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Abstract

This study investigated the effect of low dose γ-irradiation on the damage of the cell envelopes and antibiotic sensitivity

profiles of Bacillus cereus, Escherichia coli, and Salmonella Typhimurium. The bacteria suspension in tryptic soy broth was

exposed to the γ-irradiation doses of 0, 1, 1.5, 3, and 5 kGy, and then stored at 0oC for 24 h. A viability test, an antimicrobial

sensitivity profile, and an electron microscopy were performed to observe the effects due to γ-irradiation treatment. B.

cereus could survive the γ-irradiation up to 5 kGy while E. coli and S. Typhimurium were all deactivated at 1.5 kGy and 5

kGy, respectively. At 5 kGy, the cell count of B. cereus was significantly reduced, and the survived bacteria cells retained

their important features. There were no significant changes observed in the antimicrobial sensitivity profile (p>0.05) for the

recovered bacteria after irradiation treatment. Low dose γ-irradiation below 3 kGy was found to be insufficient to achieve

decontamination of B. cereus and S. Typhimurium. Cell envelope damage and deactivation of different bacteria did not

occur in the same manner; thus, deferent doses of γ-irradiation may be required for deactivation of different bacteria. 

Key words: γ-irradiation, cell envelop damage, antibiotic resistance, Bacillus cereus, Escherichia coli, Salmonella Typh-
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Introduction

Salmonella Typhimurium is a gram negative motile fac-

ultative anaerobic rods, it is responsible for typhoid fever

and other Salmonella infections in human and animals. It

is transmitted to human through ingestion of contami-

nated water and food (Halablab et al., 2011; Johnston et

al., 2005; Kim et al., 2004). Investigations of the out-

breaks due to Salmonella lead to the identification of the

possible root cause to be food of animal origin (Andrews

and Baumler, 2005). It has been reported that S. Typh-

imurium has been frequently isolated from food of animal

origin such as beef carcasses, chicken and raw ground

beef in USA (Schlosser et al., 2000). Bryan and Doyle

(1995) and D’Aoust (1997) reported that among the foods

of animal origin, chicken and other poultry products are

leading as the vehicle in the transmission of S. Typhimu-

rium to human. These vertebrates which are common res-

ervoir could have acquired the bacterium though con-

taminated feeds and water. Therefore, proper methods to

eliminate bacteria in the animal feed and subsequent food

of animal origin are necessary to avert future food borne

diseases outbreaks.

Escherichia coli is a gram negative motile non spore

forming rods, it is facultative anaerobe capable of grow-

ing optimally at 37oC. E. coli is a common inhabitant of

the gastrointestinal tract of human and animals, patho-

genic strains have been reported as contaminants in ani-

mal feeds, food of animal origin and land produces. Beef

and pork carcasses are prone to contamination by E. coli

during slaughtering (Smith and Fratamico, 2005). E. coli

infections in human are generally caused by ingestion of

contaminated food, to prevent this from happening food

manufacturing and food handlers must work hard to elim-

inate possible entry point of this bacterium in to the food

chain. Also, a thorough decontamination method should

be used to minimize microbial load in food of animal ori-
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gin, which are prone to be contaminated with E. coli.

Bacillus cereus is a gram positive endospore forming

facultative anaerobic rod and it is a common soil inhabit-

ant, which is capable of growing at temperature ranging

between 10-50oC (Sutherland et al., 1996). This capacity

to grow in refrigeration temperature and ability to pro-

duce endospore enables the bacterium to withstand cook-

ing temperature for undercooked meat and other food

products of animal origin or poorly handled food such as

rice after cooking. B. cereus has been isolated from vari-

ety of food products of animal origin (Granum and Lund,

1997; Kramer and Gilbert, 2005) B. cereus spores are

capable of remaining viable in the dried food throughout

the shelf life period and therefore food disinfection proce-

dure should take into account the ability of this bacterium

to overcome stressful conditions. B. cereus produces en-

terotoxin that causes emetic and diarrhea type food poi-

soning illness (Kotiranta et al., 2000). Recently, it has

been reported that the emetic and diarrhea type of food

poisoning in Korea was due to B. cereus (Kim et al., 2010).

Gamma irradiation has been used for a length of time

as a mean to efficiently sanitize food, medical devices,

reagents and many other products that are vulnerable to

high temperature treatment (Mendonca et al., 2004; Song

et al., 2009; WHO/FAO, 1991). The mechanism of action

of ionizing radiation to deactivate bacteria is by damage

imposed on DNA (Spotheim-Maurizot and Davídková,

2011). It is now recognized that irradiation is an effective

method for inactivating microorganisms and parasites in

foods. Low dose γ-irradiation has a distinct advantage

that it has little interference with the nutritional quality

and general appearance of food to be sanitized. The Joint

committee of the FAO/IAEA/WHO recommended the

use of γ-irradiation doses up to 10 kGy in food decontam-

ination (FAO/IAEA/WHO, 1997). Irradiation doses above

5 kGy have negative impact on the quality of fruits and

fresh vegetable, also the possibility of lipid oxidation in

food of animal origin including beef and chicken is likely

to occur and therefore use of low doses in these products

is recommended. Various efforts have been made to es-

tablish the efficacy of low dose γ-irradiation in food sani-

tation (Kim et al., 2010; Moini et al., 2009; Trigo et al.,

2009), however; the effect of low doses γ-irradiation on

the bacteria cell envelope is least studied, thus it is one of

the areas this study will focus on.

The use of antibiotics for therapeutic purposes as well

as prevention of animal infections has been practiced for

long time worldwide (Frappaolo and Guest, 1986). In

Kiser (1976) reported the common practices of using anti-

biotic for therapeutic as well as incorporation of sub ther-

apeutic concentration in animal feed in USA. In the long

run of such practice of antibiotic uses, common bacteria

were developing resistance to antibiotics. As the results,

potent and efficacious antibiotics used in therapeutic pur-

poses in human and animal infections became less effica-

cious (Kunin, 1993). The effect of γ-irradiation on the

antibiotic sensitivity profile of foodborne pathogens is

one of the area least reported thus this study will focus on

establishment of this relationship. Research findings have

indicated the potential of using low doses of irradiation

with immediate storage at cold temperature to eliminate

foodborne pathogens (Jo et al., 2004; Lefebvre et al.,

1992; Nortejè et al., 2006). Therefore, the objectives of

this study were to establish the effect of low dose γ-irra-

diation on the fate of B. cereus, S. Typhimurium and E.

coli in terms of viability, damage to the cell envelop and

antimicrobial sensitivity profile. 

Materials and Methods

Inoculums preparation

Stock cultures of B. cereus KCCM 40138, E. coli

KCCM 11264 and S. Typhimurium ATCC 43174 in glyc-

erine:tryptic soy broth (TSB), contained in cryovials were

frozen and stored at -70oC until studied. A hundred µL of

cryovial content for each bacteria stock culture was asep-

tically inoculated into 10 mL of sterile TSB and incu-

bated at 37oC for 24 h in a shaking incubator at 150 rpm.

One mL of the cultures were sub-cultured into 120 mL of

sterile TSB and incubated at 37oC for 18 h in a shaking

incubator at 150 rpm. After incubation, 10 mL of each

bacterial suspension were transferred into 15-mL sterile

conical tubes and immediately placed on ice. The concen-

tration of the suspension was determined by serial dilu-

tion in 0.85% NaCl and standard plate count method

using tryptic soy agar (TSA). The TSA plates were incu-

bated at 37oC for 24 h and bacteria cell count was deter-

mined. 

Irradiation procedure 

Ten milliliters of bacteria suspensions from overnight

culture corresponding to 7.2, 9.1, and 9.7 log CFU/mL of

B. cereus, E. coli and S. Typhimurium respectively in 15

mL caped sterile conical tubes and placed on ice were

prepared for irradiation. The irradiation process was car-

ried out at Korea Atomic Energy Research Institute -

Advanced Radiation Technology Institute (KAERI-ARTI)

in Korea. Low level Gamma radiator (MDS Nordion
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Canada) using cobalt Co-60 was used as a source of radi-

ation to produce radiation doses of 0, 1, 1.5, 3, and 5 kGy.

After γ-irradiation, portion of the samples were used for

electron microscopy and viability test. The rest of irradi-

ated bacteria suspension samples were stored at 0oC for

24 h.

Determination of viable bacteria cells immediately

after γ-irradiation and at 24 h during storage at 0oC

The viability of each bacteria suspension exposed to

different doses of γ-irradiation was determined by plate

count method. Briefly, 1 mL of each suspension was 10-

fold serially diluted with 0.85% NaCl. One mL of each

dilution was plated onto sterile TSA plates and incubated

at 37oC for 24 h to determine the viable count of the bac-

teria. At 24 h during storage at 0oC, the viability of each

bacteria suspension was again determined by plate count

method as described above. The viable cell counts of irra-

diated bacteria at 24 h during storage at 0oC were thus

compared with the cell count non irradiated bacteria treat-

ed in the same conditions (control). The results of these

were again compared with the viability of the bacteria

immediately after irradiation to establish the effect of cold

temperature storage after irradiation. All determinations

were performed in triplicates, mean and standard devia-

tion were calculated.

Analysis of damage to cell envelope by scanning

electron microscopy (SEM)

The samples were prepared using a method reported by

Shin et al. (2007) with some slight modifications. Briefly,

1 mL of each of B. cereus, E. coli and S. Typhimurium

suspensions separately irradiated at 0, 1, 1.5, 3, and 5

kGy were lightly centrifuged for few second to settle the

cells. Two hundred and fifty µL of the supernatant was

aseptically removed, and equal volume of 3% gultaralde-

hyde was added and mixed well by inverting the polypro-

pylene microcentrifuge tube slowly to avoid further cell

disintegration of the bacteria cell membrane. The mixture

was kept on ice for an hour to allow fixing and then cen-

trifuged to obtain pellet, the supernatant discarded. The

pellets were washed twice and then dehydrated sequen-

tially twice at each step for 15 min on ice with 1 mL of

50, 60, 70, 80, 90, and 100% ethanol. Finally, the pellet

was re-suspended in 300 µL of 100% acetone. Small

amount of bacteria suspension in acetone was mounted

onto microscopic slide and allowed to dry and was then

coated with osmium derived from osmium tetraoxide using

coating machine (Osmium Plasma Coater, Japan). The imag-

ing was performed using scanning electron microscope

(FESEM, JEOL JSM-6701F, Japan).

Determination of the changes in antibiotic sensitiv-

ity profile

The antibiotic sensitivity test was conducted on ten

antibiotics (Oxoid Ltd Basingstoke, Hants-UK) listed

below were selected to establish the effect of irradiation

on antibacterial sensitivity profile; (amoxicillin 25, neo-

mycin 30, ciprofloxacin10, vancomycin 30, novobiocin

30, gentamicin 30, oxacillin1, erythromycin 30, rifampi-

cin 30 and ampicillin 25) µg respectively. This test was

performed on bacteria which survived the irradiation and

storage at 0oC using modified standard protocol previ-

ously reported by Bauer et al. (1966). Briefly, the irradi-

ated and recovered bacteria were cultured in TSB at 37oC

for 18 h, the cells were centrifuged and washed twice

with phosphate buffered saline in sterile and re-suspended

to obtain a concentration equivalent to 0.5 McFarland and

spread on sterile dry Muller Heckton agar in 87 mm

diameter and 15 mm depth sterile petri dishes. Fixed con-

centration for each antibiotic was used on both irradiated

and non irradiated bacteria cells. Antibiotic discs were

carefully placed on top of uniformly inoculated media

and allowed to stand for 1 h at room temperature to allow

diffusion of the antibiotic from disc to the bacterial

media. The plates were then incubated at 37oC for 24 h.

The zones of inhibition were measured and the antibacte-

rial sensitivity profile were thus established by comparing

irradiated and non-irradiated (control). All determinations

were performed in triplicates and the mean diameter of

zone of inhibition with standard deviation determined.

Statistical analysis

Bacterial cell counts for the storage time and irradiation

dose were analyzed by the general linear regression pro-

cedure of SAS® version 9.2 (SAS Institute, USA). All

least squares mean comparisons in the two-way interac-

tion (storage day × irradiation dose) were performed with

the pairwise t-test at alpha = 0.05.

Results

Determination of viable bacteria cells immediately

after γ-irradiation 

To establish the effect of γ-irradiation on viability of

bacteria in the selected medium, viable cell count was

determined immediately after irradiation. The γ-irradia-

tion has resulted to a decrease in viable cell counts. The
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rate of decrease in bacteria viable cell count was found to

be not uniform to all types of bacteria at the same γ-irra-

diation dose (Figs. 1-3). B. cereus and S. Typhimurium

tolerated the irradiation more than 3 kGy, S. Typhimu-

rium were all deactivated by 5 kGy while B. cereus

retained viability up to 5 kGy. The viable cell count of B.

cereus was reduced significantly reduced from 7.2-2.1

log CFU/mL (p<0.05).

γ-Irradiation at 5 kGy could not completely eliminate

B. cereus and therefore food spoilage and risk of food

borne illness remain unless the food is stored in condition

which will further suppress bacterial growth at all prior to

consumption. Since the irradiation of bacteria was done

in absence of food matrix the bacterial survival observed

at 5 kGy dose may therefore be regarded as tolerance to

low dose γ-irradiation. Furthermore, the bacteria medium

used and growth condition does not support spore forma-

tion, hence it can be assumed that the observed effect was

on vegetative cells therefore this tolerance may be regard-

ed as resistance and it is assumed to be higher in presence

of food or any other matrix. There was no viable E. coli

immediately after irradiation at 1.5 kGy. The viability

data are the mean of the triplicate and standard deviation.

Determination of viable bacteria cells during 24 h

storage at 0oC following γ-irradiation

To determine if storage at cold temperature synergisti-

cally contribute to deactivation of partially deactivated

bacterial cell by g irradiation, viable cell count were

determined at 24 h during storage at 0oC after irradiation.

The Storage of irradiated bacteria at 0oC for 24 h did not

have a negative effect on viable cell count in all bacteria

in this study (Figs. 1-3). E. coli was initially deactivated

at 1.5 kGy but after subsequent storage at 0oC for 24 h,

there was significant recovery (p<0.05) of bacteria from

the irradiation shock with viable count up to a viability of

2.323±0.001 log CFU/mL (Fig. 2). The storage at 0oC did

not put up additional stress to the partially deactivated E.

coli cells after γ-irradiation at 1.5 kGy to repair from irra-

diation damage.

This finding report the damage due to irradiation and

quick and efficient repair mechanism in E. coli irradiated

at 1.5 and S. Typhimurium irradiated with 5 kGy in which

viable cell count immediately after irradiation were zero

but after subsequent storage at 0oC for 24 h, up to 2.534

±0.076 log CFU/mL recovered (Fig. 3). Significance of

cold storage for contaminated read to eat food irradiated

with low dose remains only as a means to prevent further

multiplication of existing bacteria but does not compli-

ment disinfection. 

Analysis of damage to cell envelop by scanning

electron microscopy 

To determine the damage on cell envelope due to γ-irra-

diation, scanning electron microscopy imaging was per-

formed on irradiated and non irradiated (control) bacteria

cells. The image obtained reveals irradiated cells releas-

ing their cellular constituents due to perforation of the

cell envelope resulting into deformation in cell structure.

B. cereus showed unique features in which some cells

Fig. 1. Viability of B. cereus, immediately after irradiation

and at 24 h during storage at 0oC.

Fig. 2. Viability of E. coli immediately after irradiation and

at 24 h during storage at 0oC.

Fig. 3. Viability of S. Typhimurium immediately after irradi-

ation and at 24 h during storage at 0oC.
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irradiated at 5 kGy showed a mixture of intact cells which

retained shape while some dying cells released cellular

constituent and develop groove at the center (Fig. 4). E.

coli cells envelope were observed to be highly damaged

at 1.5 kGy (Fig. 5) while S. Typhimurium irradiated at 5

kGy were observed to attain collapsed shaped after

releasing their cellular constituent. The mechanism that

led to higher vulnerability of only some cells at the same

irradiation dose is still not clear.

Determination of the changes in antibiotic sensitiv-

ity profile 

In order to establish whether the irradiated bacteria

retained key features, the antibiotic sensitivity test was

performed on irradiated but recovered and non irradiated

(control) cells. The zones of inhibition of antibiotics to

the growing bacteria before γ-irradiation and bacteria

recovered after γ-irradiation were found to be similar.

This trend was observed in all antibiotics selected for this

study implying that, low dose γ-irradiation did not have

any effect toward the antibiotics sensitivity of B. cereus,

E. coli and S. Typhimurium. Since the antimicrobial sen-

sitivity pattern was found to be similar before and after

irradiation for the recovered cells, it may support the fact

that, much of the key features were retained by the sur-

vived bacteria after exposure to low dose γ-irradiation. It

is therefore reported from this study that low dose γ-irra-

diation below 5 kGy does not alter the antibiotic sensitiv-

ity or virulence of bacteria. Hence the use of low dose γ-

irradiation for deactivation of pathogenic bacteria may

imply that the food borne diseases outbreak threats and

associated risks remain. 

Discussion

Number of studies has been conducted to emphasize

the usefulness of γ-irradiation as one of the best methods

to ensure proper food sanitation (Grant and Patterson,

1992; Nortej`e et al., 2006). B. cereus, S. Typhimurium

and E. coli have been identified as contaminants respon-

sible for many microbial food borne associated diseases

(Frederick and Huda, 2011; Hanning et al., 2009; Heaton

and Jones, 2008; Nguz et al., 2005). The use of low dose

irradiation to sanitize ready-to-eat food is recently been

recommended as an efficient means to ensure food safety

(Chung et al., 2007; Grant and Patterson, 1992; Jo et al.,

2004; Lee et al., 2006; Song et al., 2006).

Since γ-irradiation can be used to sanitize food in the

final container after packing, it offers no more room for

new contamination during transportation and distribution.

However, according to this research findings among the

bacteria studied, only E. coli were eliminated at γ-irradia-

tion below 3 kGy. Findings in this study also are in agree-

ment with findings by Youssef et al. 2002; Chung et al.,

2007 and Lee et al., 2006 that, E. coli is the most γ-irra-

diation sensitive and could be deactivated with less than 3

kGy. Since ready-to-eat food such as vegetable and fruits

are destroyed when irradiated at doses above 5 kGy

(WHO/FAO, 1991), this study suggest that low dose irra-

diation does not offer the intended protection against

pathogenic bacteria especial with S. Typhimurium and B.

cereus. Our results were obtained in absence of food

matrix and thus the irradiation effect on these pathogens

Fig. 4. Scanning electron microscopy images of B. cereus (A)

intact (B) irradiated at 5 kGy; deformed cells are indi-

cated with arrows.

Fig. 5. Scanning electron microscopy images of E. coli (A)

intact (B) irradiated at 1.5 kGy; deformed cells are

indicated with arrows.

Fig. 6. Scanning electron microscopy images of S. Typhimu-

rium (A) intact (B) irradiated at 5 kGy; deformed

cells are indicated with arrows.
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may be much reduced in presence of food matrices. Sim-

ilar phenomenon was previously suggested by Trampuz

et al. (2006).

The storage temperature after irradiation also plays a

significant role in food storage in order to retain freshness

and hygiene to avoid further multiplication of survived

bacteria. Our results found that storage at 0oC for 24 h

soon after irradiation did not add up more stress to the

partially deactivated bacteria rather there was slightly

increase in recovery. These findings can be supported by

further studies on the mechanism of cell repair at differ-

ent temperatures after partial deactivation by γ-irradia-

tion. Furthermore, the recovery for E. coli after storage at

0oC for 24 h was better than what was observed immedi-

ately after irradiation, a phenomenon which was also

observed in S. Typhimurium. For food product that can-

not be refrigerated, there is higher possibility that the bac-

teria will continue to proliferate after irradiation. This

may imply that, irradiation at low doses may not be ren-

dering the bacteria to static condition during storage

unless they are stored in temperature that does not favor

their multiplication because growth of most contaminat-

ing bacteria is suppressed at low temperature. This is a

worst case scenario for ready-to-eat foods, unless these

foods are frozen for a long period of time. However, this

does not hold for fresh vegetables, fruits and some ready

to eat foods which are affected with high doses of γ-irra-

diation and storage at freezing temperature.

The scanning electron microscopy imaging showed the

damage on cell envelops which leads to perforation and

hence leaking of cellular constituents. Bacteria with dam-

aged cell envelop attained new irregular morphology as

the result of deformation while intact cells retained their

rigid structures. The perforation of the cell envelop could

be explained as the destructive effect of γ-irradiation on

the protein component of cell envelop resulting in loss of

integrity hence become porous. However, the vulnerabil-

ity cell envelops to damage by γ-irradiation is not uniform

to all bacteria at the same irradiation dose. It was observed

that, some of the cells disintegrated releasing their cellu-

lar constituents, few remain collapsed while small popu-

lation retained integrity. This suggests the damage on the

cell envelop plays part as a mechanism of killing the bac-

teria during irradiation and therefore reduction in viable

cell count. This findings are supported by previously

reported findings by Trampuz et al. (2006) that γ-irradia-

tion has multiple effect on the bacteria cell through DNA

damage as well as suggested effect on structural protein

which have a vital role on the integrity of the cell envelop.

Also it is suggested that the cell wall makeup may have

influence in tolerating γ-irradiation. Additionally γ-irradi-

ation have been reported to cause damages inside the bac-

teria cells leading to defective proteins which could result

into altered cellular characteristics (Se´verine et al., 2001).

However in this study it was expected that the exposure

to sub-lethal doses of γ-irradiation would have resulted in

altered characteristics such as changes in antibiotic sensi-

tivity among the population of bacteria cells. Findings

from this study could not establish the phenomenon in

which γ-irradiation influenced any changes in antibiotic

sensitivity profile. Furthermore no resistant mutant could

be isolated among the survived bacteria. It was also found

that the survived bacteria cells were able to multiply and

grow into visible colonies. 

In conclusion this study established the relationship

between the use of low dose γ-irradiation and its effect on

antibiotic sensitivity profile in which it found out that,

low dose γ-irradiation disinfection process alone had no

impact on antibiotic sensitivity profile of B. cereus, E.

coli and S. Typhimurium. Also we established that, low

doses γ-irradiation may not provide full safety against all

kinds of foodborne pathogens. Therefore, unless the right

dose of γ-irradiation is used, the whole process may not

be as successful sanitization means as previously report-

ed. Future studies may focus on the mechanism of γ-irra-

diation to damage bacteria cell envelope as contributing

factor in reduction in viable cell count, critical look on

the effect of γ-irradiation on different bacteria virulence

factors worth studying.
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