyme oil showed weak synergistic 

activities, while the remaining oils had marked synergistic effect 

on P. aeruginosa. (Figure 3). The effect of combinations of 

CFS and MO on different clinical strains by Checkerboard 

method was determined (Table  9).  

 

  

Table 1: Antibacterial effect of CFS of Lactobacillus strains on the growth of clinical strains 

No. of Isolated strains 
No. of strains inhibited [Inhibition percentage (%)] 

CFS (L. plantarum) CFS (L. casei) CFS (L. acidophilus) 

S. aureus (18)* 14 (77.8%) 16 (88.9%) 13 (72.3%) 

E.coli (91) 38 (41.8%) 45 (49.5%) 37 (40.7%) 

K. pneumonia (40) 29 (72.5%) 26 (65%) 25 (62.5%) 

P. mirabilis (15) 9 (60%) 10 (66.7%) 9 (60%) 

P. aeruginosa (23) 10 (43.5%) 12 (52.2%) 11 (47.8%) 

* No of the isolated strains 

 

Table 2: Screening of antibacterial activity of various MO against clinical strains using agar well diffusion method 

No. of strains inhibited 
Isolated strains 

Thyme oil Peppermint oil Eucalyptus oil Clove oil Bitter almond oil 

18 (100 %) 16 (88.9 %) 10 (55.6 %) 18 (100 %) 11(61.1 %) S. aureus (18)* 

84 (92.3 %) 75 (82.4 %) 28 (30.8 %) 78 (85.7 %) 41(45.1 %) E.coli (91) 

39 (97.5 %) 33 (82.5 %) 19 (47.5 %) 38 (95 %) 28 (70 %) K. pneumoniae (40)   

13 (86.7 %) 5 (33.3 %) 9 (60 %) 13 (86.7 %) 9 (60 %) P. mirabilis (15) 

15 (65.2 %) 11 (47.8 %) 7 (30.4 %) 14 (60.9 %) 8 (34.8 %) P. aeruginosa (23) 

 * No. of isolated strains 
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Table 3: The effect of CFS combination with the tested MO on S. aureus isolates 

                                     % of clinical S. aureus isolates inhibited by CSF/ MO combination (Total no.=9) 

                    Oils 

CFS 
Bitter Almond Oil Clove Oil Eucalyptus Oil Peppermint Oil Thyme Oil 

CFS (L. plantarum) 44.4 88.9 33.3 88.9 88.9 

CFS (L. casei ) 44.4 88.9 55.6 88.9 77.8 

CFS (L. acidophilus ) 55.6 88.9 44.4 88.9 88.9 

 

Table 4: The effect of CFS combination with the tested MO on E.coli isolates 

                                   % of clinical E.coli isolates inhibited by CSF/ MO combination (Total no.=25) 

                    Oils 

CFS 
Bitter Almond Oil Clove Oil Eucalyptus Oil Peppermint Oil Thyme Oil 

CFS (L. plantarum ) 44 64 36 76 84 

CFS (L. casei ) 28 68 32 80 80 

CFS (L. acidophilus ) 32 60 40 68 72 

 

Table 5: The effect of CFS combination with the tested MO on K. pneumoniae isolates 

                                   % of clinical K. pneumoniae isolates inhibited by CSF/ MO combination (Total no.=16) 

                    Oils 

CFS 
Bitter Almond Oil Clove Oil Eucalyptus Oil Peppermint Oil Thyme Oil 

CFS (L. plantarum ) 31.3 50 25 75 68.8 

CFS (L. casei ) 31.3 56.3 25 75 56.3 

CFS (L. acidophilus ) 37.5 50 31.3 68.8 50 
 

Table 6: The effect of CFS combination with the tested MO on P. mirabilis isolates 

                                   % of clinical P. mirabilis isolates inhibited by CSF/ MO combination (Total no.=6) 

                    Oils 

CFS 
Bitter Almond Oil Clove Oil Eucalyptus Oil Peppermint Oil Thyme Oil 

CFS (L. plantarum ) 16.7 33.3 33.3 33.3 33.3 

CFS (L. casei ) 33.3 33.3 33.3 16.7 33.3 

CFS (L. acidophilus) 33.3 33.3 16.7 16.7 33.3 
 

Table 7: The effect of CFS combination with the tested MO on P. aeruginosa isolates 

                             % of clinical P. aeruginosa isolates inhibited by CSF/MO combination (Total no.=6) 

                    Oils 

CFS Bitter Almond Oil Clove Oil Eucalyptus Oil Peppermint Oil Thyme Oil 

CFS (L. plantarum ) 33.3 33.3 33.3 50 33.3 

CFS (L. casei ) 33.3 16.7 16.7 50 33.3 

CFS (L. acidophilus) 16.7 16.7 16.7 50 16.7 

 

 
                           (A)                                                                            (B)                

Figure 2: Synergistic effect of PB-MO combinations on the growth of (A) K. pneumoniae, (B) S. aureus and (C) E. coli. 
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(C) 

Figure 2: Synergistic effect of PB-MO combinations on the growth of (A) K. pneumoniae, (B) S. aureus and (C) E. coli (cont.). 

 

Table 8: MIC of MO and CFS against the standard strains using microdilution assay: 

  MIC 

Microorganism  
S. aureus 

(ATCC 6538) 

E.coli  
(ATCC 8739) 

K. pneumoniae 

(ATCC 10031) 

P. mirabilis 

(ATCC 29906) 

P. aeruginosa 

(ATCC 10145) 

MO (mg/ml) 

Bitter Almond oil 12.5 12.5 12.5 25 12.5 

Clove oil 1.6 3.1 6.3 6.3 12.5 

Eucalyptus oil 25 12.5 25 25 25 

Peppermint oil 3.1 6.3 6.3 12.5 6.3 

Thyme oil 0.8 1.6 1.6 3.1 3.1 

CFS (μl/ml) 

Lb plantarum 62.5 31.3 31.3 31.3 62.5 

Lb casei 31.3 15.6 31.3 31.3 31.3 

Lb acidophilus 62.5 31.3 31.3 62.5 62.5 
CFS: Cell-Free Supernatant, MIC: Minimum Inhibitory Concentrations 

 

Figure 3: Checkerboard of P. mirabilis growth inhibition with different concentrations of CFS (L. acidophilus) and/or peppermint oil  

(FIC= 7.8/ 62.5 + 1.6 / 12.5 = 0.25). 
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4. Discussion 

There are several advantages of utilizing natural products as 

antimicrobial compounds such as better patient tolerance, 

relatively inexpensive, fewer adverse effects, and wide 

acceptance due to their better biodegradability, renewability, 

and their traditional applications. [14]. 

In the present study, Lactobacillus strains (L. plantarum, L.casei 

and L.acidophilus) showed acceptable resistance to the effect of 

bile salts and acidic pH. Resistance to the low pH of the gastric 

juice in the stomach and the bile salt in the small intestine is one 

of the important selection criteria for probiotic as they are 

usually administrated orally [15]. Bile tolerance can be due to 

expression of bile resistance related proteins in the bacterial 

cells [16]. PB has a known antibacterial effect. There are many 

proposed mechanisms for the antibacterial action of the PB. 

Organic acids, bacteriocins, hydrogen peroxide and other 

inhibitory chemicals are released by the PB [17]. Bacteriocins 

are toxic chemicals which are highly potent against most of the 

bacteria. However, the most feasible mode of action is by 

lowering of pH with the release of organic acids [18]. 

In this study, CFS of Lactobacillus strains showed good 

antibacterial activity against the pathogenic strains. Zavisic et 

al. [19] proved that the 2 Lactobacillus isolates exhibited 

antagonistic action towards some pathogenic organisms.  In 

contrary to our findings, Shanthya et al. [20] revealed that 

lactobacillus has strongest antagonistic activity against P. 

aeruginosa. Supernatant of most Lactobacillus bacteria contains 

many antibacterials including hydrogen peroxide, organic acids 

and other compounds that kill pathogens. These antimicrobials 

did not have any inhibitory effect on PB [3]. 

The antimicrobial activity of MO has long been recognized and 

they have been tested in vitro against a wide range of 

pathogenic bacteria [21]. In our study, the previous MO was 

screened for their antibacterial activity against the clinical 

pathogenic strains. Clove and thyme oils showed the best 

antibacterial activity against most of the tested strains and 

eucalyptus oil showed the lowest inhibitory activity, even 

though earlier studies have reported better antibacterial activity 

for this oil [22, 23]. Most of the antibacterial activity in MO is 

found in the oxygenated terpenoids, while some hydrocarbons 

also exhibit antibacterial effects [24]. It seems evident that there 

is a relationship between the high activity of thyme oil and the 

presence of phenol components [25]. The antibacterial activity 

of clove oil could be associated with eugenol which is known to 

exhibit antibacterial activity [26]. The antibacterial activity of 

peppermint oil observed in this study was comparable with 

other reports [27]. The antibacterial activity of peppermint oil is 

due to the presence of terpenoides, menthone, menthol and 

many other components [28]. 

To test the combination between PB and MO, firstly, 

Lactobacillus strains must be resistant to that oil to avoid direct 

killing of the probiotic strain. After determination of resistance 

of the 3 Lactobacillus strains and pathogenic strains to MO as 

shown above, the combinations of CFS from the 3 and the 5 oils 

were tested to estimate the possible synergistic effect against 

pathogenic strains by both agar well diffusion and checkerboard 

methods. Our results showed that synergistic effect was verified 

from the combination of different PB with the tested MO. The 

advantage of utilizing such a combination is its beneficial effect 

with its antibacterial property. The PB may help in improving 

the gut epithelial conditions while MO act on killing the 

pathogens present in the human body [14]. MO with known 

antibacterial activity will produce beneficial or harmful effects 

when combined with conventional antibacterials, depending on 

the ratio in which the 2 components exist [29]. 

The synergistic effect between MO and other antibacterial 

substances such as generally recognized as safe metabolites 

produced by lactic acid bacteria (e.g., nisin) was demonstrated 

[30], and it was noted that the activities of the MO are enhanced 

by the presence of nisin [31]. 

Many researchers evaluated the effects of MO in combination 

with PB. As Sadeghi et al. [32] evaluated the effect of Cuminum 

cyminum L. oil and L. acidophilus on growth of S. aureus. The 

significant inhibitory effects of oil and the probiotic on this 

microorganism were observed alone and in combination 

together. Also, the combination between Mentha longifolia L. 

oil and L. caseiwas tested for synergy against the growth of 

Listeria monocytogenes and S. aureus. The growth of the 2 

pathogens was significantly reduced by both oil concentrations, 

probiotic and their combination. Thus, lower concentration of 

oilmay be used when it is combined with this probiotic [33]. 

The results of another study [34] showed that combination of 

certain concentration of Teucrium polium oil and L. casei 

decreased the required inhibitory concentration of Teucrium 

polium oil for Salmonella typhimurium.  

The mechanism of action for PB-MO combination was 

previously illustrated [14].  The PB has health beneficiary 

characters. They retard the growth of the microorganisms, while 

MO kill them. Antibacterial properties of PB may be attributed 

to the production of bacteriocin-like chemicals. Also, they 

mostly arrest the proliferation of the microorganisms by 

lowering the pH in the gut. The microorganisms do not 

normally have any mechanism against the action of MO. 

5. Conclusion  

The use of PB lowers the survivability chances of pathogenic 

bacteria, while the MO in lower dosage ensures their complete 

killing inside the digestive tract of human. Combining the effect 

of PB with MO may reveal a new approach concerning their 

complementary antibacterial effects with few side effects. The 

synergistic effect of the MO and PB will be necessarily greater 

than utilizing them alone as health products. This combination 

(PB-MO) could contribute for the development of new safe and 

effective therapeutic and antibacterial agents. 
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