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A B S T R A C T

The American Foulbrood Disease (AFB) is a fatal larval bee infection. The etiologic agent is the bacterium Paenibacillus
larvae. The treatment involves incineration of all contaminated materials, leading to high losses. The Glycerol Monolau-
rate (GML) is a known antimicrobial potential compound, however its use is reduced due to its low solubility in water and
high melting point. The nanoencapsulation of some drugs offers several advantages like improved stability and solubility
in water. The present study aimed to evaluate the antimicrobial activity against P. larvae and the toxicity in bees of GML
nanoparticles. The nanocapsules were produced and presented mean diameter of 210 nm, polydispersity index of 0.044,
and zeta potential of −23.4 mV demonstrating the acceptable values to predict a stable system. The microdilution assay
showed that it is necessary 142 and 285 μg/mL of GML nanocapsules to obtain a bacteriostatic and bactericidal effect re-
spectively. The time-kill curve showed the controlled release of compound, exterminating the microorganism after 24 h.
The GML nanocapsules were able to kill the spore form of Paenibacillus larvae while the GML do not cause any effect.
The assay in bees showed that the GML has a high toxicity while the GML nanoparticles showed a decrease on toxic
effects. Concluding, the formulation shows positive results in the action to combat AFB besides not causing damage to
bees.

© 2016 Published by Elsevier Ltd.
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1. Introduction

Infection diseases must be critically controlled, especially in dense
environment populations. A typical example of this environment in-
volves bee colonies, which are frequently attacked by important
pathogens, leading in the most cases to the dead of insects and
colonies devastation [1]. One of the most dangerous disease in these
environments is the American foulbrood (AFB) which is a fatal dis-
ease that threatens apiculture, since it is highly contagious and can
eliminate all hive causing losses to the productive sector of honey
and derivatives [2]. The etiological agent is the bacillus Gram positive
spore-forming Paenibacillus larvae, considered a fatal epizootic glob-
ally scattered, even killing only larvae of bees [3]. Actually, the treat-
ments to control the AFB are extremely problematic and costly. For
these reasons, the search for alternatives to control the AFB with high
antimicrobial activity and low toxic effects is important [4].

The glycerol monolaurate (GML) is a natural compound recog-
nized as safe by The Food and Drug Administration (FDA). The an-
timicrobial potential of GML against many Gram Positive coccus in
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addition to Bacillus anthracis [5], inhibits microorganisms related to
candidiasis and bacterial vaginosis [6] is related. The use of GML is
not expanded due the low solubility in water, leading to low bioavail-
ability. In this context, the nanotechnology has shown great growth,
with promising results in pharmaceutical industry, due to the fact that
the nanoencapsulation of some compounds represents an increase of
solubility, potential antimicrobial and consequently a decrease of tox-
icity [7]. In view of the lack of options to combat AFB without losses,
the following study aimed to evaluate for the first time the antimicro-
bial activity of GML Nanocapsules against Paenibacillus species and
the toxicity in honey bees.

2. Materials and methods

2.1. GML nanocapsules

The GML Nanocapsules were produced according to the method
described previously [8] with modifications. The nanocapsules were
characterized as size distribution and polydispersity index (PDI) by
dynamic light scattering (DLS), zeta potential by electrophoresis in
a Zetasizer Nano-ZS (Malvern Instruments, United Kingdom). The
pH was evaluated using potentiometer (Digimed®). Each parameter
was evaluated in triplicated (n = 3) and results were expressed by
means ± standard deviation.

http://dx.doi.org/10.1016/j.micpath.2016.05.014
0882-4010/© 2016 Published by Elsevier Ltd.
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2.2. Microorganisms

Six isolates of Paenibacillus species from the collection of the
Ministry of Agriculture (LANAGRO/RS) Brazil were used in this
study. The test organisms included isolates of Paenibacillus algi-
nolyticus, Paenibacillus azotofixans, Paenibacillus borealis, Paeni-
bacillus gluconolyticus, Paenibacillus validus and Paenibacillus lar-
vae (ATCC 9545) were used, as well as three strains of P. larvae
well characterized isolated from different regions of Argentina: Cobo
(37°40′S-57°19′W), Miramar (38°13′ S-57°52′W), Chapadmalal
(38°03′S-57°42′W). These strains were gently donated by Research
Center in Social Bees, Faculdad de Ciências Exactas y Naturales, Uni-
versidad Nacional de Mar del Plata (Mar del Plata, Buenos Aires, Ar-
gentina). All strains were maintained in −80 °C on Brain Heart Infu-
sion (BHI) broth with glycerol and unfrozen 2 days before the experi-
ments.

2.3. Bacterial suspension

After unfrozen, the strains were seeded in MYPG agar (Mueller
Hinton, Yeast Extract, Potassium Phosphate Dibasic and Glucose) and
the plates were incubated at 37 °C for 24 h [9]. After incubation, the
colonies were suspended in sterile saline to make the bacterial suspen-
sion. The absorbance was adjusted in spectrophotometer to obtain 0.5
in McFarland scale (Optic density in 600 nm = 0.8 to 1.0).

2.4. Determination of minimal inhibitory and bactericidal
concentration

The minimal inhibitory concentration (MIC) was performed by
macrodilution method in tubes with Mueller Hinton Broth with Thi-
amine (MHBT) [10]. The GML and GML Nanocapsules were sequen-
tially diluted in the concentration range of 500–3.90 μg/mL in MHBT.
A group of only MHBT was considered such Negative Control and
MHBT with microorganism such Positive Control. This assay was
performed in triplicated. All tubes were incubated at 37 °C for 48 h.
After incubation, the substance (2,3,5 Triphenyltetrazolium chloride)
was used to visualize the MIC and was considered the lowest concen-
tration which the microorganism does not demonstrate visible growth.
To evaluate the minimal bactericidal concentration (MBC), samples of
each tube were seeded in MYPG agar and the lowest samples concen-
tration which no show colonies growth was defined as the MBC.

2.5. Time-kill curves

This assay was performed to determine the necessary time for the
GML and GML nanocapsules, eliminate the microorganism. The same
experiment design used in the previous item was applied for this study.
The tubes containing MHBT with GML or GML Nanocapsules on
MBC concentration were incubated at 37 °C and in times of 0, 6, 12
and 24 h, a sample was seemed in plate with MYPG agar. The plate
was maintained at 37 °C for 48 h and the colonies were counted. A
tube with only MHBT was considered Negative Control and the Pos-
itive Control was considered a tube with MHBT and microorganism.
The assay was performed with 3 replicates.

2.6. Spore suspension

The Paenibacillus larvae (ATCC 9545) was incubated on Mueller
Hinton agar with Thiamine (MHAT) at 37 °C for 1 week. The vegeta

tive cells with endospores were suspended in cold deionized water
and then sonicated for 10 min to destroy vegetative cells. Spores were
collected by centrifugation (2000 × g for 15 min) with Histopaque®

and subsequently washed by repeated centrifugation and suspension in
sterile distilled water at 4 °C. After two washes, each spore pellet was
suspended in sterile 0.85% NaCl solution. The condition of the spores
was examined using malachite green stain [11]. The spore suspension
was stored at −70 °C.

2.7. Sporicidal activity

The sporicidal activity was measured by colony counting on plate
with MHAT. Were added 100 μl of spore suspension in 100 μl of
GML or GML Nanocapsules. Only spore suspension was considered
positive control. The tubes were incubated in shaker by 4 h. After in-
cubation an aliquot of the tubes was seeded on MHAT and incubated
for 24 h at 37 °C and them, the colonies were counted.

2.8. Toxicity assay in bees

The toxicity of GML and GML Nanocapsules was verified against
adult honey bees (Apis mellifera). The test was performed by pul-
verization described previously [12] adapted by Santos et al. [13].
The assay was developed with seven groups in triplicate, each group
with six bees. It were evaluated 1× and 2× MIC of GML and GML
Nanocapsules. Saline was considered Positive Control and the insec-
ticide Deltametrin ® (DTT) was used such negative control. The sam-
ples were pulverized during 5 days, once a day, and the number of
bees was evaluated all days during the experiment.

2.9. Statistical analysis

For the toxicity assay, differences in survival after 120 h of obser-
vation were assessed by Two-Way analysis of variance (ANOVA) fol-
lowed by Bonferroni's test. A p-value < 0.05 and < 0.001 was consid-
ered statistically significant. Two-Way analysis of variance (ANOVA)
followed by Bonferroni's test was used to determine the significant
differences between treatment groups in the cell viability assay of P.
larvae. These tests were chosen were selected because the existence of
more than one interferer, in this case, besides the treatment time also
influences. The statistical analyzes were performed with the software
package GraphPad Prism 5.00 for windows (GraphPad Software, San
Diego, CA, USA).

3. Results

3.1. GML nanocapsules

The physicochemical characterization of the nanocapsules showed
mean diameter of 209.3 ± 1.5, polydispersion index of 0.044 ± 0.02,
zeta potential of - 23.2 ± 3 and pH values of 6.19 ± 0.21. The results
demonstrated acceptable values to predict de stable system showing
the success on development of nanocapsules.

3.2. Determination of minimal inhibitory and bactericidal
concentration

Using the macro dilution method, it can be seen the effect of
GML and GML nanocapsules (Table 1). The MICs ranged from 7.8
to 62.8 μg/mL (GML) and 35.7–142.8 μg/mL (GML Nanocapsules).
The MBCs ranged from 35.7 to 142.8 μg/mL (GML) and
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Table 1
The MICs and MBCs values of GML and GML nanocapsules against different Paeni-
bacillus species. The dada are showed in μg/ml.

Microorganisms MIC (μg/ml) MBC (μg/ml)

GML GML nanocapsules GML GML nanocapsules

P. larvae (ATCC 9545) 62.2 142.8 142.8 285.7
P. larvae (Cobo) 62.2 142.8 142.8 285.7
P. larvae (Miramar) 62.2 142.8 142.8 285.7
P. larvae (Chapadmalal) 62.2 142.8 142.8 285.7
P. borealis 31.2 71.4 71.4 142.8
P. gluconolyticus 31.2 71.4 71.4 142.8
P. alginolyticus 7.8 35.7 35.7 71.4
P. pabuli 31.0 71.4 71.4 142.8
P. thiaminolyticus 31.2 71.4 71.4 142.8
P. azotofixans 7.8 35.7 35.7 71.4

71.4–285.7 μg/mL (GML Nanocapsules). The result can be visualized
in Table 1.

3.3. Time-kill curves

The concentration used in this test was taken by MBC. After in-
cubation the colonies were counted and the results (Fig. 1). While the
GML killed the microorganism after hours, to the GML Nanocapsules,
the total elimination of microorganism was verified in 24 h. This re-
sult demonstrates the controlled release of GML from nanocapsules.

3.4. Sporicidal activity

The result (Fig. 2) showed an efficacy action of GML nanocap-
sules comparing the positive control with statistically significance for
p < 0.001. The GML don't showed significant effect against Paeni-
bacillus larvae spores. The use of GML becomes impracticable if only
kill the microorganism on bacillus form.

3.5. Toxicity assay

The toxicity assay in adult honey bees was addressed to verify the
toxic effects of GML and GML nanocapsules. The results (Fig. 3)
showed that GML cause an important toxic effect on bees comparing
with Positive Control (p < 0.001) invalidating the use. On the other
hand, the GML Nanocapsules showed a significant decrease on toxic
effects comparing with Positive Control (p < 0.05) and it can be used
to combat the AFB.

4. Discussion

The GML is a compound with antimicrobial activity showed
against many microbes such Staphylococcus aureus, Streptococcus
species [14,15], inhibited the virulence factors such such as β-lac-
tamase, α-hemolysin, and toxic shock syndrome toxin-1 [16,17]. A
study performed by Ref. [18] showed the ability to inhibit the develop-
ment of detectable S. aureus and Enterococcus faecalis biofilm. How-
ever, physical properties of GML such high melting point and poor
solubility in water lead to difficulties in its use as an antimicrobial
[19].

Different approaches have been tried to improve the solubility of
GML, for possible cosmetic and food application, and to increase
its antimicrobial activity [20,21]. Studies have been demonstrated the
enhanced solubility such as oral administration using microemulsion
system [22,23]. In our study we used a nanoformulation with GML.

Fig. 1. Time-kill curve of GML and GML Nanocapsules against (A) P. larvae (ATCC
9545), (B) P. larvae (Chapadmalal), (C) P. larvae (Miramar). Data showed on Aver-
age ± Standard Deviation. Analysis of variance (ANOVA) followed by Bonferroni's
test considering statistically significant to p < 0.01 (**) and p < 0.001 (***). The study
was performed in triplicate.

After the antimicrobial tests, was possible observe that the GML in
free form eliminated the microbial population in 6 h, while the GML
Nanocapsules took 24 h for the total elimination of microorganism.
The positive control (containing only microorganism) did not present
fall in the number of colonies forming units (CFU) while the negative
control presented no microbial growth. The assay against Argentinean
isolates showed that the GML eliminated the microbial population in
12 h and the GML nanocapsules in 24 h, except the strain from Mira-
mar region. The experiment showed the controlled release of the com-
pound, characteristic of nanostructured system [24,25]. It is important
to note that this is the first study that shows the antimicrobial activity
of nanoparticles with GML.
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Fig. 2. Sporicidal activity of GML and GML nanocapsules against Paenibacillus larvae
spores. Data showed on Average ± Standard Deviation. Analysis of variance (ANOVA)
has been applied followed by Tukey's test considering values p < 0.001 statistically sig-
nificant (***). The study was performed in triplicate.

In the microdilution assay the results is according to previous stud-
ies with nanoparticles against Paenibacillus species. Studies with es-
sential oils such Copaifera Officinalis and Carapa guaianensis show
the potent antimicrobial activity against Paenibacillus species. A
study performed with Andiroba and Copaiba oil nanostructured
showed antimicrobial activity against many Paenibacillus species.
The nanostructuration of Melaleuca alternifolia showed an increase
antimicrobial activity gainst AFB agent. The use of Paenibacillus than
Paenibacillus larvae help us such screening test [13,26,27].

The spores may show resistant to heat and various chemicals also
stay dormancy for many periods of time [28]. The present study
showed the sporicidal potential of GML nanocapsules against Paeni-
bacillus larvae spores. Previous In previous studies, microparticles
killed Bacillus subtilis spores [29].

The toxicity assay demonstrated a high toxic effect of GML for
the A. mellifera. Both concentrations used in the experiment decreased
the number of survivor bees to 55%. However the formulation with
nanocapsules of GML decreases the toxic effect, showing 95% of
survivor bees. The obtained result shows the advantage in using a
nanostructured system, in which the release is controlled and grad-
ual. The controlled release of nanoparticles [30] can be the reason of
nonexistence of toxic effects on bees. Studies corroborated the present
work [26,27]. Both studies show the beneficial effects of nanoparticles
in the toxicity on bees. In the first study, Melaleuca alternifolia oil
caused 85% of bee mortality while the nanoencapsulated oil showed
0% of mortality. In the second study, the Andiroba oil showed a high

Fig. 3. Toxicity assay of GML and GML nanocapsules in Apis mellifera. The (A) GML test and (B) GML nanocapsules. Data showed on Average ± Standard Deviation. Was used
analysis of variance (ANOVA) Two-Way followed by Bonferroni's test, considering values p < 0.05 (*) and p < 0.0001 (***) statistically significant. The study was performed in
triplicate.
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toxic effect while the nanostructured oil decreased significantly the
toxic effect. A reason for this reduction in toxicity is the controlled re-
lease characteristics of nanoparticle, leading to increased time of ac-
tion and a decreased concentration of the compound on the action site.

A study performed on soil with Zinc Oxide Nanoparticles does not
cause effect on springtails at high concentrations [31]. A study per-
formed by Sarma et al. [32] demonstrate that the toxicity, fate, and sta-
bility of silver nanoparticles in any medium is highly dependent on the
type of surface-coated organic. Hydrophilic and hydrophobic mono-
layers-modified gold nanoparticles were studied for their uptake, dis-
tribution, and toxicity in media fish. It was found that hydrophilic par-
ticles were present in intestines of fish but no obvious health effects
were observed [33]. There are fewer studies on ecotoxicology of or-
ganic nanoparticles than inorganic nanoparticles. With the great devel-
opment of organic nanoparticles, the environment safety must be ad-
dressed urgently.

5. Conclusions

In conclusion, this study demonstrated for the first time the high
antimicrobial potential of GML and GML nanocapsules against P. lar-
vae species. Furthermore, the GML showed an important toxic effect.
To exceed this effect, an alternative was nanostructured GML. The
toxic effect caused by GML decreased significantly, increasing the
bee survivor. Therefore, the formulation containing GML nanocap-
sules can be an alternative for the treatment or prevention of AFB
without honey bee losses.

Ethical statement

This article does not contain any studies with animals that need ap-
proval of the ethics committee performed by any of the authors.

Acknowledgements

This work received financial support of CNPq (Conselho Nacional
de Desenvolvimento Científico e Tecnológico), CAPES (Coordenação
de Aperfeiçoamento de Pessoal de Nível Superior) and FAPERGS
(Fundação de Amparo a Pesquisa do Rio Grande do Sul).

References

[1] E. Genersch, Honey bee pathology: current threats to honey bees and beekeep-
ing, Appl. Microbiol. Biotechnol. 87 (2010) 87–97, http://dx.doi.org/10.1007/
s00253-010-2573-8.

[2] E. Genersch, A. Ashiralieva, I. Fries, Strain- and genotype-specific differences
in virulence of Paenibacillus larvae subsp. larvae, a bacterial pathogen causing
American foulbrood disease in honeybees, Appl. Environ. Microbiol. 71 (2005)
7551–7555, http://dx.doi.org/10.1128/AEM.71.11.7551-7555.2005.

[3] E. Genersch, American Foulbrood in honeybees and its causative agent, Paeni-
bacillus larvae, J. Invertebr. Pathol. 103 (2010) http://dx.doi.org/10.1016/j.jip.
2009.06.015.

[4] E. Genersch, E. Forsgren, J. Pentikäinen, A. Ashiralieva, S. Rauch, J. Kilwinski,
et al., Reclassification of Paenibacillus larvae subsp. pulvifaciens and Paeni-
bacillus larvae subsp. larvae as Paenibacillus larvae without subspecies differ-
entiation, Int. J. Syst. Evol. Microbiol. 56 (2006) 501–511, http://dx.doi.org/10.
1099/ijs.0.63928-0.

[5] S.M. Vetter, P.M. Schlievert, Glycerol monolaurate inhibits virulence factor
production in Bacillus anthracis, Antimicrob. Agents Chemother. 49 (2005)
1302–1305. http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&
db=PubMed&dopt=Citation&list_uids=15793101.

[6] K.L. Strandberg, M.L. Peterson, Y.C. Lin, M.C. Pack, D.J. Chase, P.M.
Schlievert, Glycerol monolaurate inhibits Candida and Gardnerella vaginalis in
vitro and in vivo but not Lactobacillus, Antimicrob. Agents
Chemother. 54 (2010) 597–601, http://dx.doi.org/10.1128/AAC.01151-09.

[7] R.K. Bhawana, H.S. Basniwal, V.K. Buttar, N. Jain, Jain, Curcumin nanoparti-
cles: preparation, characterization, and antimicrobial study, J. Agric. Food
Chem. 59 (2011) 2056–2061, http://dx.doi.org/10.1021/jf104402t.

[8] H. Fessi, F. Puisieux, J.P. Devissaguet, N. Ammoury, S. Benita, Nanocapsule
formation by interfacial polymer deposition following solvent displacement, Int.
J. Pharm. 55 (1989) R1–R4, http://dx.doi.org/10.1016/0378-5173(89)90281-0.

[9] D.W. Dingman, D.P. Stahly, Medium promoting sporulation of Bacillus larvae
and metabolism of medium components, Appl. Environ. Microbiol. 46 (1983)
860–869.

[10] L.B. Gende, M.J. Eguaras, R. Fritz, Evaluation of culture media for Paenibacil-
lus larvae applied to studies of antimicrobial activity, Rev. Argent. Micro-
biol. 40 (2008) 147–150.

[11] M.P. Alexander, A versatile stain for pollen fungi, yeast and bacteria, Stain
Technol. 55 (1980) 13–18, http://dx.doi.org/10.3109/10520298009067890.

[12] N. Damiani, L.B. Gende, P. Bailac, J.A. Marcangeli, M.J. Eguaras, Acaricidal
and insecticidal activity of essential oils on Varroa destructor (Acari: varroidae)
and Apis mellifera (Hymenoptera: apidae), Parasitol. Res. 106 (2009) 145–152,
http://dx.doi.org/10.1007/s00436-009-1639-y.

[13] R.C.V. Santos, C.F. dos S. Alves, T. Schneider, L.Q.S. Lopes, C. Aurich, J.L.
Giongo, et al., Antimicrobial activity of Amazonian oils against Paenibacillus
species, J. Invertebr. Pathol. 109 (2012) 265–268, http://dx.doi.org/10.1016/j.
jip.2011.12.002.

[14] P.M. Schlievert, M.L. Peterson, Glycerol monolaurate antibacterial activity in
broth and biofilm cultures, PLoS One 7 (2012) http://dx.doi.org/10.1371/
journal.pone.0040350.

[15] H.G. Preuss, B. Echard, M. Enig, I. Brook, T.B. Elliott, Minimum inhibitory
concentrations of herbal essential oils and monolaurin for gram-positive and
gram-negative bacteria, Mol. Cell. Biochem. 272 (2005) 29–34, http://dx.doi.
org/10.1007/s11010-005-6604-1.

[16] S.J. Projan, S. Brown-Skrobot, P.M. Schlievert, F. Vandenesch, R.P. Novick,
Glycerol monolaurate inhibits the production of β-lactamase, toxic shock syn-
drome toxin-1, and other staphylococcal exoproteins by interfering with signal
transduction, J. Bacteriol. 176 (1994) 4204–4209.

[17] A. Ruzin, R.P. Novick, Glycerol monolaurate inhibits induction of vancomycin
resistance in Enterococcus faecalis, J. Bacteriol. 180 (1998) 182–185. http://
www.pubmedcentral.nih.gov/articlerender.fcgi?artid=106868&
tool=pmcentrez&rendertype=abstract.

[18] D.J. Hess, M.J. Henry-Stanley, C.L. Wells, The natural surfactant glycerol
monolaurate significantly reduces development of Staphylococcus aureus and
Enterococcus faecalis biofilms, Surg. Infect. (Larchmt) 16 (2015) 538–542,
http://dx.doi.org/10.1089/sur.2014.162.

[19] X. Fu, F. Feng, B. Huang, Physicochemical characterization and evaluation of a
microemulsion system for antimicrobial activity of glycerol monolaurate, Int. J.
Pharm. 321 (2006) 171–175, http://dx.doi.org/10.1016/j.ijpharm.2006.05.019.

[20] J.J. Kabara, D.M. Swieczkowski, A.J. Conley, J.P. Truant, Fatty acids and de-
rivatives as antimicrobial agents, Antimicrob. Agents Chemother. 2 (1972)
23–28, http://dx.doi.org/10.1128/AAC.2.1.23.

[21] J.J. Kabara, R. Vrable, Antimicrobial lipids: natural and synthetic fatty acids
and monoglycerides, Lipids 12 (1977) 753–759, http://dx.doi.org/10.1007/
BF02570908.

[22] W.A. Ritschel, Microemulsion technology in the reformulation of cyclosporine:
the reason behind the pharmacokinetic properties of Neoral, Clin.
Transpl. 10 (1996) 364–373.

[23] J.M. Sarciaux, L. Acar, P.A. Sado, Using microemulsion formulations for oral
drug delivery of therapeutic peptides, Int. J. Pharm. 120 (1995) 127–136, http://
dx.doi.org/10.1016/0378-5173(94)00386-J.

[24] L.H. Reddy, R.S. Murthy, Pharmacokinetics and biodistribution studies of Dox-
orubicin loaded poly(butyl cyanoacrylate) nanoparticles synthesized by two dif-
ferent techniques, Biomed. Pap. Med. Fac. Univ. Palack??, Olomouc,
Czechoslov 148 (2004) 161–166, http://dx.doi.org/10.5507/bp.2004.029.

[25] L.M. Kaminskas, V.M. McLeod, B.D. Kelly, G. Sberna, B.J. Boyd, M.
Williamson, et al., A comparison of changes to doxorubicin pharmacokinetics,
antitumor activity, and toxicity mediated by PEGylated dendrimer and PEGy-
lated liposome drug delivery systems, Nanomedicine Nanotechnology, Biol.
Med. 8 (2012) 103–111, http://dx.doi.org/10.1016/j.nano.2011.05.013.

[26] R.C.V. Santos, L.Q.S. Lopes, C.F. dos S. Alves, V.P. Fausto, K. Pizzutti, V.
Barboza, et al., Antimicrobial activity of tea tree oil nanoparticles against
American and European foulbrood diseases agents, J. Asia. Pac. Ento-
mol. 17 (2014) 343–347, http://dx.doi.org/10.1016/j.aspen.2014.02.003.

[27] R. de Almeida Vaucher, J.L. Giongo, L.P. Bolzan, M.S. Côrrea, V.P. Fausto,
C.F.D.S. Alves, et al., Antimicrobial activity of nanostructured Amazonian oils
against Paenibacillus species and their toxicity on larvae and



UN
CO

RR
EC

TE
D

PR
OO

F

6 Microbial Pathogenesis xxx (2016) xxx-xxx

adult worker bees, J. Asia. Pac. Entomol. 18 (2015) 205–210, http://dx.doi.org/
10.1016/j.aspen.2015.01.004.

[28] R. Kuwana, D. Imamura, H. Takamatsu, K. Watabe, Discrimination of the
bacillus cereus group members by pattern analysis of random amplified poly-
morphic DNA-PCR, Biocontrol Sci. 17 (2012) 83–86, http://dx.doi.org/10.
4265/bio.17.83.

[29] J. Sawai, H. Miyoshi, H. Kojima, Sporicidal kinetics of Bacillus subtilis spores
by heated scallop shell powder, J. Food Prot. 8 (2003) 1343–1527.

[30] J. Weiss, S. Gaysinsky, M. Davidson, J. McClements, Nanostructured encapsu-
lation systems: food antimicrobials, Glob. Issues Food Sci. Technol. (2009)
425–479, http://dx.doi.org/10.1016/B978-0-12-374124-0.00024-7.

[31] P.L. Waalewijn-Kool, S. Rupp, S. Lofts, C. Svendsen, C.A.M. van Gestel, Ef-
fect of soil organic matter content and pH on the toxicity of ZnO nanoparticles
to Folsomia candida, Ecotoxicol. Environ. Saf. 108 (2014) 9–15, http://dx.doi.
org/10.1016/j.ecoenv.2014.06.031.

[32] S.J. Sarma, I. Bhattacharya, S.K. Brar, R.D. Tyagi, R.Y. Surampalli, Carbon
nanotube- bioaccumulation and recent advances in environmental monitoring,
Crit. Rev. Environ. Sci. Technol. (2014) http://dx.doi.org/10.1080/10643389.
2014.924177. 00–00.

[33] Z.J. Zhu, R. Carboni, M.J. Quercio, B. Yan, O.R. Miranda, D.L. Anderton,
et al., Surface properties dictate uptake, distribution, excretion, and toxicity of
nanoparticles in fish, Small 6 (2010) 2261–2265, http://dx.doi.org/10.1002/smll.
201000989.


