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Abstract 

Honey is usually contaminated with numerous microorganisms. Especially, the presence of 

the spore of Clostridium in honey is dangerous to infants and small children. To determine the 

effect of a gamma irradiation on the microorganisms in honey, four kinds of honeys (acacia 

flower, polyfloral flower, native A, and native B) were irradiated (0, 5, and 10 kGy) and the 

total aerobic bacterial count, yeasts and molds, coliform, and Clostridium spp. were detected. 

In all the honeys, the coliform bacterial, yeast and molds counts were below  

The limit of detection (< 101 cfu/g). Total aerobic bacterial and Clostridium spp counts ranged 

from 85 to 450 cfu/g and 0 to 450 cfu/g in the samples respectively. Acacia and polyfloral 

flower honey were completely sterilized by a 5 kGy irradiation, and both the native honey A 

and B showed decreased populations of the total aerobic bacteria and Clostridium spp. with a 

5 kGy irradiation. Therefore it is concluded that an irradiation treatment could be an effective 

tool to disinfect honey. 
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1. Introduction 

Honey, the nectar and sweet deposits from plants as gathered, modified and stored in the 

honeycomb by honey bees, is a popular sweetener. Honey is usually contaminated with 

numerous microorganisms (Migdał et al., 2000). Osmophilic yeast such as Saccharomyces, 

Schizosaccharomyces and Torula predominate over microflora. In honey, aerobic Bacillus and 

anaerobic Clostridium spores as well as spores and small fragments of moulds may appear 
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(Frazier and Westhoff, 1978; White, 1976; Zander and Koch, 1975). The presence of the 

spores of Clostridium is especially fatal to infants and small children who do not have fully 

developed immunological systems. These bacteria also cause a problem if the honey is 

applied for a therapeutic purpose. For instance, honey may provoke an alimentary infection or 

contaminate wounds. Osmophlic yeasts, in turn, may initiate a fermentation of the honey 

(Migdał et al., 2000).  

Irradiation is known to be the most effective method for the control of potentially 

pathogenic microorganisms in raw meat (Gants, 1998). Because of the effectiveness of an 

irradiation in controlling common foodborne pathogens, in treating packaged food, and 

thereby minimizing the possibility of a cross-contamination prior to consumer use, most food 

safety officials and scientists consider an irradiation as an effective critical control point 

(CCP) in a Hazard Analysis and Critical Control Points (HACCP) system established for meat 

and poultry processing (Satin, 2002). The objective of the present study is to demonstrate the 

efficacy of an irradiation treatment for a decontamination of the microorganisms in different 

kinds of honeys.  

 

2. Materials and Methods 

Sample preparation and irradiation 

Four different kinds of honeys (acacia flower, polyfloral flower, and 2 native honey) 

were purchased from a local market. The honeys in a sterilized 50 mL tube were irradiated in 

a cobalt-60 irradiator (point source, AECL, IR-79, Nordion, Canada) with 0, 5, and 10 kGy 

absorbed doses. The source strength was approximately 100 kCi with a dose rate of 70 

Gy/min at 15 ± 0.5℃. Dosimetry was performed using 5 mm diameter alanine dosimeters 

(Bruker Instruments, Rheinstetten, Germany), and the free radical signal was measured using 

a Bruker EMS 104 EPR Analyzer. The actual doses were within ± 2% of the target dose. 

Samples were turned 360°continuously during their time in the irradiation chamber to have 

the same environmental temperature effect for all the irradiated samples.  
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Microbiological analysis 

The irradiated sample (1g) was aseptically homogenized for 2 min in a sterile stomacher 

bag containing 9 mL of sterile peptone water using a stomacher lab blender (Model 400, 

Tekmar Co., Cincinnati, Ohio, USA). The total aerobic bacterial, yeasts and molds, coliform 

bacteria and Clostridium spp. counts were enumerated on plate count agar (Difco 

Laboratories, Detroit, Michigan, USA), potato dextrose agar (Difco), violet red bile agar 

(Oxoid, Basingstoke, Hampshire, UK), and reinforced clostridial agar (Oxoid), repectively. 

Clostridium spp. was cultured in a vacuum packaged with an oxygen-absorber (Self initial 

reaction type, 1000 cc, TPG Co. Ltd., Kyung gi-do, Korea) using oxygen-impermeable 

polyethylene bags (2mL O2/m2/24h at 0�, 0.09 mm thickness; Sunkyung Co. Ltd., Seoul, 

Korea). All of the plates were incubated at 37� for 48h except for the potato dextrose agar 

(30�) and the experiments with each bacteria culture were conducted independently, twice. 

 

3. Results and Discussion 

The effect of an irradiation on the microbiological decontamination of four different 

kinds of honeys is shown in Table 1-4. In all the honeys, the coliform bacterial, yeasts and 

molds counts were below the limit of detection. Snowdon and Cliver (1996) in a review of the 

literature found that vegetative forms of pathogenic bacteria have never been found in honey; 

if introduced from a secondary source, they can survive in honey for extended periods of time, 

particularly at cool temperatures. French researchers studying 175 honey samples found an 

aveage of 90 yeasts and molds cfu/g with a range of 0 to 2500 (Tysset and Rousseau, 1981). 

Tysset et al. (1970) reported the yeasts and molds can be expected to be found in honey on a 

regular basis, but that the levels can be controlled by standard industry practices. In addition, 

the authors commented that the coliform counts are an indicator of the sanitary practices. 

Since a fecal contamination of honey has not been reported and the growth of any associated 

microbes does not appear possible, an assay for coliforms could also be used as a general 

indicator of the fecal contamination as well as the sanitation level.  
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The acacia flower honey showed the lowest level of total aerobic bacteria while the 

native honey B showed the highest level of total aerobic bacteria from 85 to 450 cfu/g. Tyseet 

and Rousseau (1981) examined 175 honey samples from different regions of France and 

found a mean total plate count of 227 cfu/g. Thirty-five retail honey samples of international 

origins were found to contain a range of 0-72 and a mean of 24 cfu/g (Nakano and Sakaguchi, 

1991). Tysset et al. (1970) reported that honey with fairly high standard plate counts (10,000 

cfu/g) could be acceptable if other microbial criteria (e.g., indicating presence of yeast or 

freedom from fecal contamination) were satified. 

In this study, Clostridium spp. was detected from 0 to 450 cfu/g in the samples. The 

spores of bacteria in the genera Bacillus and Clostridium can be expected to be found in 

honey (Snowdon and Cliver ,1996). Tysset et al. (1970) also looked for spores of Clostridium, 

but found none in any of their 14 samples. From 1 to 132 anaerobic microbes (likely to be 

Clostridium) were found in 35 retail samples of honey (Nakano and Sakaguchi, 1991). 

Foodborne botulism is a severe type of food poisoning caused by the ingestion of foods 

containing a potent neurotoxin formed during the growth of C. botulinum and honey has been 

identified as a dietary risk factor for infant botulism and as a natural reservoir of C. botulinum 

type A and B spores. (Solomon and Lilly, 2001).  

Acacia and polyfloral flower honeys were completely sterilized by a 5 kGy irradiation. 

On the other hand, both native honeys A and B showed decreased populations of the total 

aerobic bacteria and Clostridium spp. with a 5 kGy irradiation even if the 10 kGy irradiation 

did not inactivate completely the total aerobic bacteria of the native honey B. Vegetative 

bacteria which are much more radiation-resistant were found. Many of them are closely 

related Gram-negative to Gram-variable, non-sporeforming bacteria designated Moraxella-

Acinetobacter which showed a range of D10-values of 2.73-20.4 kGy (Welch and Maxcy, 

1975). In general, the spores are highly resistant to a radiation, heat and chemicals. C. 

botulinum type A and B spores are apparently the most resistant and thus of greatest concern 

in the radiation sterilization of food (WHO, 1999). In conclusion, coliform bacteria and yeasts 
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and molds were not detected in all the honeys, and the total aerobic bacteria and Clostridium 

spp. were decreased by an irradiation. Therefore an irradiation could be an effective tool to 

sanitize honey. 
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Table 1. Decontamination of the microorganisms in acacia flower honey by a gamma 
irradiation 

 

Irradiation dose 
(kGy) 

Total aerobic 
bacteria 

Coliform 
bacteria Yeast and Mold Clostridium 

spp. 

0 85 ± 7.07a NDb ND ND 

5 ND ND ND ND 

10 ND ND ND ND 
aMean ± standard deviation (n=2). 
bViable colony was not detected at detection limit ≤101 cfu/g. 
 
 
 
Table 2. Decontamination of the microorganisms in polyfloral flower honey by a gamma 
irradiation 

 

Irradiation dose 
(kGy) 

Total aerobic 
bacteria 

Coliform 
bacteria Yeast and Mold Clostridium 

spp. 

0 250 ± 14.14a NDb ND 450 ± 141.42 

5 ND ND ND ND 

10 ND ND ND ND 

aMean ± standard deviation (n=2). 
bViable colony was not detected at detection limit ≤101 cfu/g. 
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Table 3. Decontamination of the microorganisms in native honey A by a gamma irradiation 

 

Irradiation dose 
(kGy) 

Total aerobic 
bacteria 

Coliform 
bacteria Yeast and Mold Clostridium 

spp. 

0 220 ± 14.14a NDb ND 130 ± 28.28 

5 20 ± 14.14 ND ND 25 ± 1.21 

10 ND ND ND ND 

aMean ± standard deviation (n=2). 
bViable colony was not detected at detection limit ≤101 cfu/g. 
 
 
 
Table 4. Decontamination of the microorganisms in native honey B by a gamma irradiation 

 

Irradiation dose 
(kGy) 

Total aerobic 
bacteria 

Coliform 
bacteria Yeast and Mold Clostridium 

spp. 

0 450 ± 70.71a NDb ND 210 ± 0.01 

5 70 ± 28.28 ND ND 100 ± 28.28 

10 35 ± 7.07 ND ND ND 

aMean ± standard deviation (n=2). 
bViable colony was not detected at detection limit ≤101 cfu/g. 


