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Materials and methods 
 
Synergistic activity between the essential oils and antibiotics 

As mentioned in the article, we tested the synergistic activity between the essential oils and 

common antibiotics by evaluating the Fractional Inhibitory Concentration (FIC) and the FIC 

index (FICI). The essential oils (EO) were combined with antibiotics (AB) in a 1:1 ratio and 

serially dilute (from 1000 μg.ml-1 and 64 μg.ml-1, respectively) in the 96-well plates. The FICI 

was determined using the following equations:  

 FICI = FIC AB + FIC EO  

   where : FIC AB = MIC AB in combination with the EO / MIC AB alone  

    FIC EO = MIC EO in combination with the AB / MIC EO alone 

The four possible types of interaction are :  

1. synergy (FICI ≤ 0,5) 

2. additive (0,5 < FICI ≤1) 

3. indifferent (1 < FICI ≤ 2)  
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4. antagonist (FIC > 2) 
 

The tested strains (and the respective antibiotics tested) were S. aureus LMG 15975 (amoxicillin 

and penicillin V), S. aureus LMG 16217 (amoxicillin and penicillin V), E. coli LMG 15862 

(amoxicillin and penicillin V) and P. aeruginosa LMG 6395 (doxycycline and tetracycline). The 

direct activity leading to obtain the MIC AB and the MIC EO were made at the same time as the 

synergistic test where we obtained the MIC AB/EO and the MIC EO/AB. The tests were made in 

triplicate. 
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two different antibiotics (AB), the amoxicillin (AMX) and the penicillin V (PEN V) against 
Staphylococcus aureus LMG 15975 (n=3). 

Table S1b – Synergistic activity of the ten commercial essential oils (EO) in association with 
two different antibiotics (AB), the amoxicillin (AMX) and the penicillin V (PEN V) against 
Staphylococcus aureus LMG 16217 (n=3). 

Table S1c – Synergistic activity of the ten commercial essential oils (EO) in association with 
two different antibiotics (AB), the amoxicillin (AMX) and the penicillin V (PEN V) against 
Escherichia coli LMG 15862 (n=3). 

Table S1d – Synergistic activity of the ten commercial essential oils (EO) in association with 
two different antibiotics (AB), the doxycycline (DOX) and the tetracycline (TET) against 
Pseudomonas aeruginosa LMG 6395 (n=3). 

Figure S1 – Certificate of the chemical analysis for the lot number OF17650 of Trachyspermum 
ammi L. (ajowan) provided by Pranarôm. Screen capture made on 1st September 2020. 

Figure S2 – Certificate of the chemical analysis for the lot number OF22779 of Ocimum basilicum 
ssp basilicum L. (basil) provided by Pranarôm. Screen capture made on 1st September 2020. 

Figure S3 – Certificate of the chemical analysis for the lot number OF22830 of Matricaria recutita 
L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020. 

Figure S4 – Certificate of the chemical analysis for the lot number OF22426 of Cinnamomum 
cassia (L.) J. Presl.  (Chinese cinnamon) provided by Pranarôm. Screen capture made on 1st 
September 2020. 

Figure S5 – Certificate of the chemical analysis for the lot number OF21374 of Coriandrum 
sativum L.  (coriander) provided by Pranarôm. Screen capture made on 1st September 2020. 

Figure S6 – Certificate of the chemical analysis for the lot number OF22293 of Eugenia 
caryophyllus (Spreng.) Bullock & S. G. Harrison. (clove) provided by Pranarôm. Screen capture 
made on 1st September 2020. 



3/52 
 

Figure S7 – Certificate of the chemical analysis for the lot number OF20407 of Cymbopogon 
citratus (DC.) Staph. (lemongrass) provided by Pranarôm. Screen capture made on 1st 
September 2020. 

Figure S8 – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 
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Figure S10 – Certificate of the chemical analysis for the lot number OF21237 of Cymbopogon 
martinii var. motia (Roxb.) W.Watson (palmarosa) provided by Pranarôm. Screen capture made 
on 1st September 2020. 
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Results 

Table S1a – Synergistic activity of the ten commercial essential oils (EO) in association with two different antibiotics (AB), 
the amoxicillin (AMX) and the penicillin V (PEN V) against Staphylococcus aureus LMG 15975 (n=3). 

 

S. aureus LMG 15975 

AB EO MIC AB 
(μg.ml-1) 

MIC EO 
(μg.ml-1) 

MIC AB/EO 
(μg.ml-1) 

MIC EO/AB 

(μg.ml-1) 
FIC AB FIC EO FIC Interaction 

AMX 

/AW 16 500 8 125 0,50 0,25 0,75 Additive 
/BE 16 2000 8 125 0,50 0,06 0,56 Additive 
/CA 16 2000 8 125 0,50 0,06 0,56 Additive 
/CC 16 250 4 62,5 0,25 0,25 0,50 Synergy 
/CF 16 125 2 31,25 0,13 0,25 0,38 Synergy 
/GF 16 1000 8 125 0,50 0,13 0,63 Additive 
/LG 16 1000 8 125 0,50 0,13 0,63 Additive 
/LS 16 2000 8 125 0,50 0,06 0,56 Additive 
/OC 16 500 4 62,5 0,25 0,13 0,38 Synergy 
/PM 16 2000 8 125 0,50 0,06 0,56 Additive 

          

PEN V 

/AW 8 500 4 62,5 0,50 0,13 0,63 Additive 
/BE 8 2000 8 125 1,00 0,06 1,06 Indifferent 
/CA 8 2000 4 62,5 0,50 0,03 0,53 Additive 
/CC 8 250 4 62,5 0,50 0,25 0,75 Additive 
/CF 8 125 4 62,5 0,50 0,50 1,00 Additive 
/GF 8 1000 4 62,5 0,50 0,06 0,56 Additive 
/LG 8 1000 4 62,5 0,50 0,06 0,56 Additive 
/LS 8 2000 4 62,5 0,50 0,03 0,53 Additive 
/OC 8 500 4 62,5 0,50 0,13 0,63 Additive 
/PM 8 2000 8 125 1,00 0,06 1,06 Indifferent 

 
Table S2b – Synergistic activity of the ten commercial essential oils (EO) in association with two different antibiotics (AB), 
the amoxicillin (AMX) and the penicillin V (PEN V) against Staphylococcus aureus LMG 16217 (n=3). 

 

S. aureus LMG 16217 

AB EO MIC AB 
(μg.ml-1) 

MIC EO 
(μg.ml-1) 

MIC AB/EO 
(μg.ml-1) 

MIC EO/AB 

(μg.ml-1) FIC AB FIC EO FIC Interaction 

AMX 

/AW 64 500 16 250 0,25 0,50 0,75 Additive 
/BE 64 2000 64 1000 1,00 0,50 1,50 Indifferent 
/CA 64 2000 32 500 0,50 0,25 0,75 Additive 
/CC 64 250 8 125 0,13 0,50 0,63 Additive 
/CF 64 125 4 62,5 0,06 0,50 0,56 Additive 
/GF 64 1000 32 500 0,50 0,50 1,00 Indifferent 
/LG 64 500 8 125 0,13 0,25 0,38 Synergy 
/LS 64 2000 32 500 0,50 0,25 0,75 Additive 
/OC 64 250 8 125 0,13 0,50 0,63 Additive 
/PM 64 2000 32 500 0,50 0,25 0,75 Additive 

          

PEN V 
/AW 64 500 16 250 0,25 0,50 0,75 Additive 
/BE 64 2000 64 1000 1,00 0,50 1,50 Indifferent 
/CA 64 2000 16 250 0,25 0,13 0,38 Synergy 
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/CC 64 250 8 125 0,13 0,50 0,63 Additive 
/CF 64 125 8 125 0,13 1,00 1,13 Indifferent 
/GF 64 1000 16 250 0,25 0,25 0,50 Synergy 
/LG 64 500 16 250 0,25 0,50 0,75 Additive 
/LS 64 2000 32 500 0,50 0,25 0,75 Additive 
/OC 64 250 16 250 0,25 1,00 1,25 Indifferent 
/PM 64 2000 32 500 0,50 0,25 0,75 Additive 

Table S3c – Synergistic activity of the ten commercial essential oils (EO) in association with two different antibiotics (AB), 
the amoxicillin (AMX) and the penicillin V (PEN V) against Escherichia coli LMG 15862 (n=3). 

 

E. coli LMG 15862 

AB EO MIC AB 
(μg.ml-1) 

MIC EO 
(μg.ml-1) 

MIC AB/EO 
(μg.ml-1) 

MIC EO/AB 

(μg.ml-1) FIC AB FIC EO FIC Interaction 

AMX 

/AW 128 1000 64 1000 0,50 1,00 1,50 Indifferent 
/BE 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/CA 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/CC 128 500 32 500 0,25 1,00 1,25 Indifferent 
/CF 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/GF 128 1000 64 1000 0,50 1,00 1,50 Indifferent 
/LG 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/LS 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/OC 128 500 32 500 0,25 1,00 1,25 Indifferent 
/PM 128 1000 64 1000 0,50 1,00 1,50 Indifferent 

          

PEN V 

/AW 128 1000 64 1000 0,50 1,00 1,50 Indifferent 
/BE 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/CA 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/CC 128 500 32 500 0,25 1,00 1,25 Indifferent 
/CF 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/GF 128 1000 64 1000 0,50 1,00 1,50 Indifferent 
/LG 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/LS 128 2000 128 2000 1,00 1,00 2,00 Indifferent 
/OC 128 500 32 500 0,25 1,00 1,25 Indifferent 
/PM 128 1000 64 1000 0,50 1,00 1,50 Indifferent 

 
Table S4d – Synergistic activity of the ten commercial essential oils (EO) in association with two different antibiotics (AB), 
the doxycycline (DOX) and the tetracycline (TET) against Pseudomonas aeruginosa LMG 6395 (n=3). 

 

P. aeruginosa LMG 6395 

AB EO MIC AB 
(μg.ml-1) 

MIC EO 
(μg.ml-1) 

MIC AB/EO 
(μg.ml-1) 

MIC EO/AB 

(μg.ml-1) FIC AB FIC EO FIC Interaction 

DOX 

/AW 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/BE 16 2000 8 125 0,50 0,06 0,56 Additive 
/CA 16 2000 8 125 0,50 0,06 0,56 Additive 
/CC 16 500 16 250 1,00 0,50 1,50 Indifferent 
/CF 16 2000 8 125 0,50 0,06 0,56 Additive 
/GF 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/LG 16 2000 8 125 0,50 0,06 0,56 Additive 
/LS 16 2000 8 125 0,50 0,06 0,56 Additive 
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/OC 16 500 16 250 1,00 0,50 1,50 Indifferent 
/PM 16 2000 8 125 0,50 0,06 0,56 Additive 

          

TET 

/AW 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/BE 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/CA 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/CC 16 500 16 250 1,00 0,50 1,50 Indifferent 
/CF 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/GF 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/LG 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/LS 16 2000 16 250 1,00 0,13 1,13 Indifferent 
/OC 16 500 16 250 1,00 0,50 1,50 Indifferent 
/PM 16 2000 16 250 1,00 0,13 1,13 Indifferent 
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Figure S1 (page 1/4) – Certificate of the chemical analysis for the lot number OF17650 of 

Trachyspermum ammi L. (ajowan) provided by Pranarôm. Screen capture made 1st September 2020.
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Figure S1 (page 2/4) – Certificate of the chemical analysis for the lot number OF17650 of 

Trachyspermum ammi L. (ajowan) provided by Pranarôm. Screen capture made 1st September 2020.



9/52 
 

 
 
 
 
 
 
 
 
 
 
 
 

  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S1 (page 3/4) – Certificate of the chemical analysis for the lot number OF17650 of 

Trachyspermum ammi L. (ajowan) provided by Pranarôm. Screen capture made 1st September 2020.
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Figure S1 (page 4/4) – Certificate of the chemical analysis for the lot number OF17650 of 

Trachyspermum ammi L. (ajowan) provided by Pranarôm. Screen capture made 1st September 2020.
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Figure S2 (page 1/4) – Certificate of the chemical analysis for the lot number OF22779 of Ocimum 

basilicum ssp basilicum L. (basil) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S2 (page 2/4) – Certificate of the chemical analysis for the lot number OF22779 of Ocimum 

basilicum ssp basilicum L. (basil) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S2 (page 3/4) – Certificate of the chemical analysis for the lot number OF22779 of Ocimum

basilicum ssp basilicum L. (basil) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S2 (page 4/4) – Certificate of the chemical analysis for the lot number OF22779 of Ocimum

basilicum ssp basilicum L. (basil) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S3 (page 1/6) – Certificate of the chemical analysis for the lot number OF22830 of Matricaria 

recutita L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S3 (page 2/6) – Certificate of the chemical analysis for the lot number OF22830 of Matricaria 

recutita L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S3 (page 3/6) – Certificate of the chemical analysis for the lot number OF22830 of Matricaria 

recutita L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S3 (page 4/6) – Certificate of the chemical analysis for the lot number OF22830 of Matricaria 

recutita L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S3 (page 5/6) – Certificate of the chemical analysis for the lot number OF22830 of Matricaria 

recutita L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020.



22/52 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure S3 (page 6/6) – Certificate of the chemical analysis for the lot number OF22830 of Matricaria 

recutita L. (German chamomile) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S4 (page 1/4) – Certificate of the chemical analysis for the lot number OF22426 of

Cinnamomum cassia (L.) J. Presl. (Chinese cinnamon) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S4 (page 2/4) – Certificate of the chemical analysis for the lot number OF22426 of

Cinnamomum cassia (L.) J. Presl. (Chinese cinnamon) provided by Pranarôm. Screen capture made on

1st September 2020. 
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Figure S4 (page 3/4) – Certificate of the chemical analysis for the lot number OF22426 of

Cinnamomum cassia (L.) J. Presl. (Chinese cinnamon) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S4 (page 4/4) – Certificate of the chemical analysis for the lot number OF22426 of

Cinnamomum cassia (L.) J. Presl. (Chinese cinnamon) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S5 (page 1/5) – Certificate of the chemical analysis for the lot number OF21374 of

Coriandrum sativum L.  (coriander) provided by Pranarôm. Screen capture made on 1st September

2020. 
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Figure S5 (page 2/5) – Certificate of the chemical analysis for the lot number OF21374 of Coriandrum

sativum L.  (coriander) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S5 (page 3/5) – Certificate of the chemical analysis for the lot number OF21374 of

Coriandrum sativum L. (coriander) provided by Pranarôm. Screen capture made on 1st September

2020. 
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Figure S5 (page 4/5) – Certificate of the chemical analysis for the lot number OF21374 of

Coriandrum sativum L.  (coriander) provided by Pranarôm. Screen capture made on 1st September

2020. 
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Figure S5 (page 5/5) – Certificate of the chemical analysis for the lot number OF21374 of

Coriandrum sativum L.  (coriander) provided by Pranarôm. Screen capture made on 1st September

2020. 
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Figure S6 (page 1/4) – Certificate of the chemical analysis for the lot number OF22293 of Eugenia 

caryophyllus (Spreng.) Bullock & S. G. Harrison. (clove) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S6 (page 2/4) – Certificate of the chemical analysis for the lot number OF22293 of Eugenia 

caryophyllus (Spreng.) Bullock & S. G. Harrison. (clove) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S6 (page 3/4) – Certificate of the chemical analysis for the lot number OF22293 of Eugenia

caryophyllus (Spreng.) Bullock & S. G. Harrison. (clove) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S6 (page 4/4) – Certificate of the chemical analysis for the lot number OF22293 of Eugenia 

caryophyllus (Spreng.) Bullock & S. G. Harrison. (clove) provided by Pranarôm. Screen capture made

on 1st September 2020. 
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Figure S7 (page 1/5) – Certificate of the chemical analysis for the lot number OF20407 of

Cymbopogon citratus (DC.) Staph. (lemongrass) provided by Pranarôm. Screen capture made on 1st

September 2020. 
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Figure S7 (page 2/5) – Certificate of the chemical analysis for the lot number OF20407 of

Cymbopogon citratus (DC.) Staph. (lemongrass) provided by Pranarôm. Screen capture made on 1st

September 2020. 
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Figure S7 (page 3/5) – Certificate of the chemical analysis for the lot number OF20407 of

Cymbopogon citratus (DC.) Staph. (lemongrass) provided by Pranarôm. Screen capture made on 1st

September 2020. 
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Figure S7 (page 4/5) – Certificate of the chemical analysis for the lot number OF20407 of

Cymbopogon citratus (DC.) Staph. (lemongrass) provided by Pranarôm. Screen capture made on 1st

September 2020. 
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Figure S7 (page 5/5) – Certificate of the chemical analysis for the lot number OF20407 of

Cymbopogon citratus (DC.) Staph. (lemongrass) provided by Pranarôm. Screen capture made on 1st

September 2020. 
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Figure S8 (page 1/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S8 (page 2/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S8 (page 3/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S8 (page 4/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S8 (page 5/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S8 (page 6/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S8 (page 7/7) – Certificate of the chemical analysis for the lot number OF19205 of Lavandula 

stoechas L.  (Spanish lavender) provided by Pranarôm. Screen capture made on 1st September 2020.
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Figure S9 (page 1/5) – Certificate of the chemical analysis for the lot number OF22429 of Origanum 

compactum Benth. (oregano) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S9 (page 2/5) – Certificate of the chemical analysis for the lot number OF22429 of Origanum 

compactum Benth. (oregano) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S9 (page 3/5) – Certificate of the chemical analysis for the lot number OF22429 of Origanum 

compactum Benth. (oregano) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S9 (page 4/5) – Certificate of the chemical analysis for the lot number OF22429 of Origanum 

compactum Benth. (oregano) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S9 (page 5/5) – Certificate of the chemical analysis for the lot number OF22429 of Origanum 

compactum Benth. (oregano) provided by Pranarôm. Screen capture made on 1st September 2020. 
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Figure S10 (page 1/4) – Certificate of the chemical analysis for the lot number OF21237 of

Cymbopogon martinii var. motia (Roxb.) W.Watson (palmarosa) provided by Pranarôm. Screen

capture made on 1st September 2020. 
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Figure S10 (page 2/4) – Certificate of the chemical analysis for the lot number OF21237 of

Cymbopogon martinii var. motia (Roxb.) W.Watson (palmarosa) provided by Pranarôm. Screen

capture made on 1st September 2020. 
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Figure S10 (page 3/4) – Certificate of the chemical analysis for the lot number OF21237 of

Cymbopogon martinii var. motia (Roxb.) W.Watson (palmarosa) provided by Pranarôm. Screen

capture made on 1st September 2020. 
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Figure S10 (page 4/4) – Certificate of the chemical analysis for the lot number OF21237 of

Cymbopogon martinii var. motia (Roxb.) W.Watson (palmarosa) provided by Pranarôm. Screen

capture made on 1st September 2020. 


