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hydroalcoholic extract was moreover added as supplementary diet to bees in field conditions to test
behavioural effects and colony strength. Both laurel extracts were subjected to different phytochemical
analysis to identify their bioactive compounds. Antimicrobial activity was analyzed by the minimal inhi-
bitory concentration (MIC) determination by means the agar dilution method. The hydroalcoholic extract
(HE) was able to inhibit the bacterial growth of all P. larvae strains, with 580 ug/mL mean value. This bet-
ter antibacterial activity in relation to the essential oil (EO) could be explained by the presence of some
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Apis mellifera phenolic compounds, such as flavonoids, evidenced by characteristic bands resulting from the Fourier
Colony strength Transform Infrared Spectroscopy (FTIR) analysis. Antioxidant activities of the extracts were evaluated
Antimicrobial activity by 2,2-diphenyl-1-picrylhydrazyl (DPPH) free radical-scavenging ability and ferric reducing antioxidant
Antioxidant capacity power (FRAP) assays. The HE showed the highest antioxidant activity as measured by DPPH, with IC50
Hygienic behavior values of 257 + 12 pg/mL. The FRAP assay method showed that the HE was 3-fold more effective reducing

agent than the EO. When the bee colonies were supplied with laurel HE in sugar paste an improvement in
their general condition was noticed, although neither the hygienic behavior nor the proportions of the
breeding cells varied statistically due to the treatment. In conclusion, the inhibition power against P. lar-
vae attributable to the phenolic compounds, the antioxidant capacity of the HE, and the non-lethal effects
on adult honey bees on field trials suggest the HE of laurel as a promising substance for control American
foulbrood disease.
© 2018 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Apis mellifera colonies are threatened by numerous pathogens,
including viruses, fungi, bacteria, and protozoa. One of the most

* Corresponding author at: Facultad de Ciencias Exactas y Naturales, Universidad contagious and destructive diseases is American foulbrood (AFB),
Nacional de Mar del Plata, Funes 3350 (7600) Mar del Plata, Buenos Aires, Argentina. caused by the Gram-positive, spore-forming bacterium Paenibacil-
E-mail address: njfernan@mdp.edu.ar (NJ. Fernandez). lus larvae (Genersch et al., 2006). The AFB affects the larval stage of

Peer review under responsibility of King Saud University. the honey bees. Because of the resilience and long life of the patho-

gen spores (Lindstrom, 2008) is difficult to prevent. The burn of the
affected combs is used in most of the European Community coun-
tries as an extreme alternative to control this pest. However, a
common strategy employed in some other countries is the use of
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antibiotics (Alippi, 1996). Oxytetracycline hydrochloride has been
used for decades to prevent and treat AFB. Nevertheless, tetracy-
cline resistant strains have been identified in USA, Canada, and
Argentina (Alippi, 1996; Miyagi et al, 2000; Evans, 2003;
Reynaldi et al., 2008). Moreover, its residues can persist in honey
affecting its quality for human consumption, reducing the honey
bee lifespan, and increasing the risk of emergence of new resistant
strains (Thompson et al., 2005; Johnson and Jadon, 2010). Thus, the
development of new strategies to treat the AFB infected colonies
become necessary.

Some natural alternatives including essential oils (Gende et al.,
2008; 2009; Ansari et al., 2016), plant extracts (Flesar et al., 2010;
Gonzalez and Marioli, 2010; Damiani et al., 2014), propolis extracts
(Bastos et al., 2008) and bee venom (Fernandez et al., 2014) as well
as their purified individual components (Gende et al., 2008; 2014;
Bilikova et al., 2013) have proved to inhibit the P. larvae growth.
Most of them only have been in vitro tested. Much of components
of a plant extract, such as flavonoids, are known to have also a high
antioxidant capacity (Skerget et al., 2005; Kaurinovic et al., 2010).
Farjan et al. (2012) showed favorable responses as higher contents
of protein and enzymes and less loss of bees during the winter.in
honey bees fed supplemented with antioxidants. Johnson et al.
(2013) reported an increased bee mortality associated with an
oxidative stress increment resulting of interactions between fungi-
cides and acaricides. This phenomenon would occur by the produc-
tion of reactive oxygen species (ROS) that lead to damage of
molecules by lipid peroxidation (Hsieh and Hsu, 2013).

Bay laurel (Laurus nobilis L., Lauraceae) is an aromatic herb used
extensively to add a distinctive aroma and flavor to food. Their
leaves can be used as a spice, to treat a variety of complaints, neu-
ralgia, and intestinal cramps and for its beneficial effect upon the
digestive system (Chaudhry and Tariq, 2006). Its antimicrobial
activity against both gram-positive and gram-negative bacterial
species has been also demonstrated (EI Malti and Amarouch,
2009). From the laurel leaves can be obtained a complex mixture
of phytochemicals according to the extraction process that was
used. The essential oil is the hydrophobic and volatile fraction
recovered by distillation and their chemical composition com-
monly included mono- and sesquiterpenes (Di Leo Lira et al,
2009; Ortiz et al., 2009); while by alcoholic or hydroalcoholic
extraction, polar compounds such as flavonoids, saponins, alka-
loids, and polyphenols are usually obtained (Skerget et al., 2005).

Thereby, in the framework of an integrated pest management,
the aim of this work was to compare the antimicrobial activity
against P. larvae and the antioxidant capacity of two extracts from
L. nobilis obtained by different extraction methods. Moreover, L.
nobilis hydroalcoholic extract was added as supplementary diet
to bees in field conditions to test behavioral effects and colony
strength.

2. Materials and methods
2.1. Plant material and extracts of Laurus nobilis

Laurel leaves were collected in Henderson (36°10’S; 61°200'W),
Buenos Aires province, Argentina. The plant material was identified
by J. Ringuelet, and a voucher sample was deposited in the collec-
tion of the Herbarium of the National University of La Plata (collec-
tion name: Argentina, Buenos Aires province, Henderson, 2007,
Ringuelet s.n., LPAG) (Di Leo Lira et al. 2009). The essential oil
(EO) was obtained by steam distillation of dried leaves and was
provided by Esencias Nuestras, Planned Industrial Zone of Hender-
son, Buenos Aires province, Argentina (E. Tkacik Company).

The hydroalcoholic extract (HE) was obtained mixing 100 g of
laurel leaves (dried at 20-27 °C and 20% RH) with 500 ml of 80%

(v/v) ethanol (extraction fluid). The mixture was kept for 5 days
in tightly sealed vessels at room temperature, protected from sun-
light, and shaken several times daily. This blend was vacuum fil-
tered and further extractions of the leaf residues were repeated
until a clear supernatant was obtained. The extracted liquid was
subjected to evaporation in a stove (40 °C) to remove the ethanol
until getting a semisolid extract (Porrini et al., 2011). Both extracts
were stored in screw-capped dark glass vials at 4 °C until further
testing.

2.2. Spectroscopic characterization

2.2.1. Fourier transform infrared spectroscopy (FTIR)

FTIR spectra were obtained in transmission mode using a Nico-
let 6700 spectrophotometer (Thermo Scientific), in the mid infra-
red region from 4000 to 600 cm~!, with a resolution of 4 cm™!
and 32 scans. The EO was analyzed as a thin film between two NaCl
windows while the HE was ground with KBr powder and pressed
into transparent disks.

2.2.2. UV-visible spectroscopy

The EO and HE were subjected to ultraviolet-visible (UV-Vis)
spectroscopy at a concentration of 200 pg/mL in ethanol, using a
Shimadzu UV-2101PC scanning spectrophotometer.

2.3. Total phenolic content

2.3.1. Essential oil
For the essential oil it was considered the phenol content previ-
ously reported by chromatographic analysis by Di Leo Lira (2009).

2.3.2. Hydroalcoholic extract

The amount of total phenolics was determined by the procedure
of Folin-Ciocalteu described by Amerine and Ough (1980). The HE
suspended in 0.5 mL 96% (v/v) ethanol was mixed with 30 mL of
water and 2.5 mL of Folin-Ciocalteu’s reagent (Merck 9001, Darm-
stadt, Germany). After 30s, 7.5 mL of 20% w/v sodium carbonate
solution were added and the solution was mixed and diluted with
water to a final volume of 50 mL. After 2 h in the dark at 20 °C, the
absorbance of the samples was measured at 765 nm using a Shi-
madzu UV-1200 spectrophotometer (Shimadzu, Kyoto, Japan).
The phenolic content was expressed in mg of gallic acid (GA) per
gram of sample. The standard curve (50-750 mg L~!) was based
on analytical grade GA (Sigma-Aldrich, Steinheim, Germany).

2.4. Antioxidant capacity

2.4.1. DPPH radical scavenging activity

Radical scavenging activity was determined according to the
method of Yen and Hsieh (1995) with slight modifications. Four
hundred pL of each EO or HE solution in methanol (0-4000 pg/
mL) were mixed with 2 mL of 0.06 mM solution of DPPH in metha-
nol. Mixtures were vigorously shaken and then, were allowed to
stand for 30 min at room temperature in the dark. The reduction
of DPPH radical was measured at 517 nm using an UV-Visible
spectrophotometer (Agilent 8453, China). DPPH radical scavenging
activity (RSA) was calculated as follows:

DPPH Radical — scavenging activity(%)
= [1 — (Asi7sample/Asq7control)] x 100

Where As;7; sample and As;; control are the sample and control
absorbance, respectively. For control, ethanol was used instead
of the sample. A lower absorbance of the reaction mixture indicate
a higher DPPH radical-scavenging activity. To analyze the
capability to capture free radicals, the IC50 was estimated as the
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concentration of antioxidant required to decrease the initial DPPH
concentration at half. All tests were performed in triplicate.

2.4.2. Ferric reducing antioxidant power (FRAP) assay

Antioxidant activity of the extracts was determined by the
method described by Oyaizu (1986). The EO and HE were dissolved
in methanol (0-4000 pg/mL). One mL of each solution was mixed
with 2.5 mL of phosphate buffer (0.2 mol/L, pH 6.6) and 2.5 mL of
potassium hexacyanoferrate III (K3Fe (CN)g, 1% w/v). Each mixture
was incubated at 50 °C for 20 min. Afterwards, 2.5 mL of 10% (w/v)
trichloroacetic acid solution was added, and then, centrifuged at
5000 rpm for 10 min (Sartorius type 4-15, Germany). An aliquot
of 2.5 mL of the upper layer was mixed with 2.5 mL of deionized
water and 0.5 mL of 0.1% (w/v) FeCl; solution, and the absorbance
was measured at 700 nm in a UV-visible spectrophotometer (Agi-
lent 8453, China). Increased absorbance of the reaction mixture
indicates increased of the reducing power. Ascorbic acid (AA)
was used as positive control and the final results were expressed
as pg/mL of AA equivalents (AAE). All tests were performed in
triplicate.

2.4.3. Data values obtained from both experiments were statistically
analyzed by one-way analysis of variance (ANOVA)

Differences between pairs of means were assessed on the basis
of confidence intervals using the Tukey test. The level of signifi-
cance was p <0.05.

2.5. Antimicrobial activity

2.5.1. Microorganisms and culture media

Bacterial strains of P. larvae were isolated from brood combs of
beehives with AFB clinical symptoms corresponding to five locali-
ties in Argentina (Mechongué, La Plata, Vidal, Estafeta, Sierra de los
Padres). Isolations were achieved on Mueller-Hinton broth, yeast
extract, glucose, and sodium pyruvate (MYPGP) (Digman and
Stahly, 1983) agar supplemented with 9 pg/mL of nalidixic acid
to inhibit Paenibacillus alvei growth, and incubated under
microaerobic conditions (5-10% of CO,). All strains were genotyp-
ically identified using PL2-Fw and PL2-Rv primers (Martinez et al.,
2010), and characterized like ERIC I with ERIC1R and ERIC2 primers
(Versalovic et al., 1994). Pure strains were maintained on MYPGP
agar with 15% (v/v) glycerol until used. Two references strains
were used from OIE Reference Laboratories for American foulbrood
acquired in UB-CIDEFL

2.5.2. Determination of minimal inhibitory concentration by agar
dilution method

Vegetative cells of P. larvae previously cultivated on MYPGP
agar for 48 h at 35-37 °C were suspended in double distilled sterile
water. The suspension was standardized according to FDA method
(1998) and adjusted to 0.5 McFarland scale.

An aliquot of the EO or the HE, v/v or w/v, respectively, in 8% v/v
propylene glycol (as an emulsifier) was mixed in MYPGP agar into
Petri dishes until to achieve dilutions from 1000 to 125 ug/mL of
each antimicrobial agent in the culture medium. As control, 8% v/
v propylene glycol was mixed in MYPGP agar into Petri dishes.
Then, 100 uL of the microbial suspension was added and spread
on the surface of each plate. Incubation was at 35-37 °C for 48 h.
Antimicrobial activity was tested in triplicate for each antimicro-
bial agent and strain. The lowest concentration of the antimicrobial
substance that showed inhibition was considered as the minimal
inhibitory concentration (MIC) (Lennette et al., 1987).

2.6. Apiary trial

The laurel HE effects were evaluated in field trials on A. mellifera
colonies. These experiments were carried out from April to July
2013 in an experimental apiary from the Centro de Investigacion
en Abejas Sociales at the Universidad Nacional de Mar del Plata
(Buenos Aires, Argentina) placed on route 11 km 32 (38°10'06"S,
57°38'10"W).

Twelve small healthy colonies (22 x 14 x 25 cm) of homoge-
neous bee population were selected. Each colony consists of four
brood combs (18 x 10 cm) plus one feeder. It was not allowed that
the brood/food (nectar and pollen) ratio exceed the 4:1 proportion.
Thus, a colony had approximately 1000 brood cells with mixed
development breeding, and 2000 worker bees (OECD, 2007). To
minimize the genetic variability, young sister queens from the
same progeny mated in the same place were used. Two groups
with six mini-hives each one were randomly established. The first
group received weekly one oral treatment with candy paste (10 g
paste of glucose + sucrose) plus laurel HE at a concentration of
2000 pg/mL for three weeks. This concentration was selected
according to previous data obtained in Gende et al., (2009) and
Porrini et al., (2011). The second group received only 10 g sugar
paste once a week for three weeks as controls. Thus, the total assay
comprised a complete development cycle of workers.

2.6.1. Colony strength estimation

The colony strength was weekly assessed during all the trial. On
both treatment groups were recorded: adult bee population (Liebe-
feld estimation method), egg laying quality, and ratio between
areas with food (pollen and honey), and with uncapped and capped
brood cells. These ratio assessments were performed by estimating
4 sub-areas for all combs (both sides) into each hive (Burgett and
Burikam, 1985).

2.6.2. Hygienic behavior

Once a week, a 2 x 2 cm area on the central comb was marked
from each colony. This fragment contained about 10 + 2 capped
brood cells. Each cell from this area was centrally pierced using a
needle until killing the inside pupa, and then the comb was
returned to their original place. After 24 h, the number of pierced
cells that were Opened and Cleaned (OC), Opened but Not Cleaned
(ONC), and Not Opened (NO) was counted.

2.6.3. Statistical analysis

Generalized linear mixed models (GLMMs) were used in order
to include “hives” as a random effect. These models have a negative
binomial distribution. Model selection and parameter estimation
were performed using the Akaike information criterion for small
samples (AICc) (Crawley, 2005; Symonds and Moussalli, 2011).
To quantify the plausibility of each model with the data and the
set of models, the AICc was calculated. Thus, the models that best
describe the data are those with a lower AICc. Since the treatments
were evaluated in different hives, this variable was added as ran-
dom. These statistical analyses were performed with R software
(R Development Core Team, 2012).

3. Results and discussion
3.1. Plant material and extracts of Laurus nobilis
The yield of the EO (green colored) obtained by steam distilla-

tion was 0.9 £ 0.5% v/w while the HE (dark semisolid) was 20%
wW/w.
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3.2. Spectroscopic characterization

The infrared spectroscopy allowed identifying signals that could
be assigned to the main constituents of the EO and HE (Fig. 1), as
they have functional groups that absorb IR light at characteristic
frequencies. The EO spectrum showed a broad band with a maxi-
mum at 3463 cm~!, characteristic of OH stretching from linalool
and terpineol; a sharp and intense peak at 1724 cm™! assigned to
carbonyl stretching from terpinyl acetate; and a smaller one but
broad at 1639 cm™! related to C=C stretching from terpene com-
pounds such as B-caryophyllene, linalool, o- and B-pinene, sabi-
nene, and myrcene (Schulz and Baranska, 2007). Bands observed
at 1600, 1515 and 1465 cm™! can be associated to the aromatic
ring from methyl eugenol (Wang and Sung, 2011). Peaks at 1375,
1214 and 1079 cm~! evidenced the presence of 1,8-cineol,
assigned to methyl bending and C—O—C asymmetric and symmet-
ric stretching of this compound (Baranska et al., 2005). In sum-
mary, the infrared spectroscopy results suggest that the main
constituents of the laurel EO, already reported by Di Leo Lira
et al., (2009) may be present.

On the other hand, from the IR analysis it can be inferred that
the HE contains sesquiterpene lactones, flavonoids, and, possibly,
saponins (Fig. 1). A broad band with a maximum at 1724 cm™’,
can be assigned to carbonyl stretching in sesquiterpene lactones
(Dall’Acqua et al., 2006; Julianti et al., 2012) but also in saponins,
and the peak at 1615 cm ™! with a shoulder at 1646 cm ™', together
with another one at 1515 cm™! suggest the presence of flavonoids
(Heneczkowski et al., 2001). An peak intensity at 3387 cm™! due to
OH stretching and additional bands in the 1070-1030 cm™! region,
associated to C—OH and C—O0—C linkages in oligosaccharides
(Kareru et al., 2008) let us infer that this extract also contains
saponins.

The UV spectroscopy detects chromophore groups responsible
for absorbing the UV light. The UV absorption curves of both
extracts were different. The EO showed a peak with a maximum
at 270 nm while the UV-Vis spectra from the HE included two
absorbance peaks in the 316-349 nm range (Fig. 2). Peaks observed
for the HE could be assigned to flavones and flavonols (Martinez,
2005) while the absorption peak for the EO could be due to its main
compound, the 1,8-cineol. Thus, as it was expected, the spectro-
scopic analysis confirmed that the EO is rich in terpenoids while
the HE contains more polar compounds as flavonoids, sesquiter-
pene lactones, and saponins.

saponins
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saponins and C-OH +C-0-C
sesquiterpene
lactones flavonoids /\
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Fig. 1. Infrared spectra of: (a) the essential oil and (b) the hydroalcoholic extract of
Laurus nobilis.
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Fig. 2. UV spectra of: (EO) the essential oil and (HE) the hydroalcoholic extract of
Laurus nobilis.

3.3. Antioxidant capacity

In the iron (IlI)-reduction assay, the general ability of an extract
to donate electrons is tested whereas, in the DPPH assay, hydrogen
atoms are involved as well. DPPH is a stable nitrogen-centered free
radical, whose colour change from violet to yellow upon reduction
by either the process of hydrogen -or electron- donation. Sub-
stances which are able to perform this reaction can be considered
as antioxidant and therefore radical scavengers (Brand-Williams
et al., 1995).

The DPPH radical scavenging of both extracts is shown in Fig. 3.
In the case of laurel EO, the DPPH radical scavenging activity was
significantly lower than the HE one (IC50 4000 + 120 pug/ml vs
257 +12 pg/mL, respectively), in concordance with the lower
amount of phenolic compounds present in the essential oil
(Goudjil et al., 2015). Hinneburg et al., (2006) showed an ICsq of
490 pg/mL for a hydrodistilled laurel extract. The differences with
our results could be associated with the extraction method and the
essential oil chemotypes (Chizzola et al., 2008). The phenolic
chemotypes express a higher antioxidant capacity than those
non-phenolic ones (Goudjil et al., 2015).

1004
80 -
60 -
=
= . C, 25712 pg/mL IC_: 4000+120 pg/mL
L 404
204
i e TE
—0—EO
0=
] ¥ 1 ¥ ] LS 1 L 1
0 1000 2000 3000 4000

Laurel (pg/ml. )

Fig. 3. Radical scavenging activity (RSA%) and Index concentration (IC50) values of
essential oil (EO) and hydroalcoholic extract (HE) of Laurus nobilis.
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For the HE, the maximum RSA was achieved around 1000 ug/mL
and the ICsq values obtained was 257 + 12 pg/mL. Kaurinovic and
co-workers (2010) analyzed antioxidant activities of different
extracts from laurel leaves; they found IC50 values ranged from
81 to 182 pg/mL, depending on the solvent used for the extraction.
These authors analyzed the extraction with four solvents: ether,
chloroform, ethyl acetate, and n-butanol. Prior to the DPPH ana-
lyzes they dissolve the extracts in ethanol. The n-butanol extract
exhibited the weakest inhibitory effect (ICso 182 pug/mL) due to
the lowest flavonoids content. In our work, the results obtained
are in agreement with those reported by the authors mentioned
before.

Fe (IlI) reduction is often used as an indicator of electron-
donating activity, which is an important mechanism of phenolic
antioxidant action (Yildirim et al., 2001). The iron (IlI) to iron
(II)-reducing activity is expressed as AA equivalents (pg/mL AA).
Some authors demonstrated that the iron (IIl)-reducing activity is
correlated with the content of total phenols (Hinneburg et al.,
2006; Ortiz et al., 2009; Kaurinovic et al., 2010). The reducing
power of the EO and the HE determined by FRAP assay is shown
in Fig. 4. The IC50 value for AA (90 + 10 ug/mL) was significantly
minor than those for both extracts. The FRAP method showed that
the laurel HE is a 3-fold more effective reducing agent than the EO,
according to the relationship between the slopes (Fig. 4). As in the
DPPH method, a decrease in the concentration caused a reduction
in the reducing power for all samples. Clearly, the HE showed the
highest reducing power probably associated with their phenolic
content (110.43 mg gallic acid/g extract) in contrast with the low
content of phenols of the EO (0.4-1% v/w of eugenol and 0.05% v/w
of carvacrol) (Di Leo Lira et al., 2009).

However, the HEs from other plant species have registered a
higher antioxidant activity (i.e. ICso Emex spinosus 20.73 and Thy-
mus vulgaris 147.02 pg/mL) than the laurel HE (ICsq 257 pg/mL)
possibly due to a greater amount of flavonoids in their composition
(Emam et al., 2010). The low antioxidant activity of the EO (50.0 +
3.9% DPPH at 4000 pg/mL, Fig. 3) is due to its composition rich in
terpenoids (Di Leo Lira et al., 2009); however, other authors have
reported essential oils with more antioxidant power than the lau-
rel EO e.i. the EOs of Lavandula stoechas and Mentha pulegium scav-
enged 63.05 £ 2.5% and 30.38 + 0.8% at 10 puL/mL of the free radical
DPPH, respectively, while Satureja calamintha EO showed the low-
est ability of DPPH scavenging (22.01 + 3.13% at 10 pL/mL) (Cherrat
et al,, 2014).
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Fig. 4. Iron(Ill) to iron(Il)-reducing activity (FRAP assay) of essential oil (EO) and
hydroalcoholic extract (HE) of Laurus nobilis. Ascorbic acid (AA).

An efficient antioxidative system is of particular importance for
insects with high metabolic rate, which naturally generates huge
amounts of free radicals (Candy et al., 1997). Due to the extreme
sensitivity of honey bees to oxidative stress, the application of
antioxidant substances into colonies is promising. Farjan and
co-workers (2012) showed that the supplementation of the honey
bee diet with vitamin C like antioxidant increased their lifespan.
In addition, Strachecka et al., (2014) showed that food supplemen-
tation with CoQ10 increased the survival of winter bees,
suggesting that it could enhance their vitality. Some components
of natural substances like essential oils have been defined as
Generally Recognised As Safe (GRAS) food substances, and,
thereby, it could be added as antioxidant dietary supplements to
honey bee colonies without leaving residues in honey (Bogdanov
et al., 2002).

3.4. Antibacterial activity

The MIC values for both extracts against the different strains are
shown in Table 1. The HE was capable of the bacterial growth
inhibiting. The MIC values for the different P. larvae strains exposed
to the HE were according with the values reported by some authors
(Gende et al., 2008; Gonzalez and Marioli, 2010) and higher than
other plant extracts (Flesar et al., 2010). The better antibacterial
activity of the HE could be explained by the presence of some phe-
nolic compounds, like flavonoids evidenced by characteristic bands
from FTIR and UV analysis. It has been reported that phenolic com-
pounds inhibit the peptidoglycan synthesis (Ogunlana et al., 1987),
damage the microbial membrane structure (Cox et al., 2000), mod-
ify the bacterial membrane surface hydrophobicity (Tiiri et al.,
1997), and modulate the quorum sensing (Gao and Teplitski,
2003). Ultee et al. (2002) hypothesized that the presence of a sys-
tem of delocalized electrons is responsible for the antimicrobial
activity of phenolic compounds.

The MIC values obtained for the EO were higher than those
reported by other authors. Damiani and co-workers (2014)
obtained MIC values between 600-1200 pg/mL for the same laurel
EO and Ansari and co-workers (2016) obtained MIC value of
1287.9 pg/mL for laurel EO, both using the microdilution method.
The differences could be attributed to the use of different tech-
niques for the MIC determination. The EO has volatile compounds
which make that the antimicrobial activity depends on a combina-
tion of direct effects of volatilization and indirect effects by the cul-
ture medium (Moleyar and Narasimtram, 1986). In this work, it
was not possible to determine MIC values below 1000 pg/mL. This
could be due to the evaporation of volatile compounds by heating
of the culture medium for the agar dilution method. Concentra-
tions among 50-250 pg/mL of EOs from other plants have been
able to inhibit the P. larvae growth (Alippi et al., 1996, Albo et al.,
2001, 2003; Gende, 2009).

Table 1

Minimal inhibitory concentration (pg/mL) of the hydroalcoholic extract and the
essential oil of Laurus nobilis against five Paenibacillus larvae isolated strains two
references were used from OIE Reference Laboratories for American foulbrood
acquired in (UB-CIDEFI).

P. larvae strains Hydroalcoholic extract Essential oil
Mechongué 400 >1000
La Plata 800 >1000
Vidal 400 >1000
Estafeta 500 >1000
Sierra 800 >1000
PL15 500 >1000
PL33 800 >1000
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3.5. Apiary trial: Colony strength and hygienic behavior

Considering the results of the antimicrobial activity and the no
deleterious or toxic effects of both laurel extracts during topical or
oral administration on adult worker bees (Damiani et al., 2014;
Porrini, 2013), a group of healthy bee colonies were provided with
the laurel HE added to sugar paste, in order to study the effect of
this differential feeding on the hive dynamics. The analysis of data
about the variations in cell proportion (capped, uncapped, honey,
pollen, and empty cells) due to the treatment, did not allow the
setting to any statistical model for the treatment performed. This
let us to infer that the variables analyzed were not affected by
the treatment. The data registered for each cell state come from
different hives, for that, the hive was regarded as a random effect.
In most of the cases, the random effect was responsible for the
variations (Table 2). It should be noted that while there were no
differences between the hives fed with candy paste + extract and
control food, a remarkable strength and health state of hives sup-
plemented with the laurel extract was evidenced (data not shown).
This additional benefit could be attributed to an antioxidant effect
related to the phenolic compounds present in the HE.

At least one compound isolated from leaves, the 3o-
acetoxyeudesma-1, 4(15), 11(13)-trien-12,6a-olide (AETO) has
proven a potent neuroprotective and inhibitor of ROS formation
in human cells (Koo et al., 2011) and could play a role in the antiox-
idant system of bees. Several bee behaviors that help to confer
colony-level resistance against parasites and pathogens have been
characterized, including the hygienic behavior (HB) (Spivak and
Gilliam, 1993). It involves the detection of dead or diseased bees
in brood cells, cell uncapping, and the removal of affected larvae
or pupae by the nurse bees (Spivak and Reuter, 2001). Thus, the
HB is considered a mechanism that enhances the resistance of
colonies to common brood diseases such as AFB (Palacio et al.,
2000). The GLMM analysis showed that any of the variables ana-
lyzed affected the HB in the mini-hives (AIC null lower than AICs
of the models; Table 3). The random effect (1|Hive) explained the
100% of the variation in the data of hygienic behavior while the
laurel extract addition and/or the time had no effect in the analysis.
The mean percent values of removal were 75.36 + 25.47% and

Table 2

Possible generalized linear mixed (GLM) models with binomial
distribution explaining the variations of cell ratio: uncapped (U),
capped (C), honey (H), bee bread (B) and empty (E) cells.

Models AIC (AIC null)

U ~ treatment(Ex/Ctrl) + (1|Hive) 27.49 (26.27)
C ~ treatment(Ex/Ctrl) + (1|Hive) 17.59 (16.91)
H ~ treatment(Ex/Ctrl) + (1|Hive) 11.42 (9.436)
B ~ treatment(Ex/Ctrl) + (1|Hive) 6.114 (4.121)
E ~ treatment(Ex/Ctrl) + (1|Hive) 28.95 (28.6)

Random variable, expressed as (1|Hive). AICc, Akaike informa-
tion criterion for small samples. In brackets: AICc of the corre-
sponding null model for each variable evaluated. Ex: Laurel
extract treatment; Ctrl: Control treatment.

Table 3
Possible generalized linear mixed (GLM) models with binomial distribution explain-
ing the variations of the cleaned cell ratio.

MODELS AIC AlCnuLL
NC ~ Treat + T + (1|Hive) 44.69 39.98
NC ~ T + (1|Hive) 43.9

Random variable, expressed as (1 | Hive). AICc: Akaike information criterion for
small samples; AICc null of the corresponding null model.. NC: number of cleaned
cells; Treat: control and Laurel extract treatments; T: time.

85.39 + 20.01% for control and HE treatment, respectively. While
significant differences between these values were not found, it
could be observed a slight trend of increasing HB in the colonies
fed with the HE. These discrete differences could be due to the
use of concentrations and doses in the food that fail to produce sig-
nificant changes in the dynamics of the colonies. More assays could
be done supplying bee colonies a more concentrated laurel HE
sugar paste or for a more prolonged time. Increased hygienic
behavior is a desirable effect because it is a natural way to manage
honey bee pathologies, especially those affecting brood.

4. Conclusion

A better inhibition power against P. larvae, attributable to the
presence of phenolic compounds, plus the antioxidant capacity of
the laurel HE allow us to think in different forms of administration
of this botanical extract in honey bee colonies for control purposes
of American foulbrood in a safe way.
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