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Abstract

Seventy polyfloral honeys including commercial samples obtained from supermarkets, harvested from apiaries and

purchased in bulk were initially examined for total antibacterial activity. From each sample, numbers of aerobic mesophilic

bacteria, total coliforms, moulds and yeasts were determined and the presence of Salmonella spp., Shigella spp., Clostridium

sulfite-reducers, Paenibacillus larvae and Bacillus spp. was investigated. Moisture content, pH and total acidity were also

determined for all samples. Any honey diluted to concentrations from 75% to 1% (w/v) of full-strength honey showed total

antibacterial activity. The numbers of aerobic mesophilic bacteria, moulds and yeasts were less than 103 cfu/g for all 70

samples. Faecal coliforms, Escherichia coli, Salmonella spp., Shigella spp. and Clostridium sulfite-reducers were not detected

but P. larvae subspp. larvae, Bacillus cereus, Bacillus pumilus and Bacillus laterosporus were found among samples. For

commercial, apiary and bulk honey the mean values for moisture content, pH and acidity, respectively, were 17.50%, 17.40%

and 17.50%; 4.60, 4.10 and 4.20; and 18.30, 20.60 and 21 meq NaOH/kg. P. larvae was recovered from 35% of apiaries

including hives in which the bees did not display symptoms of American foulbrood disease.

D 2005 Elsevier B.V. All rights reserved.
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1. Introduction

Many authors have reported studies on honeys,

some based on physico-chemical and sensorial analy-

sis (Gupta et al., 1992; Singh and Kuar Bath, 1997;
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Esti et al., 1997), the chemical identification of certain

compounds in honeys from different sources and

regions (D’Aray et al., 1997; Martos et al., 2000)

and, in recent years, studies on the antimicrobial

properties of honeys (Allen et al., 1991; Molan,

1992a,b; Willix et al., 1992; Al Somal et al., 1994;

Cooper et al., 1999; Taormina et al., 2001). However,

except for Clostridium botulinum limited quantitative

data of bacteria in honeys have been reported in

scientific literature (Tysset et al., 1970; Tysset and
biology 105 (2005) 297–304



M.O. Iurlina, R. Fritz / International Journal of Food Microbiology 105 (2005) 297–304298
Rousseau, 1981; Root, 1983; Nakano et al., 1990;

Piana et al., 1991).

According to White et al. (1963) honey is a mix-

ture of fructose (average 38.4%), glucose (average

30.3%), sucrose (average 1.3%) and other carbohy-

drates (about 12%), minerals (average 0.169%) and

proteins (169 mg/100g), with a water content of about

17.2%. The pH of honey ranges from 3.4 to 6.1 with

an average of 3.9, while the water activity varies

between 0.5 and 0.6. Osmolarity, pH and hydrogen

peroxide are the major factors in honey that may be

considered for its antimicrobial activity. The principal

factor responsible for this activity is hydrogen perox-

ide produced by the oxidation of glucose by the

enzyme glucose-oxidase, which is activated by suc-

cessive dilutions of honey. In addition, a residual non-

peroxide antibacterial activity attributed to phenolic

components (phenolic derivatives of benzoic acid,

cinnamic acid and flavonoids) was detected in several

honeys (Molan and Russell, 1988; Weston et al.,

1999). These intrinsic properties of honey affect the

growth and survival of microorganisms by bacterio-

static or bactericidal action and, in particular, the low

pH and high sugar content of undiluted honeys pre-

vent the growth of many species of microorganisms.

In consequence, honey can be expected to contain a

small number and a limited variety of microorgan-

isms. Vegetative forms of human disease-causing bac-

teria have not been found in honey and, as bacteria do

not replicate in honey, a high count of vegetative

bacteria is indicative of a recent contamination from

a secondary source.

Thus, the microorganisms of interest are those that

withstand the concentrated sugar, acidity and antimi-

crobial character of honey. These microorganisms

include certain yeasts and spore-forming bacteria;

coliforms or yeasts indicative of sanitary or commer-

cial quality, and microorganisms such as Bacillus

cereus, Clostridium perfringes or C. botulinum,

which under certain conditions (e.g. germination and

growth in a non-heated-treated product) could cause

illnesses in humans (Snowdon and Cliver, 1996).

Moreover, microorganisms that cause diseases in

honey bees are also of interest. Paenibacillus larvae, a

spore-forming bacterium, is one of the major patho-

gens of Apis mellifera responsible for an infectious

disease known as American foulbrood (Alippi et al.,

2002; Lauro et al., 2003). However, P. larvae have
never been associated with illness in humans. The aim

of this work was to determine and characterize micro-

bial populations in Argentinean honeys obtained from

commercial sources, apiaries and bulk containers.
2. Materials and methods

2.1. Honey samples

The study was carried out with 70 unpasteurized

polyfloral honey samples, which were classified into 3

groups including: 23 commercial honeys from local

supermarkets; 37 honeys harvested directly from api-

aries; and 10 honeys purchased in bulk for industrial

use representing 33%, 53% and 14% of the total of

samples, respectively. Apiary honeys were divided

into 2 sub-groups: (i) samples from hives with signs

of American foulbrood (AFB) disease at the time of

sampling (9 samples, 24%), and (ii) samples from

hives free of any sign of AFB disease at the time of

sampling (28 samples, 76%). AFB disease affects the

larval and pupal stages of honeybees (A. mellifera L.)

The brood combs were evaluated for a patchy appear-

ance of its, sunken capping with a greasy-look and

partially open cells. Infected individuals turn brown

and then black and the resultant mass becomes a hard

scale of material deposited on the side of the cell

(Alippi et al., 2002). Commercial honeys came from

different regions of Argentina. Apiary and bulk hon-

eys came from apiaries laid in the southeast region of

Buenos Aires province. Sampling was performed in

triplicate, dividing the samples into 2 parts: one for

microbiological and antibacterial activity assays and

the other for moisture content, pH and acidity mea-

surements. Commercial samples were analyzed from

original containers. For apiary and bulk honeys, repre-

sentative portions were aseptically collected into ster-

ile containers. All samples were stored in the dark at

10 8C.

2.2. Assay of antibacterial activity

Honeys were screened for total antibacterial activ-

ity against Staphylococcus aureus (ATCC 25923)

according to the agar well diffusion method (Allen

et al., 1991). Cultures (100 AL) of S. aureus grown in

trypticase soy broth (TSB) at 37 8C for 18 h were
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added to nutrient agar (150 mL) and immediately

poured onto plates. The plates were stored at 4 8C
for 24 h before being used, and wells (8 mm diameter)

were cut in the agar. Solutions containing 0, 1%, 5%,

10%, 25%, 50% and 75% (w/v) of honey were made

in sterile distilled water. A 100-AL aliquot of each

sample was added to each well. Cultures were incu-

bated at 37 8C for 18 h. Antibacterial activity was

assessed by measuring the size of the zones of inhibi-

tion surrounding wells.

2.3. Microbial counts

Ten grams of each sample were homogenized into

90 mL of sterile Butterfield’s phosphate-buffered dilu-

tion water (0.25 M KH2PO4 adjusted to pH 7.2 with

NaOH; Butterfield, 1932) with Stomacher 400 Circu-

lator for 3 min. Decimal dilutions were made into the

buffer dilution water. Aerobic mesophilic bacteria

were counted onto standard plate count agar (PCA)

incubated at 30F1 8C for 24–48 h (ICMSF, 1983).

Total coliforms were counted onto standard violet red

bile (VRB) agar incubated at 35F1 8C for 24–48 h

(ICMSF, 1983). Moulds and yeasts were counted onto

standard yeast extract–glucose–chloramphenicol

(YGC) agar incubated at 22–25 8C for 3–5 days

(ICMSF, 1983). Microbial counts were expressed as

colony-forming units per gram of honey (cfu/g).

2.4. Bacterial detection

Salmonella spp. was investigated according to a

modification of the standard method suggested by

the Bacteriological Analytical Manual (BAM, 2001).

For the pre-enrichment, 25 g was added to 225 mL of

Lactose broth (LB, pH=7.2F0.1) and cultures were

incubated at 35 8C for 24F2 h. The enrichment step

was performed onto both tetrathionate (TT, pH=

8.4F0.2) and selenite cystine (SC, pH=7F0.2)

broths incubated at 35F2 8C for 24F2 h. Isolations

were examined onto both media Hektoen enteric (HE)

and bismuth sulfite (BS) agars, after incubation at

35F2 8C for 24F2 h.

Shigella spp. were tested according to a modifica-

tion of the method suggested by Pascual Anderson

and Calderón Garcı́a (2000). For the enrichment step,

25 g of honey was mixed into 225 mL of broth for

Gram-negative bacteria (GN, pH=7.0F0.2). The cul-
tures were incubated at 35F2 8C for 16–18 h. Isola-

tions were examined onto Hektoen enteric (HE) agar

after incubation at 35F2 8C for 24–48 h.

Clostridium sulfite-reducers were tested as a modi

fication of the Pascual Anderson and Calderón Garcı́a

method (2000). A 5-mL aliquot from each homoge-

nate made for bacterial counts was thermally treated at

80 8C for 5 min. Then, 1-mL aliquots were added at

the bottom of tubes containing sulfite–polymixin–sul-

fadiazine (SPS) agar and the top of each culture was

cover with parafin. Cultures incubated at 46 8C and 35

8C under anaerobic conditions for 7 days were

checked for growth and gas production.

For P. larvae, honeys were processed according to

Hornitzky and Clark (1991). Each sample was diluted

1:2 (w/v) with phosphate-buffered saline (PBS, pH

7.2) and centrifuged at 3000�g for 45 min. The

supernatant was decanted leaving about 3 mL that

was mixed with the sediment. An aliquot of this

suspension was heated at 80 8C for 15 min and 100

AL spread onto MYPGP agar (Dingman and Stahly,

1983), containing: Muller–Hinton (10 g/L) broth,

yeast extract (15 g/L), K2HPO4 (3 g/L), sodium pyr-

uvate (1 g/L), agar (20 g/L), glucose (2 g/L). The

medium was supplemented, after sterilization, with 6

Ag/mL nalidixic acid and 10 Ag/mL pipemidic acid to

inhibit the growth of other Bacillus species. Plates

were incubated under microaerophilic conditions (8–

10% CO2) at 35F2 8C for 7 days. P. larvae pre-

sumptive colonies were initially identified by their

appearance on MYPGP agar, catalase test, Gram reac-

tion, and spores staining (Claus and Berkley, 1986).

Honeys were also examined for the presence of

other Bacillus species. From the suspensions heated at

80 8C for 15 min, a 100-AL aliquot was spread onto J-

agar (JA) (Alippi, 1995; Nordström and Fries, 1995),

composed of: tryptone (5 g/L), yeast extract (15 g/L),

K2HPO4 (3 g/L), agar (20 g/L), glucose (2g/L). Plates

were incubated at 35F2 8C for 46 h under aerobic

conditions. Colonies were identified by their morpho-

logical appearance in this medium, Gram reaction,

shape and position of spores.

The isolates were maintained both in MYPGP and

J-agar and characterized by: the ability to withstand

serial transfer in nutrient broth, Voges–Proskauer and

indole tests, nitrate reduction, starch hydrolysis and

mannitol utilization (Gordon et al., 1973; Priest et al.,

1988).
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2.5. Moisture content, pH and acidity measurements

Moisture content was determined using undiluted

samples. Solid or crystalline honeys were previously

heated in a water bath at 40 8C for melting. Refractive

index on transparent and translucent liquid samples

was determined using an Abbe refractometer at 20 8C
and the values recorded were converted to percent

moisture using a conversion table (Bianchi, 1984).

For pH measuring honey samples were diluted at

various concentrations, 1%, 5%, 10%, 25%, 50%,

75% (w/v), in CO2-free distilled water and the pH

value of full-strength honey (100%) was obtained by

extrapolation. A HANNA pH-meter (model HI 9321)

was used for pH measuring. Acidity content of sam-

ples was determined in a solution containing 10 g of

honey in 75 mL of CO2-free distilled water that was

tritated with a standard NaOH solution approximately

0.1 N (Bianchi, 1984).
3. Results

3.1. Antibacterial activity

For all honey samples no inhibition growth halo

was detected in honeys diluted to concentrations from

75% to 1% (w/v) of its full strength, indicating no

bacteriostatic and/or bactericidal effect on S. aureus

ATCC 25923.

3.2. Microbial counts

Among all the honey samples, aerobic mesophilic

bacteria were counted. For commercial and apiary

honeys counts were similar, with values that varied

between 30–1200 cfu/g and 60–1100 cfu/g, respec-

tively. For commercial honeys the mean count value

was 244 cfu/g while for apiary honeys it was about

500 cfu/g. The lowest mean value (223 cfu/g) was

obtained for bulk honeys that showed counts ranged

between 40 and 500 cfu/g. The largest count estimated

mesophilic bacteria (3�104 cfu/g) was found in a

commercial sample which also contained a total coli-

form level of 10 cfu/g.

Forty (57%) of the 70 honeys showed count values

equal to or lower than 470 cfu/g for moulds and yeasts

population. The lowest numbers were found in com-
mercial samples with counts ranged between 0 and

300 cfu/g, being the mean count about 34 cfu/g. In

apiary honeys the counts were found between 0 and

470 cfu/g with a mean value of 164 cfu/g. Bulk

honeys had the same range of counts as commercial

honeys; however, the mean count was about 100 cfu/

g. The incidence of moulds and yeasts for commer-

cial, apiary and bulk honeys were 47%, 59% and

70%, respectively.

3.3. Bacterial detection

Faecal coliforms, Escherichia coli, Salmonella

spp., Shigella spp. and Clostridium sulfite-reducers

were not detected in any of the 70 honeys studied.

P. larvae subspp. larvae was detected in commer-

cial, apiary and bulk honeys with an incidence of

17%, 60% and 10%, respectively. All apiary samples

taken from hives with clinical symptoms of AFB

disease were positive for P. larvae subspp. larvae

and of the 28 samples obtained from hives without

signs of AFB, 13 (35%) were positive for the bacter-

ium. This microorganism was not detected in 41% of

samples.

Sixteen of the seventy samples (23%) contained

Bacillus spp., being identified B. cereus, Bacillus

pumilus and Bacillus laterosporus. Six out of the

sixteen positive samples were from commercial hon-

eys, in which B. cereus, B. pumilus and B. lateros-

porus had an occurrence of 26%, 13% and 26%,

respectively. The remaining 9 samples corresponded

to apiary honeys, being B. cereus the sole species

isolated, with an incidence of 24%. From bulk honeys

Bacillus spp. had an incidence of 10%, being only

isolated B. cereus.

3.4. Moisture content, pH and acidity determinations

For commercial honeys moisture contents varied

from 15.8% to 21.4%, with a mean of 17.50%. pH

varied from 3.3 to 5.0 and acidity from 11.5 to 33 meq

NaOH/kg, being mean values 4.60 and 18.30 meq

NaOH/kg, respectively. Moisture content mean value

of apiary honeys was 17.40%, with values ranging

from 16.2% to 21.8%. In addition, pH and acidity

mean values were 4.10 and 20.60 meq NaOH/kg

varying from 3.4 to 4.6 and 12.3 to 32 meq NaOH/

kg, respectively. For bulk honey moisture content, pH
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and acidity mean values were 17.50%, 4.20 and 21

meq NaOH/kg, respectively.
4. Discussion

4.1. Antibacterial activity

Honeys have long been recognized for their anti-

microbial activity against bacteria, moulds and yeasts

with unique properties that render it bacteriostatic and

bactericidal. The high osmotic pressure, low water

activity, low pH, low redox potential of honey, hydro-

gen peroxide and other phytochemical factors might

contribute to the honey antimicrobial nature. Their

relative importance depend on the sensitivity of the

species and the level of additional factors in any

honey (Molan, 1992a,b).

In this study, previous to microbial counts and

bacterial detections honeys were diluted into buffer

dilution water or broth media. This dilution effect

would lead and activation to glucose-oxidase enzyme

that generates hydrogen peroxide, which generally is

the major antibacterial factor in honey. White et al.

(1963) found that the enzyme is practically inactive in

full-strength honey, it giving rise to hydrogen pero-

xide only when the honey is diluted. In addition its

activity is suppressed by the unfavourable pH in

ripened honey. The enzyme has an optimum pH of

6.1 with a good activity from 5.5 to 8, but the activity

drops off sharply below 5.5 (Molan, 1992a). Testing

for total antimicrobial activity indicated that none of

the honeys had an antimicrobial activity that could

affect the recovery of microorganisms after dilution in

buffer, or dilution and incubation in pre-enrichment

and enrichment broths.

4.2. Microbial counts

According to published data total aerobic viable

count values for honeys can range from 0 to several

thousand per gram. This variation in bacterial counts

may be due to the type of sample (raw, finished or

retailed), the freshness of the honey, the time of

harvest and the analytical techniques used (Snowdon

and Cliver, 1996). Nakano and Sakaguchi (1991)

tested 270 honey samples from retail outlets in

Japan, and recorded a mean aerobic viable count of
83 cfu/g and, from 35 honey samples of international

origin these authors reported viable counts from 0 to

72 cfu/g, with a mean value of 24 cfu/g. From 175

samples of commercial honey from different geogra-

phical regions of France, Tysset and Rousseau (1981)

found a mean value for viable counts to be 227 cfu/g,

with values that varied from 3 to 9500 cfu/g. In our

study mean value was closer than those obtained by

Tysset and Rousseau (1981), whereas the distribution

of our counts was lower (30 to 1200 cfu/g). Tysset et

al. (1970) tested 14 samples of freshly harvested

French honey and found that viable counts ranged

from 25 to 1600 cfu/g, with a mean count below

100 cfu/g. Moreover, from these samples E. coli,

Enterococcus, sulfite-reducers or Staphylococcus

were not detected. These values were reported within

the range of current industry experience where the

bacterial levels of finished honeys range from 1 to

5000 cfu/g, although viable counts of finished pro-

ducts reported in informal industry ranges between

104 and 105 cfu/g and viable counts in raw products

can also reach 104–105 cfu/g (Snowdon and Cliver,

1996). Lower total aerobic counts were reported by

Piana et al. (1991) who found numbers varying from 1

to 55 cfu/g. The apiary honeys studied here had

similar numbers to those reported by Tysset et al.

(1970).

There are few reports that quantify the levels of

moulds and yeasts in honey. Among 50 Italian honeys

Piana et al. (1991) found moulds at levels ranging

from 1 to 43 cfu/g. Moreover, 34 out of 50 samples

contained primarily osmophilic yeasts in the range of

1 to 3500 cfu/g, while yeasts ranged from 1 to 200

cfu/g. In 14 French honeys Tysset et al. (1970) found

mean counts of yeasts and moulds of 254 cfu/g, with

values that varied from 0 to 2500 cfu/g. In 175

honeys, Tysset and Rousseau (1981) found that counts

of moulds and yeasts also varied from 0 to 2500 cfu/g,

whereas the mean count was 90 cfu/g. Nakano and

Sakaguchi (1991) reported, for 35 out of 270 retail

honey samples, a yeast mean count of 9 cfu/g, which

varied from 0 to 300 cfu/g. In addition, Root (1983)

showed among 320 Canadian honeys that yeasts and

moulds were present at levels as low as 1 in 10 g and

as high as 106 spores per gram. Rall et al. (2003)

found an incidence of 64% of mould and yeasts in

industrial and domestic production honeys with

counts ranged from absence to 1.5�105 cfu/g. In
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our study, moulds and yeasts counts for commercial

and bulk honeys were less than 300 cfu/g, whereas for

apiary honeys we found a higher incidence for moulds

and yeasts. However, for the total of samples ana-

lyzed, moulds and yeasts counts varied in a shorter

range than those reported by Tysset et al. (1970), and

Tysset and Rousseau (1981).

Enumeration of moulds and yeasts provides infor-

mation on the quality of honeys as well as shelf life

and spoilage potential as a high yeast count, increased

moisture, moderate temperatures and granulation

encourages fermentation (Snowdon and Cliver,

1996). In our study, numbers of yeast and moulds

among commercial and bulk samples were similar to

freshly harvested honeys indicating that these micro-

organisms in commercial and bulk honeys have not

grown during storage.

4.3. Bacterial detection

Some of the microorganisms reported to be asso-

ciated with bees include Bacillus, Clostridium, E.

coli, Enterobacter, Klebsiella, Proteus, etc., and

many of these have been found in honey. Studies on

survival of some Salmonella species or another vege-

tative pathogenic organisms, which are not normally

present in honey, had been reported. Nevertheless, the

incidence of these microorganisms is variable, as is

the prevalence of species into these genera (Snowdon

and Cliver, 1996).

Our results agree with those obtained by Tysset et

al. (1970), Aureli et al. (1983), Piana et al. (1991) and

Delmas et al. (1994) in that C. perfringes or C.

botulinum was not found in any sample tested. How-

ever, Piana et al. (1991) also found unidentified anae-

robic spores in 22 out of 50 samples tested at levels

between 0.1 and 1 cfu/g. Furthermore C. botulinum

spores have been found in Argentinean honeys (de

Centorbi et al., 1997; Centorbi et al., 1999; Monetto et

al., 1999) and some reports have shown a variable

incidence of botulinal spores in apiary, drum, retail

package samples (Sugiyama et al., 1978; Huhtanen et

al., 1981). Rall et al. (2003) reported C. botulinum in

the 3% of industrialized and domestic honeys, but

total coliforms, Salmonella spp., Shigella spp. were

not found in any sample.

In our study, apiary honeys showed a higher inci-

dence for P. larvae subspp. larvae than those reported
by Alippi (1995) who found 8% of the positive sam-

ples for the bacterium. On the other hand, Lauro et al.

(2003) studied 56 honey samples by both cultural and

PCR methods, being P. larvae detected in 57% and

91% of samples, respectively. In this study, the occur-

rence of P. larvae subspp. larvae in apiary honeys is

not directly related to the presence of AFB clinical

symptoms. Thus, from those hives without signs of

AFB the presence of the microorganism spores was

demonstrated at low levels. Spores could be spread

into hives by robber bees or inadequate beekeeping

practices. The high prevalence (60%) of P. larvae

subspp. larvae in apiary honeys shows widespread

distribution of this microorganism among honey

combs.

Studies by Tysset et al. (1970) on qualitative exam-

ination of the organisms recovered on viable count

plates from 12 samples of French honey showed the

presence of microorganisms such as Bacillus, Brevi-

bacterium, Enterobacter, Micrococcus and Pseudo-

monas with the most common isolates being B.

cereus and B. pumilus. On the other hand, Piana et

al. (1991) found B. cereus spores in 24 of 50 samples

tested. Moreover, Kokubo et al. (1984) found spores

in 67 out of 71 honey samples from processing plants

and retailers. Most of the spores belonged to the

Bacillus genus, B. cereus being the predominant spe-

cies. Other species identified included Bacillus coa-

gulans, Bacillus megaterium and Bacillus alvei. On

the other hand, in Argentinean commercial honeys, B.

cereus was detected in 78% of the samples with

values lower than 10.000 spores/kg (Monetto et al.,

1999). In our study the prevalence of B. cereus was

lower than that reported by these researches with 16

of 70 samples positive for the microorganism.

According to our findings the distribution of Bacillus

spp. was similar for commercial and apiary honeys.

The lowest incidence in bulk honey may be due to the

mixing of samples from different beekeepers causing

a dilution of honey with uneven distribution of the

microorganisms.

4.4. Moisture content, pH and acidity determinations

Anupama et al. (2003) reported moisture content

varying from 17% to 22.6%, acidity expressed as

formic acid from 0.03 to 0.15 and pH from 3.62 to

5.46 for commercial Indian honeys. da Azeredo et al.
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(2003) for monofloral and heterofloral honeys have

obtained values below 20% for moisture content. In

heterofloral honeys moisture varied from 18.59% to

19.25%. Besides, the range of acidity values varied

from 28.2 to 39.5 meq/kg being higher than the range

obtained in our study for honeys from both apiaries

and commerce. pH values ranged from 3.20 to 3.84.

Yeast and mould contamination of honey is una-

voidable, since bees collect them together with the

nectar. However, the water activity of ripened honey

is too low to support the growth of any species, and no

fermentation occurs if the water content is below

17.1% (w/v). For moisture contents between 17.1%

and 20% (w/v) the product stability will depend on the

microbial content, at more than 20% (w/v) osmophilic

yeasts may develop (Molan, 1992a; Tosi et al., 2004).

In our study some honeys showed moisture contents

higher than 20% (w/v). However, no samples with

remaining liquid phase, in which the water content

becomes greater than the original honey representing

a potential spoilage, were observed. The acidity and

pH of honeys would have implications for its micro-

bial ecology. However, studies in which acidity was

taken into account found no correlation between anti-

bacterial activity and the pH of honeys studied.
5. Conclusion

The microbiological and some physico-chemical

characteristics of Argentinean polyfloral honeys

from different sources, commercial, harvested from

apiaries and purchased in bulk containers, were deter-

mined to provide information on their level and pre-

valence depending on the source. Numbers of aerobic,

mesophilic bacteria, moulds and yeasts identified

among the honey samples from different sources

were similar, with count values less than 103 cfu/g.

Persistent microorganisms recovered were moulds,

yeasts and spore-forming bacilli each of which is

adapted to survive in the physico-chemical environ-

ment of honey with consistently low numbers sug-

gesting that growth is severally restricted. P. larvae,

the agent of American foulbrood disease, was recov-

ered from 35% of apiary honeys including those from

hives not displaying symptoms of the disease. The

methods used in this study to detect P. larvae are

suitable for routine monitoring for this pathogen and
the implementation of measures to prevent the disease

which usually progress to the extinction of hives.
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