
Biocidal properties of maltose reduced silver nanoparticles
against American foulbrood diseases pathogens
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Abstract Bee disease caused by spore-forming

Paenibacillus larvae and Paenibacillus alvei is a

serious problem for honey production. Thus, there is

an ongoing effort to find an effective agent that shows

broad biocidal activity with minimal environmental

hazard. In this study, the biocidal effect of maltose

reduced silver nanoparticles (AgNPs) is evaluated

against American foulbrood and European foulbrood

pathogens. The results demonstrate that the maltose

reduced AgNPs are excellent short and long-term

biocides against P. larvae isolates. The long-term

effect suggests that the Ag? ions are released from the

AgNPs with increasing time in a controlled manner.

Keywords Silver nanoparticles � Honeybee
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Introduction

The fight against pathogenic microorganisms is

always a fierce battle to prevent their destructive

effects. Among many biocides, there is an increasing

interest to use colloidal silver nanoparticles (AgNPs)

due to their broad spectrum of biocidal effect, low cost

and relatively simple synthesis (Biswas et al. 2012;

Brust and Kiely 2002; Dong et al. 2009; Vahabi et al.

2011). AgNPs included in various consumer products

such as shampoos, cosmetics and composite materials

(Dubas et al. 2006; Frey et al. 2009; Haider and Kang

2015; Kong and Jang 2008; Petros and DeSimone

2010; Tugulea et al. 2014). In addition, AgNPs have

other unique properties such as plasmonic and high

electrical and thermal conductivity, which make them

attractive nanomaterials for their use in a range of

applications including chemo and biosensors, conduc-

tive inks, pigments and substrates in surface-enhanced

Raman scattering (Besinis et al. 2014; Lee and Meisel

1982; Sharma et al. 2009; Tran et al. 2013). The

antimicrobial activity of colloidal AgNPs were thor-

oughly investigated in recent years and their biocidal

activity against a number of highly pathogenic and

drug-resistant Gram- and Gram? bacteria including
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Department of Biology, Faculty of Arts & Sciences,
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Klebsiella pneumoniae, Pseudomonas aeruginosa,

Bacillus cereus, Enterococcus fecalis, Micrococus

luteus, vancomycin resistant enterococci was demon-

strated (Besinis et al. 2014; Kong and Jang 2008;

Morones et al. 2005; Sharma et al. 2009).

AgNPs are easily synthesized with aqueous syn-

thesis methods in which silver ions from one of its salts

are reduced with a reducing agent. Many reducing

agents such as hydrazine, borohydride, citrate, ascor-

bic acid, starch, monosaccharides, disaccharides and

Tollens reagent have been reported (Dong et al. 2009;

Haider and Kang 2015; Lee and Meisel 1982;

Mochochoko et al. 2013; Sharma et al. 2009; Tran

et al. 2013; Vahabi et al. 2011). Some of the reducing

agents are claimed to be environmental friendly since

they are either a biomolecule or a plant extract

(Mochochoko et al. 2013; Sharma et al. 2009; Vahabi

et al. 2011). For example, glucose was used as a

reducing agent to synthesize AgNP average size

10 nm in a mildly heated environment less than

10 min (Raveendran et al. 2003; Sharma et al. 2009).

During AgNP synthesis, starch was added as capping

agent to stabilize the AgNPs. In another example, the

disaccharide maltose was used as a reducing agent for

the AgNP synthesis with the assistance of microwave

radiation. Polyvinylpyrrolidone was added into the

reaction mixture to stabilize the formed AgNPs (Singh

et al. 2014). An anisotropic mixture of AgNPs with an

average size of 39 nm was obtained.

The size and dissolution rate of AgNPs determine

the overall biocidal activity of AgNPs. Smaller sizes

of AgNPs show higher biocidal activity since the

AgNPs in the range of 1–10 nm adhere to bacterial cell

membranes and dramatically disrupt its function

(Ansari et al. 2015). The AgNPs with a few nanome-

ters can also pass across bacterial walls and can bind to

DNA and proteins in the bacterial cell. The other

factor is the dissolution rate of the AgNPs (release

Ag? cations) and a higher dissolution rate with

reduced size is reported (Dobias and Bernier-Latmani

2013). The biocidal activity of Ag? ions is widely

known (Agnihotri et al. 2014; Ansari et al. 2015; Kong

and Jang 2008; Morones et al. 2005; Pal et al. 2007;

Tran et al. 2013). AgNPs behave as slow Ag? ion

releasing units (Dobias and Bernier-Latmani 2013;

Morones et al. 2005; Pal et al. 2007). The ion releasing

behavior not only depends on size but also synthesis

method. The shape of the AgNPs is also reported to be

an important factor for their biocidal effect (Pal et al.

2007). Triangular shaped AgNPs with a (111) lattice

were found to be more effective against Escherichia

coli as compared to the spherical ones (Pal et al. 2007).

Spore-forming Paenibacillus are almost ubiquitous

in nature including soil, water, vegetable matter and

insect larvae, and some of these strains are pathogens.

American foulbrood diseases caused by larvae is most

serious disease for honey bees (Apis mellifera). P.

larvae is a Gram-positive spore-forming bacterium

(Genersch 2010; Özkırım et al. 2015). Although P.

larvae does not affect adult bees, it is very infectious

for larva (Wilson 1971). The spores are resistant to

heat and chemical agents and can survive for many

years in hive products and equipment (OIE, World

Organisation of Animal Health,Terrestrial Manual.

Ch. 2.2.2. 2017). Similar to American foulbrood

disease, the other major contagious disease is Euro-

pean foulbrood caused by Melisococcus plutonius as

primary pathogen and Paenibacillus alvei, Bacillus

laterosporus, Enterococcus faecalis, Acromobacter

euridice, Brevibacillus laterosporus as secondary

pathogens (Chauzat and Laddomada 2015).

A number of available antibiotics including sul-

fonamids, oxytetracycline, streptomycin, tylosin,

and erythromycin have been used for the treatment

of American foulbrood and European foulbrood

(Reybroeck et al. 2012). However, the use of

antibiotics is not safe since they have adverse effects

on environment and human health. Long term

antibiotic use has the risk of developing resistance

and further complicating the battle against the

disease (Llror and Bjerrum 2014). Therefore, there

is an effort to find alternative strategies to antibiotic

use in recent years.

In this study, AgNPs were synthesized using a green-

chemistry approach, which involves the reduction of

Ag? ions with maltose monohydrate without using a

stabilizer, as different from the previously reported

studies. The obtained AgNPs were characterized with

transmission electron microscopy and spectroscopic

techniques such as UV–vis, fourier transform infrared

scectroscopy (FTIR) and dynamic light scattering

(DLS). The biocidal activity of AgNPs was tested on

two groups of microorganisms causing American and

European foulbrood disease pathogens. The microor-

ganisms in the first group are P. larvae, P. alvei and

spore-forming Bacillus strains isolated from American

and European foulbrood disease suspicious larva and

honey samples. The other group microorganisms
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consist of some Gram- and ? bacteria chosen based

on their clinical and pharmacological importance.

Materials and methods

Silver nitrate ([ 99.9% pure) and absolute ethanol

(C 99.8%) were purchased from Sigma Company

(Saint Louis, USA). Maltose monohydrate ([ 99.5%

pure), nitric acid (C 65%) were obtained from Merck

(Darmstadt, Germany). Deionized water

(18.2 MX cm-1) was used for all experiments.

Synthesis of silver nanoparticles

A solution prepared by dissolving 0.475 g of AgNO3 in

10 mLwater, which was added drop-wise into a boiling

and stirring maltose monohydrate solution prepared by

dissolving a 50 gmaltose in 100 mlwater on a hot plate.

After completing the drop-wise addition of AgNO3

solution, the reaction mixture was boiled for additional

15 min to obtain the AgNP colloidal suspension.

Characterization of silver nanoparticles

The optical absorption spectra of AgNPs suspension

were recorded on a double-beam UV–Vis spectropho-

tometer Lambda 35 (Perkin Elmer, Germany) by

scanning in the range of 300-900 nm at room temper-

ature. The size distribution and zeta potential of

AgNPs in its suspension was measured using a

Zetasizer Nano ZS instrument (Malvern, UK)

equipped with a 4-mW He–Ne laser at 173� scattering
angle at room temperature.

The FTIR spectra were obtained with Nicolet IS50

FTIR (Thermo Scientific). Briefly, a 35 ml of absolute

ethanol was added into a 15 ml of AgNPs colloidal

suspension, vortexed and sedimented by centrifuging

at 10,4009g (JS-7.5 rotor, 30 min, 24 �C, Beckman

Avanti J-25 I). After three washing steps with ethanol,

FTIR spectra were obtained from the remaining

precipitate at least 3 h of drying at 70 �C.

Transmission electron microscopy

Transmission Electron Microscopy (TEM) measure-

ments were performed with JEOL-2100 instrument

operating at 120 kV (LaB6 filament) equipped with an

Oxford Instruments 6498 EDS system.

Microorganisms

The first group of bacteria including Bacillus, Paeni-

bacillus and Micrococcus strains were isolated from

larva and honey samples confirmed as diseased in the

microbiology laboratories of Recep Tayyip Erdoğan

University (Rize, Turkey). All larva and honey

samples were obtained from Bee Research Laborato-

ries of Veterinary Control Institute (Samsun, Turkey).

All isolates were grown onMYPG agar (Antunez et al.

2007; Dingman and Stahly 1983). The conventional

methods including colony morphology examination,

gram staining, physical and biochemical characteri-

zation were used to identify the strains. In addition, the

molecular techniques such as partial sequence of 16S

rRNA gene and American foulbrood-forward and

American foulbrood-reverse specific primers for P.

larvae were used to identify the isolates. The obtained

16S rRNA sequences were analyzed by BLAST

searches using the NCBI GenBank database (Altschul

et al. 1990; Benson et al. 2012; Dobbelaere et al.

2001). Finally, the sequences were used to construct

phylogenetic tree to verify isolate identification (data

were not shown).

The other group of the tested microorganisms were

obtained from the Public Health Institution of Turkey

and included the following microorganisms: Echer-

ichia coli strain ATCC35218, Yersinia pseudotuber-

culosis strain ATCC911, Pseudomonas aeruginosa

strain ATCC43288, P. aeruginosa strain ATCC

27853, Enterococcus faecalis strain ATCC29212,

Listeria monocytogenes strain ATCC 43251, Staphy-

loccus aureus strain ATCC25923, Bacillus cereus

strain 709 Roma, B. subtilis subs. spizizenii strain

ATCC 6633, Mycobacterium smegmatis strain

ATCC607, Candida albicans strain ATCC60193 and

Saccharomyces cerevisia strain RSKK 251.

Antimicrobial activity assays

The agar well diffusion method was used to determine

antimicrobial activity of the AgNPs (Ahmad et al.

1998). Each microorganism was suspended in a

suitable medium to set it to 0.5-McFarland units

turbidity. Then, the suspensions were spread on

separate agar plates using sterile swabs. Five-millime-

ter diameter wells were cut the agar using a sterile

cork-borer, and then the agar plates were dried. The

wells were filled with 50 ll of AgNPs. Paenibacillus
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strains were suspended inMYPG (10 gMueller Hilton

Broth, 15 g yeast extract, 1 g sodium pyruvate, 2 g

glucose, 3 g K2HPO4) broth and spread on MYPG

agar plates.M. smegmatis strain was suspended in BHI

broth and spread on BHI agar plates. The yeast-like

fungi were suspended in yeast extract broth and spread

on PDA plates. All remaining microorganisms was

suspended in MHB and spread on MHA plates. The

plates were incubated at 35 �C for 18 h for bacteria

and at 25 �C for 48 h for yeast. After the incubation,

the antimicrobial activity was evaluated by measuring

the zone of inhibition against the tested organisms.

The inoculation plates were sealed with a parafilm to

protect the water loss and contamination, and incu-

bated at laboratory temperature for 1 month. The

inhibition zone was measured with calipers on a

weekly basis. Due to the absence of significant

changes, the experiments were stopped after the fourth

week. The second and fourth week results were taken

into consideration for the evaluation.

The antimicrobial effect of the AgNPs was tested

quantitatively in liquid broth media by using double

microdilution, and the MIC values, as lg ml-1 were

determined. The antibacterial assays were performed

in MHB, MYPGP and BHI at pH 7.0, and antifungal

assays were performed in buffered Yeast Nitrogen

Base (YNB) at pH 7.0. Themicro dilution test plates of

MHB were incubated for 18–24 h at 35 �C. BHI,

MYPGP and YNB broths were incubated for 48–72 h

at 35 �C according to the literature (Singh et al. 2014).

Statistical analysis

Agar well diffusion and MIC results were statistically

were analyzed using one-way ANOVA and when

P\ 0.05 were considered statistically significant.

Results

Synthesis and characterization of AgNPs

The AgNPs used in this study were synthesized with

maltose reduction without using a stabilizer. The UV–

Vis spectrum of pale yellow AgNPs colloidal suspen-

sion is shown in Fig. 1a. The spectrum exhibits an

absorption maximum at 420 nm, which is typical

surface plasmon resonance absorption band for spher-

ical AgNPs. The dynamic light scattering spectrum

provided in Fig. 1b indicates that the average hydro-

dynamic size of AgNPs is around 39 ± 15 nm. The

UV–Vis spectrum and polydispersity index value

(0.395 ± 0.054) suggest that the AgNPs have a very

narrow size distribution profile. The transmission

electron microscopy images on Fig. 1c and d show

the actual size and morphology of the AgNPs. As seen,

the AgNPs are mostly spherical in shape with about

20 nm sizes, relatively mono-disperse, and in the form

of well-ordered single crystals.

Surface chemistry of AgNPs plays an important

role for their action in biological media. Therefore,

their surface chemistry was investigated with FTIR

spectroscopy. Figure 2 shows the comparison of FTIR

spectra obtained from maltose and the maltose

reduced AgNPs. The broad peak observed at

3300 cm-1 is assigned to O–H stretching vibration

of maltose (Mochochoko et al. 2013; Singh et al.

2014). The peaks at 2926 and 1079 cm-1 originate

from C–H stretching of sp3 carbon and typical

stretching of O–C of maltose ring, respectively. The

peak at * 1710 cm-1 is assigned to vibrations of

C=O (Kora et al. 2012; Mochochoko et al. 2013; Singh

et al. 2014). The peaks at 1717 and 1643 cm-1

indicate the presence of an aldehyde or ketone

functional group. These peaks indicate that the

presence of maltose or maltose related molecules on

the surface of AgNPs.

Antimicrobial effect of silver nanoparticles

The antimicrobial activity of AgNPs against the

standard strains was evaluated using agar well diffu-

sion and MIC methods (Table 1 and Fig. 3). The agar

well diffusion results indicate that the AgNPs are very

effective on S. aureus ATCC25923 andM. smegmatis

ATCC607. The MIC value of the AgNPs against

standard microorganisms was determined as

0.37 lg ml-1 except for M. smegmatis.

The antimicrobial activity of the AgNPs was also

studied against 25 different spore forming bacteria

(including Bacillus, Paenibacillus and Micrococcus

strains) isolated from American foulbrood and Euro-

pean foulbrood suspicious samples (Table 2). Three of

six different P. larvae strains, responsible for Amer-

ican foulbrood generated 13–20 mm inhibition zones

and the zone diameters did not change during 4 weeks.

However, the zone diameter of P. larvae strain PB

16.1b increased and zone diameters were measured as
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19 mm after the 4 weeks (Table 2). The one P. alvei

strain causing European foulbrood generated 11 mm

inhibition zone and the zone diameter did not change

with the increasing time. The susceptibility of four

saprophytic Paenibacillus dendritiformis strains

against the maltose reduced AgNPs was also tested.

From the results, PB 14a strain was not affected while

PB18a and PB26a strains showed unchanged inhibi-

tion zones during 4 weeks. However, PB32a strain

showed a time dependent inhibition zone. The four-

teen different spore forming Bacillus andMicrococcus

species including normal bacterial flora of Apis

mellifera were also tested. The inhibition zone

changes of these strains with time are provided in

Table 2. For the tested strains, the MIC values were

determined to be in the range of 3 to 12.5 lg ml-1.

Discussion

There is a large number of AgNP synthesis methods

reported in the literature using variety of reducing

agents including plant extracts, and bacterial and

fungal metabolites (Ahmad et al. 1998; Dingman and

Stahly 1983; Dong et al. 2009; Mochochoko et al.

2013; Sharma et al. 2009; Tran et al. 2013; Vahabi

et al. 2011). However, the resulting AgNP containing

suspensions may or may not show antibacterial

activity. This can be explained with the existence of

two separate factor affecting AgNPs on microorgan-

isms: size and dissolution rate. The smaller the size is

the higher the antibacterial effect. The dissolution rate

also strongly depends on synthesis method. When a

strong reducing agent is used to prepare AgNPs, a

tightly packed crystal lattice is formed. It is opposite

when a weak reducing agent is used for the synthesis.

The release of Ag? ions is faster from the latter.

Carbohydrates are weak reducing agents for Ag? ions

Fig. 1 UV/Vis absorption

spectrum (a), dynamic light

scattering spectrum (b),
transmission electron

microscopy images (c, d) of
AgNPs

Fig. 2 Comparison of FTIR spectra of maltose and maltose

reduced AgNPs
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forming loosely packed AgNP crystals, which are

more prone to release of Ag? ions in aqueous media.

When this effect is combined with a size effect, such a

colloidal suspension behaves as an effective antibac-

terial agent. For example, the reduction of Ag? with

tri-sodium citrate is a commonly used AgNP synthesis

method (Lee and Meisel 1982). However, their

biocidal effect is very low due to their large size

(average 50 nm) and low dissolution rate.

Table 1 Agar well diffusion and MIC results of maltose reduced AgNPs against standard strains

Bacterial strain Antibacterial Effect

Zone of inhibition (mm), (80 ppm, 50 lL AgNPs) MIC value (lg/mL)a

Escherichia coli ATCC 25922 14.1 ± 0.1 0.37

Yersinia pseudotuberculosis ATCC 911 12.2 ± 0.2 0.37

Pseudomonas aeruginosa ATCC 43288 12.0 ± 0.1 0.37

Pseudomonas aeruginosa ATCC 27853 18.0 ± 0.1 0.37

Staphylococcus aureus ATCC 25923 25.5 ± 0.2 0.37

Enterococcus faecalis ATCC 13048 10.1 ± 0.1 0.37

Paenibacillus larvae LMG9820 14.2 ± 0.2 0.37

Bacillus cereus 702 Romab 13.2 ± 0.2 0.37

B. subtilis subs. spizizenii ATCC 6633 9.0 ± 0.3 0.37

Mycobacterium smegmatis ATCC607 16.3 ± 0.2 2.0

Candida albicans ATCC 60193 8.1 ± 0.2 0.37

Saccaromyces cerevisiae RSKK 251 8.2 ± 0.1 0.37

aMIC STD less than 0.1 lg/ml
bSpore forming bacteria

Fig. 3 Antibacterial activity of AgNPs against a S. aureus, b E. coli, c P. aeruginosa, d Paenibacillus alvei PB34, e B. cereus, f B.
subtilis subs. spizizenii, g P. larvae LMG9820, h C. albicans strains. 80 lg/50 lL AgNPs were used in all experiments
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The UV–Vis spectroscopy is a primary technique

used for the characterization of AgNPs. The maximum

absorption wavelength and its shift of surface plasmon

resonance peak provides information about their size,

dielectric medium and surface-adsorbed species (Pal

et al. 2007). A shift of surface plasmon resonance to

longer wavelengths means increased particle size (Pal

et al. 2007). The hydrodynamic size of AgNPs is found

to be 39 ± 15 nm but TEM images (Fig. 1c and d)

show that the most of the AgNPs are around 23 nm.

However, note that TEM image are representative in

nature and does not provide a general picture of the

size distribution but it provides morphological infor-

mation. As seen from the TEM images, the AgNPs are

spherical with a smooth topography. Note that the size

of the particles is observed larger in aqueous medium

due to the hydration layer in dynamic light scattering

measurements (Jang et al. 2015). The zeta potential of

the AgNPs was measured as -23.4 ± 2.7 mV indi-

cating the presence of negatively charged ions and

molecular species on the surface. The value of zeta

potential gives important information about the sta-

bility of colloidal particles in their suspensions. The

more negative zeta potential means higher stability for

the particles. As zeta potential approaches zero,

electrostatic repulsion forces between the colloidal

particles decreases and eventually the particles stick

together and precipitate (Greenwood and Kendall

1999; Hanaor et al. 2012). The zeta potential value of

the maltose reduced AgNPs indicates that they are

relatively stable.

During the oxidation–reduction reaction, the side

products can also influence the surface chemistry, then

thus aggregation properties of AgNPs, and the release

of Ag? ions from the surface. Therefore, the choice of

reducing materials for synthesis is critical. The surface

chemistry of AgNPs after the synthesis was investi-

gated by using FTIR spectroscopy (Fig. 2). Observed

vibrations indicate the presence of carbohydrates,

possibly weakly bound degradation products of mal-

tose on the AgNPs surface. The peak shifts observed at

3300, 1145, and 994 cm-1 suggest the binding of

maltose or its degradation products to the AgNP

surfaces through hydroxyl groups.

Antimicrobial activity of AgNPs against bacteria

that were isolated from bee samples with American

foulbrood and European foulbrood symptoms were

investigated. The antimicrobial activity of AgNPs was

also studied against a broad-spectrum of bacteria

including highly pathogenic strains. The results of

agar well diffusion and micro dilution tests indicate

that AgNPs were very effective against all tested

human pathogenic bacteria, fungi strains and patho-

genic bacteria causing bee diseases (Tables 1 and 2).

The most obvious effect was shown on the human

pathogen,M. smegmatis. The spore-forming P. larvae

Table 2 Antimicrobial

activity of maltose reduced

AgNPs against bacterial

strains isolated from disease

suspected larvae and honey

samples

– no activity

*milimeter

Bacterial strain Number of strains Zone of inhibition (mm)*

(N: 31) 2 days 2 weeks 4 weeks

Bacillus sp. 2 – 14 ± 1 14 ± 1

B. subtilis 2 – 15 ± 3 15 ± 3

3 6 ± 2 20 ± 5 20 ± 4

B. altitudinis 3 – 20 ± 2 20 ± 2

B. stratosphericus 1 – 15 ± 1 15 ± 1

B. pumilis 1 – 11 ± 1 11 ± 2

Paenibacillus larvae 1 – – –

3 – 16 ± 4 20 ± 5

2 13 ± 2 13 ± 2 13 ± 2

Paenibacillus alvei 1 – 10 ± 1 12 ± 1

Micrococcus kristinae 2 11 ± 1 11 ± 1 11 ± 1

P. dendritiformis 5 – – –

2 12 ± 2 12 ± 2 12 ± 2

3 5 ± 1 15 ± 5 25 ± 5

P. larvae LMG9828 1 12 ± 1 13 ± 1 16 ± 2
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and P. alvei cause the death of bee colonies and spores

survive for a long time in nature and contaminate bee

species and bee products. Our results suggest that the

AgNPs have a bacteriostatic and bactericidal effects

against Paenibacillus sp. and they have the ability to

inhibit spore formation at a lower dose (B 6 lg ml-1).

The antibiotics that used in bee diseases are to be

effective, only infection periods and the infectious

spores are not completely removed or killed. In

addition residues of antibiotics were found in honey

and bee equipment, which indicates the accumulation

of antibiotics in time (Kora et al. 2012). The results of

this study clearly suggests that maltose reduced

AgNPs are a strong candidate for treatments of bee

diseases as an alternative to antibiotics.

Themechanism of the antibacterial effect of AgNPs

is mostly dependent on releasing of Ag? ions as stated

before. As the particle size gets smaller, the antibac-

terial effect gets greater since the interaction between

the bacteria cell wall and the AgNPs becomes more

effective (Dobias and Bernier-Latmani 2013; Pal et al.

2007; Sharma et al. 2009). The interaction of AgNPs

with about 21.2 nm diameters with bacterial cell wall

results with the increased membrane permeability,

which causes the death of bacteria (Morones et al.

2005). The inhibitory action of Ag? on bacterial cells

is related to the affinity of Ag? with sulfur and

phosphorus groups present in key respiratory enzymes

in bacteria (Gordon et al. 2010). The dissolved Ag?

can interact with DNA, resulting in inactivation of

DNA replication, or can react with proteins, leading to

the inhibition of enzyme functions. At the same time,

metal ions can generate of intracellular reactive

oxygen species in bacteria and the cell death (Stohs

and Bagchi 1995).

Although the maltose reduced AgNPs used in this

study are effective against the tested microorganisms,

the question for the possible health effect upon their

use on honeybees are not clear yet. There is a large

number of studies regarding the possible adverse

effects of AgNPs reported in the literature (Gonzalez

et al. 2016; Kim et al. 2008; Raj et al. 2017; Shahare

et al. 2013). In some of these studies, the AgNPs were

found to toxic. For example, Gonzalez et al. found that

AgNPs affect the epithelial cell microvilli as well as

intestinal glands (Gonzalez et al. 2016). Kim et al.

studied exposure of AgNPs on rats and found that the

levels of hematocrit and hemoglobin after a 28-day

oral exposure (Kim et al. 2008) increased. Raj et al.

found that egg laying capability along with growth of

ovary in adult insects were impaired with AgNP

exposure (Raj et al. 2017). On the other hand, there are

also studies suggesting that AgNPs may not cause

significant harmful effects. For example, Tran et al.

reported that AgNPs did not induce genetic toxicity in

male and female rat bone marrow (Tran et al. 2013).

The influence of size, shape, and surface chemistry on

toxic effect of nanomaterials can help to explain the

variations in the results of the reports. The dosage and

dissolution rate of AgNPs are the other factors that can

contribute the variation in results.

The minimum concentration of ions that can be

tolerated by humans in drinking water is suggested as

100 ppm by WHO (Organization of Word Health,

Guidelines for drinking-water quality 2011). Since the

concentration of AgNPs used in this study is 80 ppm,

it may be considered as safe to use the maltose reduced

colloidal suspension of AgNPs for American and

European foulbrood diseases. However, accumulation

of AgNPs with long term use in the environment can

cause adverse effects (Raj et al. 2017). In conclusion,

the use of AgNPs is expected to provide a significant

contribution and long-term efficacy because of the

dissolution properties of AgNPs.
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