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A b s t r a c t
American Foulbrood (AFB) is a bacterial disease, caused by Paenibacillus larvae, that af-
fects honeybees (Apis mellifera). Alternative strategies to control AFB are based on the 
treatment of the beehives with antimicrobial natural substances such as extracts, es-
sential oils and/or pure compounds from plants, honey by-products, bacteria and moulds. 
The broth microdilution method is currently one of the most widely used methods to 
determine the minimum inhibitory concentration (MIC) of a substance. In this regard, 
the fact that most natural products, due to their lipophilic nature, must be dissolved 
in organic solvents or their aqueous mixtures is an issue of major concern because the 
organic solvent becomes part of the dilution in the incubation medium, and therefore, 
can interfere with bacterial viability depending on its nature and concentration. A sys-
tematic study was carried out to determine by the broth microdilution method the MIC 
and the maximum non inhibitory concentration (MNIC) against P. larvae of the most com-
mon organic solvents used to extract or dissolve natural products, i.e. ethanol, methanol, 
acetonitrile, n-butanol, dimethylsulfoxide, and acidified hydromethanolic solutions. From 
the MIC and MNIC for each organic solvent, recommended maximum concentrations in 
contact with P. larvae were established: DMSO 5% (v/v), acetonitrile 7.5% (v/v), etha-
nol 7.5% (v/v), methanol 12% (v/v), n-butanol 1% (v/v), and methanol-water-acetic acid 
(1.25:98.71:0.04, v/v/v).

Keywords: American foulbrood, Paenibacillus larvae, antimicrobial activity, broth microdi-
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INTRODUCTION

Paenibacillus larvae is the etiological agent of 
American Foulbrood (AFB), a bacterial disease 
that affects the breeding of honeybees (Apis 
mellifera) during the larval or pupal stages 
(Genersch et al., 2006; De Graaf et al., 2013). The 
use and abuse of antibiotics to treat AFB has 
led to the increase in the incidence of bacterial 

resistance (Eguaras et al., 2005) and the con-
tamination of the apiary products (Mutinelli, 
2003). In this context, the development of al-
ternative and effective methods for the control 
and prevention of AFB disease is crucial. In this 
sense, one of the alternative methods proposed 
to control AFB is the treatment of the beehive 
with antimicrobial natural bioactive substances, 
i.e. plant extracts (Flesar et al., 2010; Sabaté et 
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al., 2012; Boligon et al., 2013; Reyes et al., 2013; 
Damiani et al., 2014; Hernández-López et al., 
2014); essential oils (Alippi, 1996; Fuselli et al., 
2006a); pure compounds extracted from plants, 
bacteria or fungus (Feldlaufer et al., 1993; 
Lokvam et al., 2000; Hornitzky, 2003; Gallardo 
et al., 2004; Fuselli et al., 2006b; Flesar et al., 
2010; Sabaté et al., 2012; Reyes et al., 2013; 
Hernández-López et al., 2014); and honeybee by-
products, such as propolis (Antúnez et al., 2008; 
Bíliková et al., 2013) and royal jelly (Bachanová 
et al., 2002; Bíliková et al., 2009).
The most common methods used to determine 
the antimicrobial activity of a substance are 
the agar diffusion methods (CLSI, 2009b) and 
the dilution methods (CLSI, 2009a). However, 
the agar diffusion methods present important 
disadvantages. The minimum inhibitory concen-
tration (MIC) cannot be determined, the agar 
diffusion data is not standardized for natural 
product antimicrobial susceptibility testing so 
the inhibition diameters cannot be interpreted, 
and the antimicrobial activity of natural products 
is underestimated due to their diffusion rates in 
the aqueous agar media, and furthermore, being 
labour-intensive and time-consuming (Dickert et 
al., 1981; Recio et al., 1989). Dilution methods 
are able to overcome some of the diffusion 
method limitations, the MIC values for antimi-
crobials are determined, and therefore quantita-
tive conclusions can be drawn from the results. 
The sample is diluted in a liquid medium for the 
broth macro and micro-dilution methods, or in a 
solid medium for the agar dilution method (CLSI, 
2009a), and must be dispersed homogeneously 
in water (Recio et al., 1989). The low solubility 
in water of essential oils, non-polar extracts 
and pure organic compounds from plants 
makes it difficult to use aqueous media in the 
liquid dilution methods, which proves to be an 
important issue to deal with in practice (Allegrini 
et al., 1973; Pellecuer et al., 1976). In fact, the 
solvents used to extract natural products from 
plants or dissolve pure natural compounds 
are usually organic of different polarities or 
their aqueous mixtures, such as ethyl acetate, 
ethanol, chloroform, dichloromethane, hexane, 
methanol and n-butanol (Lokvam et al., 2000; 

Gallardo et al., 2004; Flesar et al., 2010; Sabaté 
et al., 2012; Boligon et al., 2013; Reyes et al., 
2013; Damiani et al., 2014; Hernández-López 
et al., 2014). Pure natural compounds also need 
to be dissolved in organic solvents or aqueous 
solutions containing organic solvents for the an-
timicrobial assays to be performed (Hornitzky, 
2003; Reyes et al., 2013; Hernández-López et 
al., 2014). The influence of the organic solvent 
on the results of the antimicrobial activity 
determined by the liquid dilution methods is an 
issue of major concern due to the well known 
antiseptic properties of organic solvents. Indeed, 
organic solvents become part of the dilution in 
the incubation medium and, depending on their 
nature and concentration, can interfere with 
bacterial viability.
To the authors´ knowledge, there is little infor-
mation in literature regarding the solvent of 
plant extracts or the solvent used to prepare 
the solutions of pure natural compounds when 
they are submitted to the dilution methods 
for testing their antimicrobial activity against  
P. larvae. It is essential to have the information 
regarding the final concentration of the organic 
solvent in the medium once the bacterium 
is put in contact with the extract or the pure 
compound, in order to assure that the antimicro-
bial activity observed is only due to the extract 
or the compound tested and not to the organic 
solvent. This paper presents a systematic study 
to determine the MIC and the maximum non 
inhibitory concentration (MNIC) against P. larvae 
of organic solvents and their aqueous mixtures 
by the broth microdilution method, in order to 
establish the maximum content of the organic 
solvent in the sample solution needed to perform 
this dilution method properly. The solvents most 
commonly used to extract bioactive natural 
products from plants or to dissolve pure natural 
compounds are studied.

MATERIAL AND METHODS

Chemicals and materials
Mueller-Hinton broth, agar, brain-heart infusion, 
yeast extract, glucose and peptone were 
obtained from Britania S.A. (Ciudad autónoma 
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de Buenos Aires, Argentina). Sodium chloride 
(99.99 %) from Alun (San Martin, Buenos Aires, 
Argentina) and K2HPO4 (98 %) from Cicarelli (San 
Lorenzo, Santa Fe, Argentina) were analytical 
grade; sodium pyruvate (≥ 99 %) from Biopack 
(Zárate, Buenos Aires, Argentina) was extra 
pure. Distilled water was sterilized in autoclave 
FAC (Buenos Aires, Argentina). Sterilized poly-
styrene 96-well culture plates were supplied by 
Deltalab (Barcelona, Spain). Acetonitrile, ethanol 
and methanol (HPLC grade), glacial acetic acid 
(ACS reagent), n-butanol (FCC reagent), and 
resazurin sodium salt (for cell culture) were 
supplied by Sigma-Aldrich (Saint Louis, MO, USA). 
Dimethylsulfoxide (analytical grade) was from 
Biopack (Zárate, Buenos Aires, Argentina).
Paenibacillus larvae strains and growth 
conditions
P. larvae strains were isolated from honey 
combs of beehives exhibiting clinical symptoms 
of American foulbrood, located in the provinces 
of Buenos Aires, Córdoba and Entre Ríos in 
Argentina, and the provinces of Reggio Emilia 
and Módena in Italy. Strains BAI, BAII and BAIII 
were from Balcarce-Buenos Aires (37°50 4́7´́ S, 
58°15´19´́ W); strain BAIV from Necochea-Bue-
nos Aires (38°33 4́4´́  S, 58°44 4́3´́  W); strain 
CI from Río Cuarto-Córdoba (33° 08´00´́  S, 
64°21́ 00´́  W); strain ERI from Concordia-Entre 
Ríos (31°23´32´́ S, 58°01́ 01́ ´W); strain IT.I from 
Módena (44°39´00´́  N, 10°56´00´́  E); and strain 
IT.II from Reggio Emilia (44°42´00´́  N, 10°38´00´́  
E). The strains were identified using previously 
described methods (Alippi, 1991, 1992; De Graaf 
et al., 2013).
P. larvae growth was detected using resazurin 
sodium salt. Bacterial strains were grown and 
maintained on 2 % (w/v) MYPGP-agar plates 
(Mueller-Hinton broth 1 % (w/v), yeast extract 
1.5 % (w/v), K2HPO4 0.3 % (w/v), glucose 0.2 % 
(w/v), sodium pyruvate 0.1 % (w/v), and agar 2 % 
(w/v)), and incubated at 37 °C and 10% (v/v) CO2 
for 48 h (Dingman and Stahly, 1983; Nordström 
and Fries, 1995). The bacterial inoculum was 
prepared in sterile peptone water (peptone 0.1 
% (w/v) and sodium chloride 0.85 % (w/v)) to a 
final optical density at 600nm (OD600nm) of 0.1 
using a UV-VIS spectrophotometer Spectrum 

SP-1103 (Spectrum Instruments Company Ltd., 
Shanghai, China) (Nordström and Fries, 1995). 
Brain-heart infusion (3.7 %, w/v) was used as a 
growth media for the bacterial strains when the 
broth microdilution assay was being performed.

Preparation of solvent solutions
The solvents studied throughout the present 
work were classified according to their phys-
icochemical parameters (Tab. S1, in the supple-
mentary information): (i) miscible solvents with 
the culture media which included slightly volatile 
solvents such as dimethylsulfoxide (DMSO) and 
volatile solvents such as acetonitrile, ethanol, 
methanol, and acidified hydroalcoholic mixtures 
such as methanol-water-acetic acid mixture 
(30:69:1, v/v/v); and (ii) non miscible solvents with 
the culture media, such as n-butanol.
The following aqueous solutions of each solvent 
were prepared (Tab. 1): DMSO 18.75% (v/v), 
22.5% (v/v), 27% (v/v) and 30% (v/v); acetonitrile 
18.75% (v/v), 22.5% (v/v), 30% (v/v), 36% (v/v), 
45% (v/v) and 60% (v/v); ethanol 18.75% (v/v), 
22.5% (v/v), 30% (v/v) and 36 % (v/v); methanol 
18.75% (v/v), 22.5% (v/v), 30% (v/v), 36% (v/v), 
45% (v/v), 60% (v/v) and 80% (v/v); and methanol-
water-acetic acid (30:69:1, v/v/v). To prepare each 
of these solutions, the corresponding volume of 
the pure solvent was placed in a volumetric flask 
and made up with sterilized water. Fresh solvent 
solutions were prepared daily.

Broth microdilution method
The experimental design carried out to study 
the organic solvent effect on the antimicrobial 
activity obtained by the broth microdilution 
method was the following. A first set of experi-
ments were performed on four P. larvae strains 
(BAI, BAII, CI and IT.II) to obtain the solvent 
concentration range where the MIC and MNIC 
values were included. Then, a second set of ex-
periments were performed on the eight P. larvae 
strains to determine the MIC and MNIC for each 
solvent, as well as the repeatability within-day 
and between days. The MIC value corresponds 
to the minimum concentration of the solvent 
at which in vitro bacterial growth inhibition is 
observed (De Graaf et al., 2013); and the MNIC is 
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the maximum concentration of the solvent that 
can be used without observing in vitro bacterial 
growth inhibition. All assays were performed in 
triplicate.
Miscible solvents with the culture media
a) Slightly volatile solvent: DMSO
Using a polystyrene 96-well culture plate ver-
tically-oriented as shown in Fig. 1, 100  µL of 
brain-heart infusion (3.7 %, w/v) was placed in 
each well of the microtitre plate, and 100  µL 
of the DMSO solution only in the wells corre-
sponding to column A. Two-fold serial dilutions 
were then performed starting from column A 

to column F. Afterwards, 50 µL of the bacterial 
suspension were added to all wells. Columns 
G and H, which only contained culture media 
(100 µL) and bacterial inoculum (50 µL), were 
used as strain viability control (SVC). The plate 
was incubated at 37°C for 48 h under micro-
aerophilic conditions (O2 10% (v/v)). Bacterial 
growth was detected after the plates were 
incubated for 1 h with resazurin sodium salt at 
0.01% (w/v), which is a blue redox indicator that 
turns pink in the presence of aerobic growing 
bacteria. A different plate was used to test each 
DMSO solution.

Table 1
Final concentrations of the solvent (%, v/v) in contact with the bacteria in the broth microdilution 

method*

Final solvent concentrations in contact with bacteria in plate (%, v/v)
Solvents C** C1 C2 C3 C4 C5 C6 C7 C8 C9 C10

DMSO 18.75 6.25 3.13 1.56 0.78 0.39 0.20 nt nt nt nt
22.5 7.50 3.75 1.88 0.94 0.47 0.23 nt nt nt nt
27 9 4.5 2.25 1.13 0.56 0.28 nt nt nt nt
30 10 5 2.5 1.25 0.63 0.31 nt nt nt nt

Acetonitrile 18.75 6.25 3.13 1.56 0.78 nt nt nt nt nt nt
22.5 7.5 3.75 1.88 0.94 nt nt nt nt nt nt
30 10 5 2.5 1.25 nt nt nt nt nt nt
36 12 6 3 1.5 nt nt nt nt nt nt
45 15 7.5 3.75 1.88 nt nt nt nt nt nt
60 20 10 5 2.5 nt nt nt nt nt nt

Ethanol 18.75 6.25 3.13 1.56 0.78 nt nt nt nt nt nt
22.5 7.5 3.75 1.88 0.94 nt nt nt nt nt nt
30 10 5 2.5 1.25 nt nt nt nt nt nt
36 12 6 3 1.5 nt nt nt nt nt nt

Methanol 18.75 6.25 3.13 1.56 0.78 nt nt nt nt nt nt
22.5 7.5 3.75 1.88 0.94 nt nt nt nt nt nt
30 10 5 2.5 1.25 nt nt nt nt nt nt
36 12 6 3 1.5 nt nt nt nt nt nt
45 15 7.5 3.75 1.88 nt nt nt nt nt nt
60 20 10 5 2.5 nt nt nt nt nt nt
80 26.67 13.33 6.67 3.33 1.67 0.83 nt nt nt nt

Methanol- 30: 10: 5: 2.5: 1.25:
water- 69: 89.67: 94.84: 97.42: 98.71: nt nt nt nt nt nt

acetic acid*** 1 0.33 0.16 0.08 0.04
n-Butanol 100 10 9 8 7 6 5 4 3 2 1

*   Abbreviations: C, concentration (%, v/v); nt: not tested.
**  Initial concentration of aqueous solvent solution tested (%, v/v).
*** Concentration expressed as % (v/v/v).
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b) Volatile solvents: acetonitrile, ethanol, 
methanol and acidified hydroalcoholic 
solutions
Using a polystyrene 96-well culture plate ver-
tically-oriented as shown in Fig. 2, 100  µL of 
brain-heart infusion (3.7 %, w/v) was placed in 
each well of the microtitre plate, and 100  µL 
of the volatile solvent solution only in the wells 
corresponding to column A. Then two-fold serial 
dilutions were performed starting from column 
A to column F, but skipping columns B and C. 
Afterwards, 50 µL of the bacterial suspension 
were added to each well. Columns B and C 
were used as solvent evaporation control (SEC), 
and columns G and H as SVC. Columns B, C, G 
and H only contained culture media (100 µL) 
and bacterial inoculum (50 µL). The plate was 
incubated and the bacterial growth detected as 
described for slightly volatile solvents, except 
for the methanol-water-acetic acid solution. In 
this case, bacterial growth was detected visually 

through the observation of turbidity in the wells, 
because resazurin reacted immediately with 
acetic acid, turning the culture media pink and 
giving a false positive result. A different plate 
was used to test each solvent solution.

Non miscible solvents with the culture media
a) Volatile solvents: n-butanol
Polystyrene 96-well culture plates, horizontally-
oriented (Fig. 3) and vertically-oriented (Fig. 4) 
were divided into sectors for the final tested 
n-butanol concentrations (FTC), and for SEC 
and SVC controls. The n-butanol solutions of 
different concentrations were prepared directly 
in the plate wells in the culture media; the cor-
responding solvent and brain-heart infusion 
volumes were added to the plate wells in order 
to obtain the desired final n-butanol concentra-
tion. Then, 50 µL of the bacterial suspension 
were added to each well in the plate. The final 
volume in each well was 150 µL: 100 µL corre-

Fig.1. Example of the final concentration tested in 
a serial microdilution plate (vertically-oriented) for 
slightly volatile solvents: DMSO 30% (v/v) in water. 
Abbreviations: SVC, strain viability control; SSD, con-
centration of the solvent serial dilution (%, v/v).

Fig. 2. Example of the final concentration tested 
in a serial microdilution plate (vertically-oriented) 
for volatile solvents at 30% (v/v) in water. Abbre-
viations: SVC, strain viability control; SSD, concen-
tration of the solvent serial dilution (%, v/v); SEC, 
solvent evaporation control.
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sponding to the sum of solvent 
and the culture media and 50 
µL to the bacterial inoculum. For 
instance, in order to obtain a final 
n-butanol concentration of 10 % 
(v/v) in the plate well, 15 µL of 
pure n-butanol, 85 µL of brain-
heart infusion (3.7 %, w/v) and 
50 µL of the bacterial inoculum 
were placed in the well. The SEC 
and SVC wells contained 100 µL 
of brain-heart infusion (3.7 %, 
m/v) and 50 µL of the bacterial 
inoculum. Ten different n-butanol 
concentrations were tested. 
Final concentrations of n-butanol 
ranging between 3 and 10 % (v/v) 
were tested in horizontally-orient-
ed plates (Fig. 3), and n-butanol 1 
and 2% (v/v) in vertically-oriented 

plates. In the former, only one strain per plate 
was tested, while in the latter four strains were 
studied at a time. The plate was incubated and 
the bacterial growth detected as described for 
slightly volatile solvents.

Repeatability assays
Repeatability studies were performed using 
those aqueous solvent solutions with concentra-
tions close to the MIC and MNIC values obtained 
in the broth microdilution assays described 
above. Repeatability assays within-day (n = 
3) and between days (n = 4) were performed 
following the plate schemes presented in Figs. 
1 and 2 for miscible solvents with the culture 
media, and in Fig. 4 for non miscible volatile 
solvents with the culture media.

Statistical analysis
Statistical analyses were performed using 
the statistical package Statistica 6.1 (StatSoft 
Inc., Tulsa, OK, USA, 1984-2004). Repeatabili-
ties of the assays were evaluated in terms of 
percentage of relative standard deviation.

RESULTS

This paper presents a systematic study to 

Fig. 3. Example of the final concentration tested in a microdilution 
plate (horizontally-oriented) for non miscible volatile solvents, e.g. 
n-butanol. Abbreviations: SVC, strain viability control; SSD, concen-
tration of the solvent serial dilution (%, v/v); SEC, solvent evapora-
tion control; FTC, final tested concentration (%, v/v).

Fig. 4. Example of the final concentration tested in 
a microdilution plate (vertically-oriented) for non 
miscible volatile solvents, e.g. n-butanol. Abbrevia-
tions: SVC, strain viability control; SSD, concentration 
of the solvent serial dilution (%, v/v); SEC, solvent 
evaporation control; FTC, final tested concentration 
(%, v/v).
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determine the MIC and MNIC of organic solvents 
and their aqueous mixtures, in order to establish 
the maximum contents of the organic solvent in 
the medium once the bacteria is put in contact 
with the extract or the pure compound.
During preliminary studies, bacterial growth 
inhibition was observed in the SVC columns as 
well as in wells containing the organic solvent 
in concentrations that had been previously 
tested and found to be innocuous to P. larvae; 
hence the antimicrobial activity results were 
not being repeatable. This phenomenon only 
occurred when relatively high concentrations 
of the volatile organic solvents were tested. 
It was explained by the evaporation of the 
volatile organic solvent during incubation from 
wells with higher concentrations and its partial 
dissolution in contiguous SVC wells or wells 
containing solutions with lower concentrations 
of organic solvent. This way the initial solvent 
concentration in these wells increased, and 
hence the antimicrobial activity results were 
distorted. Therefore, different experimental 
designs on the plates (Figs. 1 - 4) were carried 
out to study the different solvents, depending 
on their miscibility with aqueous culture media 
and volatility (Tab. S1, in the supplementary in-
formation). For volatile solvents, solvent evapo-
ration controls (SEC) in adjacent columns to the 
wells containing the highest concentration of 
the solvent were included (Fig. 2, 3 and 4).

Minimum inhibitory concentration and 
maximum non inhibitory concentration of 
organic solvents
DMSO
Aqueous DMSO 18.75 % (v/v) (i.e. DMSO 6.25 % 
(v/v) in column A of the plate in Fig. 1) or lower 
concentrations allowed the growth of P. larvae 
in the entire plate (Tab. 2). Aq. DMSO 22.5 % 
(v/v) inhibited the bacterial growth in column A 
(DMSO 7.5 % (v/v) in plate) of strains BAI, BAII and 
CI, while strain IT.II grew normally in the whole 
plate. Aq. DMSO solutions of 27 % (v/v) and 30 
% (v/v) inhibited bacterial growth in column 
A (DMSO 9 % (v/v) and 10 % (v/v) in plate, re-
spectively) and allowed bacterial growth of the 
four strains tested from column B (DMSO 4.5 % 
(v/v) and 5 % (v/v) in the plate (Fig. 1), respec-

tively) to F. Aq. DMSO 18.75 % (v/v), 22.5 % (v/v) 
and 30 % (v/v) were chosen to continue with 
the repeatability assays on the eight P. larvae 
strains to determine the MIC and MNIC values 
(Tab. 3). Aq. DMSO 18.75 % (v/v) allowed the 
growth of strains BAI, BAII and CI from column 
A (DMSO 6.25 % (v/v) in plate (Fig. 1)) in 50% of 
the assays; the remaining 50 % of the assays 
yielded bacterial growth from column B (DMSO 
3.13 % (v/v) in plate) and next ones. Strains BAIII, 
ERI and IT.I grew from column A (DMSO 6.25 
% (v/v) in plate) in 100 % of the repeatability 
assays. Strain IT.II grew from column A (DMSO 
6.25 % (v/v) in plate) in 75 % of the assays, while 
strain BAIV grew from column B (DMSO 3.13 % 
(v/v) in plate) in 100 % of the assays. Aq. DMSO 
22.5 % (v/v) and 30 % (v/v) inhibited the growth 
of strains BAI, BAII, CI, BAIII, ERI, IT.II and BAIV 
in column A (DMSO 7.5 % (v/v) and 10 % (v/v) 
in plate, respectively) in 100 % of the repeat-
ability assays, and allowed the bacterial growth 
from column B (3.75 % (v/v) and 5 % (v/v) DMSO 
in plate, respectively). Strain IT.I behaved in the 
same manner as the rest of the strains tested 
when incubated with aq. DMSO 30 % (v/v), but 
aq. DMSO 22.5 % (v/v) solution inhibited strain 
IT.I growth in column A (7.5 % (v/v) DMSO in plate) 
in 25 % of the repeatability assays. According 
to these results, the MNIC of DMSO against P. 
larvae was 5 % (v/v) in plate, while the MIC of 
DMSO ranged between 6.25 % (v/v) (inhibition in 
34.37 % of the assays) and 10 % (v/v) (inhibition 
in 100% of the assays) in plate (Tab. 4).

Acetonitrile
Aqueous acetonitrile solutions with concentra-
tions of 18.75 % (v/v), 22.5 % (v/v), 30 % (v/v), 36 
% (v/v) and 45% (v/v) allowed the growth of all 
P. larvae strains from column A (i.e. acetonitrile 
6.25 % (v/v), 7.5 % (v/v), 10 % (v/v), 12 % (v/v) 
and 15 % (v/v) in plate (Fig. 2), respectively) (Tab. 
2). Aq. acetonitrile 60 % (v/v) inhibited growth 
in column A (acetonitrile 20 % (v/v) in plate) and 
allowed bacterial growth from column D (ace-
tonitrile 10 % (v/v) in plate). Aq. acetonitrile 36 
% (v/v), 45 % (v/v) and 60 % (v/v) were chosen 
to perform the repeatability assays with eight P. 
larvae strains (Tab. 3). Aq. acetonitrile 36 % (v/v) 
allowed the bacterial growth of all strains from 
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column A (acetonitrile 12 % (v/v) in plate (Fig. 2)) 
in 100% of the assays. With aq. acetonitrile 45 
% (v/v), strains BAI, BAII, CI, ERI and IT.II grew 
from column A (acetonitrile 15 % (v/v) in plate) 
in 75 % of the repeatability assays; and in the 
remaining 25% of the assays, bacterial growth 
was observed from column D (7.5 % (v/v) ace-
tonitrile in plate). Strains BAIII and BAIV grew 
from column A as well (acetonitrile 15 % (v/v) 
in plate) but only in 50 % of the assays, while 
strain IT.I grew in 25 % of the assays when that 
same concentration was present. Aq. acetoni-
trile 60 % (v/v) inhibited the growth of strains 
BAI, BAII, IT.I, IT.II and BAIV in column A (acetoni-
trile 20 % (v/v) in plate) in 100% of the repeat-
ability assays and allowed their growth from 
column D (acetonitrile 10 % (v/v) in plate). Strain 
BAIII growth was inhibited in column A (acetoni-

trile 20 % (v/v) in plate) and in column D (acetoni-
trile 10 % (v/v) in plate) in 50 % of the assays. 
Strains CI and ERI showed inhibition in column 
A (acetonitrile 20 % (v/v) in plate) in 100 % of 
the assays, while in column D (acetonitrile 10 % 
(v/v)) inhibition occurred in 25 % of the assays. 
When the aq. acetonitrile 36 % (v/v) was used, 
no bacterial growth inhibition was observed in 
column A (acetonitrile 12 % (v/v) in plate) in 100% 
of the assays for all strains tested.  H o w e v e r, 
when the aq. acetonitrile 60 % (v/v) was tested, 
inhibition at 10 % (v/v) acetonitrile in plate was 
observed in 12.5 % of the assays. Thus, differ-
ences in the inhibiting effective concentration 
were observed depending on the concentra-
tion of the initial aq. acetonitrile solution tested, 
indicating that these acetonitrile concentrations 
represent the limit between the growth and 

Table 2
MIC and MNIC (%, v/v) for each solvent against Paenibacillus larvae obtained from the set of experi-

ments performed using different initial solvent concentrations*

MIC MNIC
Solvent C** Strain BAI BAII CI IT.II BAI BAII CI IT.II
DMSO 18.75 ni ni ni ni 6.25 6.25 6.25 6.25

22.5 7.5 7.5 7.5 ni 3.75 3.75 3.75 7.5
27 9 9 9 9 4.5 4.5 4.5 4.5
30 10 10 10 10 5 5 5 5

Acetonitrile 18.75 ni ni ni ni 6.25 6.25 6.25 6.25
22.5 ni ni ni ni 7.5 7.5 7.5 7.5
30 ni ni ni ni 10 10 10 10
36 ni ni ni ni 12 12 12 12
45 ni ni ni ni 15 15 15 15
60 20 20 20 20 10 10 10 10

Ethanol 18.75 ni ni ni ni 6.25 6.25 6.25 6.25
22.5 7.5 ni 7.5 ni 3.75 7.5 3.75 7.5
30 5 10 5 ni 2.5 5 2.5 10
36 12 12 12 12 6 6 6 6

Methanol 18.75 ni ni ni ni 6.25 6.25 6.25 6.25
22.5 ni ni ni ni 7.5 7.5 7.5 7.5
30 ni ni ni ni 10 10 10 10
36 ni ni ni ni 12 12 12 12
45 15 ni 15 15 7.5 15 7.5 7.5

n-Butanol 100 2 2 2 3 1 1 1 2

* Abbreviations: MIC, minimum inhibitory concentration (%, v/v); MNIC, maximum non inhibitory concentra-
tion (%, v/v); ni, non inhibitory.
** Initial concentration of aqueous solvent solution tested (%, v/v).
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Table 3
MIC and MNIC (%, v/v) for each solvent against Paenibacillus larvae obtained from the set of experi-

ments performed to study the repeatability of the broth microdilution method*

M
IC

M
N

IC

So
lv

en
t

C**

D
ay

St
ra

in

B
A

I

B
A

II

CI

B
A

III

ER
I

IT
.I

IT
.II

B
A

IV

B
A

I

B
A

II

CI

B
A

III

ER
I

IT
.I

IT
.II

B
A

IV

D
M

SO

18.75

1 ni 6.25 ni ni ni ni ni 6.25 6.25 3.13 6.25 6.25 6.25 6.25 6.25 3.13

2 6.25 ni 6.25 ni ni ni ni 6.25 3.13 6.25 3.13 6.25 6.25 6.25 6.25 3.13

3 ni ni ni ni ni ni ni 6.25 6.25 6.25 6.25 6.25 6.25 6.25 6.25 3.13

4 6.25 6.25 6.25 ni ni ni 6.25 6.25 3.13 3.13 3.13 6.25 6.25 6.25 3.13 3.13

22.5

1 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75

2 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75

3 7.5 7.5 7.5 7.5 7.5 ni 7.5 7.5 3.75 3.75 3.75 3.75 3.75 7.5 3.75 3.75

4 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 3.75 3.75 3.75 3.75 3.75 3.75 3.75 3.75

30

1 10 10 10 10 10 10 10 10 5 5 5 5 5 5 5 5

2 10 10 10 10 10 10 10 10 5 5 5 5 5 5 5 5

3 10 10 10 10 10 10 10 10 5 5 5 5 5 5 5 5

4 10 10 10 10 10 10 10 10 5 5 5 5 5 5 5 5

A
ce

to
ni

tr
ile

36

1 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

2 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

3 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

4 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

45

1 ni ni ni ni ni 15 ni 15 15 15 15 15 15 7.5 15 7.5

2 ni ni ni 15 ni ni ni ni 15 15 15 7.5 15 15 15 15

3 ni ni ni 15 15 15 ni 15 15 15 15 7.5 7.5 7.5 15 7.5

4 15 15 15 ni ni 15 15 ni 7.5 7.5 7.5 15 15 7.5 7.5 15

60

1 20 20 20 10 20 20 20 20 10 10 10 5 10 10 10 10

2 20 20 20 10 10 20 20 20 10 10 10 5 5 10 10 10

3 20 20 10 20 20 20 20 20 10 10 5 10 10 10 10 10

4 20 20 20 20 20 20 20 20 10 10 10 10 10 10 10 10

Et
ha

no
l

22.5

1 ni ni ni ni ni ni ni ni 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

2 ni ni ni ni ni ni ni ni 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

3 ni ni ni ni ni ni ni ni 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

4 ni ni ni ni ni ni ni ni 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5

30

1 ni 10 10 10 ni 10 ni ni 10 5 5 5 10 5 10 10

2 10 ni 10 ni ni ni ni 10 5 10 5 10 10 10 10 5

3 10 10 10 ni 10 10 ni 10 5 5 5 10 5 5 10 5

4 10 10 10 ni ni ni 10 10 5 5 5 10 10 10 5 5

36

1 12 12 12 12 12 12 12 12 6 6 6 6 6 6 6 6

2 12 12 12 12 12 12 12 12 6 6 6 6 6 6 6 6

3 12 12 12 12 12 12 12 12 6 6 6 6 6 6 6 6

4 12 12 12 12 12 12 12 12 6 6 6 6 6 6 6 6
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inhibition of the bacteria. The MNIC of acetoni-
trile against P. larvae is 7.5 % (v/v) in plate, while 
the MIC ranges between acetonitrile 10 % (v/v) 
and 15 % (v/v) in plate (inhibition in 16.66 % of 
the assays). At acetonitrile at 20 % (v/v) in plate, 
inhibition occurs in 100 % of the assays (Tab. 4).

Ethanol
Aqueous ethanol 18.75 % (v/v) allowed the 
growth of all strains from column A (ethanol 
6.25 % (v/v) in plate (Fig. 2)) (Tab. 2). Aq ethanol 
22.5 % (v/v) inhibited the growth of strains BAI 
and CI in column A (ethanol 7.5 % (v/v) in plate), 

while strains BAII and IT.II grew in the presence 
of this ethanol concentration. Strains BAI and 
CI were inhibited by aq. ethanol 30 % (v/v) in 
columns A and D (ethanol 10 % (v/v) and 5 % 
(v/v) in plate, respectively), while strain BAII was 
only inhibited in column A (ethanol 10 % (v/v) in 
plate), and strain IT.II grew even in the presence 
of the highest concentration (ethanol 10 % (v/v) 
in plate). Aq. ethanol 36 % (v/v) inhibited the 
growth of all strains tested in column A (ethanol 
12 % (v/v) in plate). Aq. ethanol 22.5 % (v/v), 30 % 
(v/v) and 36 % (v/v) were chosen to perform the 
repeatability assays with eight P. larvae strains 
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B
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A
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CI
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ER
I
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.I

IT
.II

B
A

IV

M
et
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l

36

1 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

2 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

3 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

4 ni ni ni ni ni ni ni ni 12 12 12 12 12 12 12 12

45

1 ni ni ni ni ni ni ni ni 15 15 15 15 15 15 15 15

2 ni ni 15 ni ni ni ni 15 15 15 7.5 15 15 15 15 7.5

3 15 15 15 ni ni ni 15 15 7.5 7.5 7.5 15 15 15 7.5 7.5

4 ni 15 ni ni ni ni ni ni 15 7.5 15 15 15 15 15 15

M
et

ha
no

l-w
at

er
-a

ce
ti

c 
ac

id
**

*

30:

1

2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25:

69: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71:

1 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

2

2.5: 2.5: 5: 2.5: 2.5: 2.5: 2.5: 2.5: 1.25: 1.25: 2.5: 1.25: 1.25: 1.25: 1.25: 1.25:

97.42: 97.42: 94.84: 97.42: 97.42: 97.42: 97.42: 97.42: 98.71: 98.71: 97.42: 98.71: 98.71: 98.71: 98.71: 98.71:

0.08 0.08 0.16 0.08 0.08 0.08 0.08 0.08 0.04 0.04 0.08 0.04 0.04 0.04 0.04 0.04

3

2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25:

97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71:

0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

4

2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 2.5: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25: 1.25:

97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 97.42: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71: 98.71:

0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.08 0.04 0.04 0.04 0.04 0.04 0.04 0.04 0.04

n-
B

ut
an

ol

100

1 2 2 2 3 2 2 2 2 1 1 1 2 1 1 1 1
2 2 3 3 3 3 3 3 3 1 2 2 2 2 2 2 2
3 2 2 2 2 3 2 2 3 1 1 1 1 2 1 1 2
4 2 2 2 3 2 3 3 2 1 1 1 2 1 2 2 1

* Abbreviations: See Table 2.
** Initial concentration of aqueous solvent solution tested (%, v/v).
*** Concentration expressed as % (v/v/v).
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(Tab. 3). Aq. ethanol at 22.5 % (v/v) allowed the 
growth of all strains from column A (ethanol 7.5 
% (v/v) in plate (Fig. 2)) in 100 % of the assays. 
With aq. ethanol 30 % (v/v), strain CI growth 
was inhibited in column A (ethanol 10 % (v/v) in 
plate) in 100 % of the assays, for strains BAI, 
BAII and BAIV in 75 % of the assays, for strain 
IT.I in 50 % of the assays, and strains BAIII, ERI 
and IT.II in 25 % of the assays. Aq. ethanol at 36 
% (v/v) inhibited the growth of all eight P. larvae 
strains in column A (ethanol 12 % (v/v) in plate) 
in 100% of the assays. These results indicate 
that the MNIC of ethanol against P. larvae is 7.5 
% (v/v), and the MIC ranges between 10 % (v/v) 
(inhibition in 56.25 % of the assays) and 12 % 
(v/v) (inhibition in 100% of the assays) (Tab. 4).

Methanol
Aqueous methanol at 18.75 % (v/v), 22.5 % 
(v/v), 30 % (v/v) and 36% (v/v) allowed the 
growth of all strains from column A (methanol 
6.25 % (v/v), 7.5 % (v/v), 10 % (v/v) and 12 % 
(v/v) in plate (Fig. 2), respectively) (Tab. 2). Aq. 
methanol 45 % (v/v) inhibited the growth of 
strains BAI, CI and IT.II in column A (methanol 15 
% (v/v) in plate), while strain BAII grew in the 
presence of such methanol concentration. When 
aq. methanol 60 % (v/v) and 80 % (v/v) were 
tested (i.e. methanol 20 % (v/v) and 27 % (v/v) 

in column A of the plate, respectively), results 
were inconclusive, probably due to partial 
evaporation of the solvent during incubation. 
Indeed, complete inhibition of all strains in the 
SEC columns was observed, as it happened in 
the preliminary assays described above. When 
using aq. methanol 60 % (v/v) and 80 % (v/v), 
partial evaporation of methanol occured during 
incubation, and part of this methanol vapour re-
dissolved in the solutions of the adjacent wells, 
resulting in the inhibition of bacterial growth 
also in these wells. Aq. methanol 36 % (v/v) and 
45 % (v/v) were chosen to perform the repeat-
ability assays with eight P. larvae strains (Tab. 
3). Aq. methanol 36 % (v/v) allowed the growth 
of all the strains from column A (methanol 12 
% (v/v) in plate (Fig. 2)). With aq. methanol 45 
% (v/v), strains BAI and IT.II were inhibited in 
column A (methanol 15 % (v/v) in plate) in 25 
% of the assays, while strains BAII, CI and BAIV 
in 50 % of the assays. Strains BAIII, ERI and IT.I 
grew normally when incubated at such concen-
tration (methanol 15 % (v/v) in plate). Therefore, 
MNIC and MIC of methanol against P. larvae are 
12% (v/v) and 15 % (v/v) (inhibition in 25% of the 
assays) in plate respectively (Tab. 4).

Acidified hydroalcoholic solution
The growth of strains BAI, BAII, BAIII, ERI, IT.I, 

Table 4
MIC and MNIC (%, v/v) for each solvent against Paenibacillus larvae established for the broth micro-

dilution method*

Solvent MIC MNIC

DMSO 6.25 − 10 5

Acetonitrile 10 − 20 7.5

Ethanol 10 − 12 7.5

Methanol 15 12

Methanol- 2.5: 5: 1.25:
water- 97.42: − 94.84: 98.71:

acetic acid** 0.08 0.16 0.04

n-Butanol 2 − 3 1

* Abbreviations: See Table 2.
** Concentration expressed as % (v/v/v).
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IT.II and BAIV was inhibited in 100 % of the re-
peatability assays in columns A (methanol-wa-
ter-acetic acid, 10:89.67:0.33, v/v/v in plate (Fig. 
2)), D (methanol-water-acetic acid, 5:94.84:0.16, 
v/v/v in plate) and E (methanol-water-acetic acid, 
2.5:97.42:0.08, v/v/v in plate) (Tab. 3). Bacterial 
growth was only observed in column F (meth-
anol-water-acetic acid, 1.25:98.71:0.04, v/v/v in 
plate). Strain CI presented the same behaviour 
as the rest of the strains tested in 75% of the 
repeatability assays, while in the remaining 25% 
of the assays, it grew from column E (methanol-
water-acetic acid, 2.5:97.42:0.08, v/v/v in plate) to 
F. Hence, the MNIC of the methanol-water-acetic 
acid mixture against P. larvae is 1.25:98.71:0.04 
(v/v/v) in plate, and the MIC ranges between 
2.5:97.42:0.08 (v/v/v) in plate (inhibition in 96.87 
% of the assays) and 5:94.84:0.16 (v/v/v) in plate 
(inhibition in 100% of the assays) (Tab. 4).

n-Butanol
Final n-butanol concentrations of 1% (v/v) to 
10% (v/v) in plate were tested (Fig. 3 and Fig. 
4). Concentrations of 3% (v/v) n-butanol or 
higher inhibited the growth of all strains tested 
(Tab. 2). Strains BAI, BAII and CI were inhibited 
by n-butanol 2 % (v/v), while strain IT.II grew 
in the presence of this n-butanol concentra-
tion. The final n-butanol concentration of 1 % 
(v/v) in plate allowed the growth of all strains 
tested. Therefore n-butanol concentrations of 
3 % (v/v), 2 % (v/v) and 1 % (v/v) were chosen 
to continue with the repeatability assays using 
eight P. larvae strains (Tab. 3). In the presence 
of n-butanol 3 % (v/v), all strains tested were 
inhibited in 100 % of the assays (Fig. 4). With 
n-butanol 2 % (v/v), strain BAI presented 
inhibition in 100% of the assays, strains BAII and 
CI in 75 % of the assays, strains ERI, IT.I, IT.II and 
BAIV in 50 % of the assays, and strain BAIII in 
25 % of the assays. When testing n-butanol at 1 
% (v/v), all strains tested grew normally in 100 
% of the assays. Thus, the MNIC of n-butanol 
against P. larvae is 1 % (v/v), and the MIC value 
ranges between 2 % (v/v) (inhibition in 59.37 % 
of the assays) and 3 % (v/v) (inhibition in 100% 
of the assays) (Tab. 4).

DISCUSSION

The organic solvents, ethanol, methanol, 
n-butanol and acetonitrile, which are the most 
commonly used to extract bioactive natural 
products from plants or to dissolve pure 
natural compounds, were studied. Hydroalco-
holic solutions are usually used as well for the 
extraction of polyphenols, which are one of 
the major classes of natural bioactive products 
due to their antioxidant properties (Mihai et 
al., 2012). Acidified hydromethanolic solutions 
are usually used for the extraction of polyphe-
nols from plants and agricultural food products 
(vegetables, fruits, beverages, beehive products) 
(Alonso-Salces et al., 2009; Abad-García et al., 
2012; Biesaga and Pyrzyńska, 2013; Ramirez-
Ambrosi et al., 2013), so the solution methanol-
water-acetic acid (30:69:1, v/v/v) was particu-
larly selected to be assayed.
Other extracting solvents such as ethyl 
acetate (Lokvam et al., 2000; Boligon et al., 
2013), chloroform (Reyes et al., 2013), dichlo-
romethane (Boligon et al., 2013; Hernández-
López et al., 2014), and hexane (Sabaté et al., 
2012) have been used to extract or dissolve 
bioactive compounds to be tested in antimi-
crobial activity assays against P. larvae, but 
they could not be assayed in the present study 
because the polystyrene plates commonly used 
for the broth microdilution method present 
low resistance against these solvents. The an-
timicrobial activity of extracts or pure natural 
compounds dissolved in such solvents have to 
be determined by using other methods such as 
agar diffusion (Lokvam et al., 2000; Reyes et 
al., 2013; Hernández-López et al., 2014) or agar 
dilution (Reyes et al., 2013). However, if broth mi-
crodilution is the method of choice, the solvent 
should be evaporated, and the extract dissolved 
using a polystyrene-compatible solvent prior to 
perform the assay (Sabaté et al., 2012). DMSO 
is a solvent commonly used to dissolve extracts 
after evaporation and so was included in this 
study.
Although the antimicrobial activity of natural 
products is widely reported in literature, con-
troversial results have been found because of 



J. APIC. SCI.  Vol. 61 No. 1 2017

49

the diversity of criteria and methods employed, 
as well as the omission of appropriate controls 
and experimental details (Allegrini et al., 1973; 
Pellecuer et al., 1976; Ríos and Recio, 2005). The 
broth microdilution method is currently one of 
the most widely used methods to determine the 
MIC value of a substance. In this regard, one of 
the major issues is that most natural products 
must be dissolved in organic solvents or their 
aqueous mixtures due to their lipophilic nature, 
in order to determine their antimicrobial activity 
by this method. Therefore, it is essential to know 
the final concentration of the organic solvent in 
the broth once the bacteria are put in contact 
with the extract or the pure compound solution, 
in order to assure that the antimicrobial activity 
observed is only due to the tested substance 
and not to the organic solvent. In this sense, the 
literature related to the antimicrobial activity 
against P. larvae usually provides little informa-
tion about several important issues regarding 
the organic solvents present, for instance: i) 
whether the organic solvent contained in the 
extracts is evaporated and the extract re-
dissolved in another suitable solvent is not 
reported (Gallardo et al., 2004; Boligon et al., 
2013); ii) the nature of the solvent in which the 
natural pure compounds are dissolved in is not 
included (Feldlaufer et al., 1993; Hornitzky, 2003; 
Gallardo et al., 2004; Sabaté et al., 2012; Boligon 
et al., 2013; Hernández-López et al., 2014); iii) 
the methodology carried out to determine the 
antimicrobial activity is not detailed, which 
makes extremely difficult or even impossible to 
calculate the final concentration of the organic 
solvent in contact with the bacteria (Feldlaufer 
et al., 1993; Lokvam et al., 2000; Hornitzky, 
2003; Gallardo et al., 2004; Flesar et al., 2010; 
Sabaté et al., 2012; Boligon et al., 2013; Reyes 
et al., 2013; Hernández-López et al., 2014); iv) 
whether control assays are performed using 
the organic solvent in the same concentration 
as it was in the extract or in the pure compound 
solution tested is not mentioned (Gallardo et al., 
2004; Boligon et al., 2013). 
All these issues have been faced and taken into 
account in the present work. Thus, a systematic 
approach was developed to establish the 

maximum concentration of the organic solvent 
in the extract or in the pure compound solution 
to be tested in order to determine its antimi-
crobial activity against P. larvae by the broth 
microdilution method. As a result, the MIC and 
MNIC of the studied solvents against P. larvae 
were disclosed (Tab. 4). Regarding the MNIC 
and MIC of methanol (12% (v/v) and 15 % (v/v) 
in plate respectively), the fact that methanol 
concentrations in plate in the assays of the 
acidified hydromethanolic solution were lower 
than the MNIC and MIC of methanol leads to 
the conclusion that acetic acid at 1% (v/v) in the 
initial acified hydromethanolic solution is re-
sponsible for the inhibition of bacterial growth, 
or that there is a synergic effect between acetic 
acid and methanol, which increases the anti-
bacterial effectiveness of each solvent in the 
mixture. The antiseptic properties of acetic acid 
have been already reported in the bibliography 
(Chun et al., 2014).
From the results achieved in the present study, 
the maximum concentrations of organic solvents 
in contact with P. larvae are established: 5% 
(v/v) of DMSO, 7.5% (v/v) of acetonitrile, 7.5% 
(v/v) of ethanol, 12% (v/v) of methanol, 1% (v/v) 
of n-butanol, and methanol-water-acetic acid 
(1.25:98.71:0.04, v/v/v). The knowledge of the 
concentrations of the different organic solvents 
at which no inhibition of bacterial growth is 
observed, as well as the concentrations that 
produce such inhibition provides crucial and 
useful information for further studies on the 
antimicrobial activities of natural products 
against P. larvae as well as for future research 
on different fields related to P. larvae. Fur-
thermore, the systematic study proposed and 
presented in this paper will contribute as a 
starting point to properly perform antimicrobial 
studies in other biological models.

ABBREVIATIONS
AFB, American Foulbrood; C, concentration; 
CLSI, Clinical and Laboratory Standards Institute; 
DMSO, dimethylsulfoxide; FTC, final tested con-
centration; MIC, minimum inhibitory concentra-
tion; MNIC, maximum non inhibitory concentra-
tion; n.i., non inhibitory; n.t., not tested; SEC, 
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solvent evaporation control; SSD, concentration 
of the solvent serial dilution; SVC, strain viability 
control; and VOC, Volatile organic compound.
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SUPPLEMENTARY INFORMATION

Table S1
Physicochemical parameters of solvents.

Solvent
Water 

solubility  
(% w/w)*

Boiling point 
(ºC)

Vapour pressure 
20 ºC (kPa)** References***

Ethyl acetate 8.7 76.5 - 77.5 9.73 Sigma-Aldrich

Acetonitrile 100 (miscible) 81 - 82 9.86 Sigma-Aldrich

Acetic acid 100 (miscible) 117 - 118 1.50 Sigma-Aldrich

Water 100 (miscible) 100 2.30 CTR scientific

Chloroform 0.81 60.5 - 61.5 21.33 Sigma-Aldrich

Dichloromethane 1.6 40 47.00 Sigma-Aldrich

Dimethylsulfoxide 100 (miscible) 189 0.05 Sigma-Aldrich

Ethanol 100 (miscible) 78 5.90 Sigma-Aldrich

Hexane 0.001 69 17.60 Sigma-Aldrich

Methanol 100 (miscible) 64.70 13.03 Sigma-Aldrich

n-Butanol 0.43 116 - 118 0.50 Sigma-Aldrich

* The data was extracted from the solvent miscibility table provided by Cienytech (Tabla de 
Miscibilidad de Disolventes, www.cienytech.com/ES/datos.htm, access date 16th November 2015).
** Volatile organic compound (VOC) is defined as any organic compound having at 293,15 K a vapour 
pressure of 0,01 kPa or more, or having a corresponding volatility under the particular conditions 
of use; and organic compound as any compound containing at least the element carbon and one or 
more of hydrogen, oxygen, sulphur, phosphorus, silicon, nitrogen, or a halogen, with the exception 
of carbon oxides and inorganic carbonates and bicarbonates.1,2

*** Solvent boiling point and vapour pressure data were extracted from the data sheet provided by 
these laboratories.

1 Directive, V. S. E., Council Directive 1999/13/EC of 11 March 1999 on the limitation of emissions of volatile 
organic compounds due to the use of organic solvents in certain activities and installations. In Union, T. E. P. 
a. t. C. o. t. E., Ed. Official Journal of the European Union: 1999; Vol. 1999/13/EC, pp 0001 - 0022.
2 Directive, V. S. E., Directive 2004/42/CE of the European Parliament and of the Council of 21 April 2004 
on the limitation of emissions of volatile organic compounds due to the use of organic solvents in certain 
paints and varnishes and vehicle refinishing products and amending Directive 1999/13/EC. In Union, T. E. P. 
a. t. C. o. t. E., Ed. Official Journal of the European Union: 2004; Vol. 1999/13/EC, pp 0087 - 0096.


