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Abstract

Spores oBacillus cereus, like other bacterial spores, are heat and radiatsistance causing problem in food
processing because of the high temperature oriatiad dose needed to inactivate them. In this work
combination treatments of heat and irradiation wesged for their potential to reduce heat-resistaof B.
cereus spores in raw milk, carrot juice and water. &hd Z-values were used to characterize heat aesistof
these spores, whereaggs®alues were used to characterize radiation resistalhe results obtained indicated
that Dss-values ranged from 24.9 to 35.2 minggalues ranged from 7.6 to 11.6 min angk-l2alues ranged
from 2.4 to 4.7 min. The Z-values Bf cereus spores in the used media ranged from 9.81 to 1@.2Phe Q¢
values ranged from 1.9 to 2.6 kGy. Pre-irradiati@atment at 4 kGy followed by heating reduceg-\alues
2.8 to 3.4 times. The obtained findings indicates ¢ffectiveness of irradiation at 4 kGy followegheating in

a same process to ensure safety of raw milk ootarice contaminated with Bacillus cereus.
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1. Introduction

B. cereus is a sporeforming, Gram-positive, motile, rod-sbdyand facultative anaerobic bacterium associated
with food spoilage and food poisoning in humananirthe food safety point of viev. cereus is considered
the most important among other bacterial speciesaoginating food because of its ability to form ttypes of
enterotoxins: thermostable emetic enterotoxin dheamosensitive diarrheal enterotoxin (Goepétral. 1972
and Schneider et al. 2004). Farinaceous foods h@entost common vehicles of the emetic type endotoxi
whereas the diarrheal type is associated with nseatps, sauces, vegetables and milk products (Krame
Gilbert, 1989).B. cereus has been isolated from fresh vegetables and eefigd-minimally processed foods
(Valeroet al. 2002), raw and cooked rice (Sarreasl. 2003), spices (Choa al. 2007), fresh and heat treatment
milk (Bartoszewiczet al. 2008) and seafood (Rahmati and Labbé, 20B83ereus form endospores which are
resistance to inactivation agents such as heategjccation, UVy-radiation, high pressure and oxidizing agents
(Van Germaret al. 1999 and Seltow, 2006).

Heat treatment is commonly used to inactivate tspihilage and pathogenic microorganisms in liquiddfan
order to improve food safety and extend shelf-IBpores produced by vario@acillus species includindg.
cereus (a causative agent of food poisoning) are heasteage (Setlow, 2006 and Uemuataal. 2010). There
are many factors affecting the heat resistanceaofebia to food preservation, among of which aeetfipe of
bacteria and its strains, sporulation conditiond e nature of suspending media (Farkas, 1990krhset al.
2007).

Irradiation of food using ionizing radiatiory &nd x-rays or electron beam) is used to inactibatth spoilage
and pathogenic microorganisms and to guarantebyienic quality of several foodstuffs (Diehl, 199 This
technology has been approved as a safe and aiternateservation technique by Codex Alimentarius
Commission (1992), WHO (1994), and Internationabriic Energy Agency (2006). Microorganisms differ
greatly in their resistance to ionizing radiatidegetative cells of bacteria are sensitive to imgzradiation;
with Djg-value usually lower than 1 kGy (pPvalue is the radiation dose, usually expressedsiy, necessary to
reduce the bacterial counts one log cycle). Baaitspores are found to be more resistant than gjeastds and
vegetative cell of bacteria, theirfvalues usually in the range of 1-4 kGy (VanGerraiea., 1999).

Microorganisms highly resistant to heat or ioniziagliation cause big problem in food processingabse of
the sever treatment required to eliminate themhSavere treatment may adversely affect the quafitthe
processed food as a result of the induced chamgesyanoleptic characteristics and loss of nutsi€kialeroet
al., 2006). Therefore, less severe heat or irradiatiestmentsi.e. combination treatment of heat and irradiation
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during food processing is preferable. A pre-irréidiatreatment followed by heating has been foumtiave a
synergistic effect on the destruction of bactespbres (Farkas, 1990). Therefore, the heat resestaf
microorganisms can be reduced by medium dosesding radiation (Gombas and Gomez, 1978 and De-Lar
et al., 2002). Since the degradation of food sensoryityuay ionizing radiation and by thermal treatmeiatre
dose and temperature dependent, it suggests thattien of the radiation dose and thermal tempegateould
result directly in improving sensory propertiestoé treated food.

The main objectives of the present work are to stigate the heat resistance Bi€ereus spores in raw milk,

fresh carrot juice and water. The radiation resistaof these spores in the above suspending meaaalso

investigated. Sensitization &cereus spores to heat by gamma radiation and vice veesa also investigated
in order to identify the optimum time, temperatarel irradiation dose necessary to inactiBatereus spores in

liquid food.

2. Material and M ethods
2.1. Bacterial culture

B.cereus used in this experiment was isolated from fresheawrots on polymyxin-manitol-egg yolk phenol red
agar (PMYPA) medium at Food Microbiology Lab, Mibiology Department, National Centre for Radiation
Research and Technology, Egyption Atomic Energyharty. The isolatedB.cereus was identified by
conventional methods which include Gram-stainingpe and position of endospores and biochemicthges
according to the description of Cowan and SteeV4)9Parryet al., (1983) and Bergey's Manual of Systemic
Bacteriology (Holtet al., 1993) . The identified.cereus was confirmed by the PCR amplification method of
16S rRNA method and the 16S rRNA was depositetléndene bank database under accessions (AB 599718.1

2.2. Spore preparation

Stock culture oB. cereus on TSA slant was inoculated in 125-ml ErlenmeyasK containing 50ml of nutrient
broth (NB) using inoculated loopfull and incubatkrnight at 38C to achieve the stationary phase. 0.2 ml of
this culture were spread into the surface of Fedihutrient Agar (5 plates were used) and incubate8GC for

5 days. The produced spores were harvested byifigdate FNA plate with 10 ml sterile distilled watand
scratching the surface with a glass spatula. Afeevesting, spores were washed four times witmsadblution
(0.85% WI/V) by centrifugation at 10 000 rpm for Bfin. The resultant pellet was re-suspended inlsteri
distilled water. Spore suspension was heat treiatadvater bath at 8@ for 10 min to kill remaining vegetative
cells. The concentration of spore suspension wéna&ed by spread —plating 0.1 ml portions on gatEPCA
which were incubated at 3D for 24 h. The spore suspension was adjustedricentration 16-1¢° cfu/ml and
maintained 2C until use (De-Larat al., 2002).

2.3. Heat treatments

Experiments were conducted by adding 0.5 ml of spoispension to 4.5 ml of radiation sterilizatigf kGy)
raw milk, fresh carrot juice and water in 10 mlesgr capped test tubes. The tubes were completbiyarged

in a water bath at 85, 90 and 95 °C constant teatper for various times. The temperature of theembaith and
inoculated tubes were monitored with a digital themeter. After 5, 10, 20 and 30 min, a single twzes
removed, cooled in ice-water bath. The spores gongounts were enumerated by serial dilution alating in
duplicates on PCA. The inoculated plates were iatet at 30 °C for 24-48 h. All heat treatments were
performed in triplicate.

2.4. Calcuation of D¢- and Z values

The Thermal-decimal reduction time/+Dralues) which is defined as the time in minutetemperature needed
to reduce the spores population by 10-fold, weteuwtating from the slope of the regression lineaifitd with
the values of the heat survival curves. The suhviuaves were obtained by plotting the jpgiuumbers of
surviving spores against heating time (min) at e@mshperature. Z-value’@) (the increase in temperature
required to reduce the decimal reduction time byal® or by 90%) were determined by plotting log alue
means against the corresponding temperature.

2.5. Irradiation treatments

For irradiation treatment, 0.5 ml of the spore sugon was added to 4.5 ml of radiation steril@ai20 kGy)
raw milk, fresh carrot juice and water in the 10-wdcrew capped test tubes. The tubes were expogEimma
radiation doses of 0.0, 2.0, 4.0, 6.0, 8.0 and G§.KThe spores' survivor counts were enumeratedelially
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dilution and plating in duplicates on PCA using pplating technique. The inoculated plates werailiated at
30°C for 24-48 h. Three replicate were used in ehde.

2.6. Calculation of Dg-values

Radiation decimal reduction doses,¢Dvalues) were calculated from the regression bibéained with the
values of the radiation survival curves which afgtamed by plotting the log survivor curves vs. the
corresponding dose of irradiation.

Irradiation processes were performed using Nordigarnational Gamma Cell 220, located at the Nation
Centre for Radiation Research and Technology, €#st Cairo, Egypt. The dose rate of this sources &8
kGy/h at the time of irradiation and irradiatioredtments were achieved at room temperature. Itradia
dosimetry was carried out by putting reference ialamosimeters traceable to National Physical Latooy
(NPL), UK.

2.7. Determination of heat resistance before and after irradiation

B. cereus spores were suspended in radiation (20 kGy)ligtedliraw milk, fresh carrot juice and saline smint
in screw-capped test tubes, then heated at 90°G, f6y 10, 20 and 30 minutes before and after imtemh at 4
kGy. Determination of viable counts and constructimf thermal survival curves have been carried asit
previously mentioned. All experiments were perfodnie triplicate and values were recorded as thennoédhe
three replicate.

3. Results
3.1. Heat resistance of B. cereus spores

Heat resistance of bacterial spores measured bsotioalled thermal decimal reduction timer{alue). Figures
(1, 2, 3) show thermal survival curves at 85, 3@ @5C of B. cereus spores suspended in raw milk, fresh carrot
juice and water.
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Fig (1): Thermal survival curves & cereus spores suspended in raw milk, heated
at 85 @), 90 @) and 95°C (A).
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Fig (2): Thermal survival curves d. cereus spores suspended in carrot juice,
heated at 85¢(), 90 @) and 95°C (A).
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Fig (3): Thermal survival curves & cereus spores suspended in water, heated
at 85 @), 90 @) and 95C (A).

It is clear from these curves thatgfvalues ofB. cereus spores under investigation ranged from 24.9 t@ &%in
at 85°C, calculated D-values at 9D ranged from 7.6 to 11.6 min and at®@5anged from 2.4 to 4.7 min

depending on the type of heating medium. It is obsithatB. cereus had low heat resistance in water than raw
milk and fresh carrot juice.

Z-values which characterized and quantified spdneat resistance suspended in different media were
determined and shown in Fig (4). Z-values rangethf®.81 to 11.2C.
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Fig (4): Z-valuesC) for B. cereus spores suspended in raw mil (fresh carrot
juice (m) and water A).

3.2. Radiation resistance of B. cereus spores

Radiation resistance of bacterial spores measuwrdtebso-called radiation decimal reduction doseg-{alue).

B. cereus spores suspended in raw milk, fresh carrot juicd water were exposed to incremental gamma
radiation doses (0, 2, 4, 6, 8 and 10 kGy) to aeitee their radiation resistance. Fig (5) shows mken
survivors spores counts (cfu Milat different doses. Generally, there was a pssive decrease in survival
counts as irradiation dose increased. The calailBig-values ofB. cereus spores in raw milk, fresh carrots
juice and water were 2.6, 2.4 and 1.9 kGy, respelgti
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Fig (5): Radiation-dose response curve®8o€ereus spores inoculated into raw milk
(®), fresh carrot juicen) and water A).

3.3. Heat resistance of B. cereus spores before and after irradiation

In this experimentB. cereus spores suspended in raw milk, fresh carrot juic\@ater were tested for their heat
resistance before and after irradiation to know tvéfect the reverse treatment. Figures (6, 7, &nitlustrate
the thermal survival curves &f cereus spores suspended in the above media and hea@&Cabefore and after
irradiation at 4 kGy.

The calculated B-values ofB. cereus suspended in raw milk decreased from 11.6 to 5d74ath min when heat
treatment achieved before and after irradiatiogpeetively. Qgvalules ofB. cereus spores suspended in carrot
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juice reduced from 11.3 to 5.4 and 3.8 min whent hesatment achieved before and after irradiation
respectively. In water, thegpvalues reduced from 7.6 to 3.8 and 2.2 min.
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Fig. (6): Thermal survival curves @&acillus cereus spores suspended in raw
milk: heated at ST before ¢), and after irradiationk) at 4 kGy.
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Fig. (7): Thermal survival curves @acillus cereus spores suspended in fresh
carrot juice: heated at 80 before ¢), and after irradiationk) at 4
kGy.
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Fig. (8): Thermal survival curves &acillus Cereus spores suspended in water:
heated at S before ¢), and after irradiation&) at 4 kGy.

4. Discussion

Spores ofB. cereus are heat and radiation resistance, causing arbiglgm in food processing because of the
high temperature or irradiation dose needed tctivete them. In this work, the heat and radiatiesistance of
B. cereus spores in raw milk, carrot juice and water wereestigated. Combination of heat and irradiation as
reverse treatments was also studied to reducesthperature or heating time required in liquid fqwdcessing
for inactivation of these sporesgfralues ofB. cereus spores under investigation ranged from 24.9 t@ 8%n,
Dgyo-values ranged from 7.6 to 11.6 min, whereasvalues ranged from 2.4 to 4.7 min depending ortythe of
suspending medium. The resistance of these spassgreater in raw milk than in the carrot juicewater.
Heating at 98C showed higher spore destruction than &C86r 90C. The mechanism involved in the heat
destruction of the bacterial spores towards tontiost sensitive targets which likely seem to be @reymes
(Palop et al., 1998) or spore membranes (Setlow, 1995), sinceespbiNA is very well protected by its
combination with small acid soluble proteins (SASP)

The Dr-values ofB. cereus spores obtained here in our investigation felhimitthose previous reported in the
literature. Johnsoet al., (1982) examined spores of eight strain®ofereus representing diarrheal, emetic and
toxigenic strains. They found thagdvalues in sodium phosphate buffer (pH 7) rangethf82.1 to 106 min,
Dgs-values ranged from 1.2 to 20.2 min. El-Foetyal., (1989) found that By-value forB. cereus spores in
phosphate buffer (pH 8) was 17.8 min. Dufrerhal., (1994) published B-values from 4.6 to 14 min fds.
cereus strains isolated from different sources. Valetaal., (2002) examined thirty-two strains & cereus
isolated from different kinds of fresh vegetablad aefrigerated minimally processed foods for tispiores heat
resistance. They found that@ralues in sterilized water ranged from 1.4 to 2tid. Sarriaset al., (2002)
tested spores of eigl® cereus strains isolated from Spanish rice and found uealat 98C in the range of
2.23 to 23.26 min, the calculatedstvalues ranged from 0.69 to 5.17 min. ands®alues were in the range of
0.43 to 1.09 min. Montvillet al., (2005) examined spores of thiBecereus strains (ATCC 9818, ATCC 4342
AND ATCC 7004) for their heat resistance. They fduhy-values in buffer (pH 4 and 7), milk and orangegui
in the range of 0.74 to 22 min according to thaist and type of suspending medium. Aguatal., (2012)
found Dys;-values ofB. cereus spores suspended in whole milk, saline solutiathtayptone soya broth (TSB) to
be 9.26, 8.64 and 8.49 min, respectively.

It is obvious from the BPvalues obtained in this work and from the publéidata in the literature that there was
a wide range in spores heat resistance anrgreus strains and our data fell within the publishedgeanin
this concern, Mazast al., (2007) reported that the properties Bf cereus spores thermal resistance are
influenced by strain, sporulation conditions andthey medium.

Z-values on the basis of ther-Dalues data obtained in our investigation, vafiein 9.18 to 11.2%C. These
data are similar to that obtained by Montviteal., (2005), who found Z-values for spores of eighaisis ofB.
cereus, B. thuringinesis, B. mycoid andB. subtilis in pH 4.5 and milk averaged 16& whereas in pH 7.0 and
orange juice were significantly higher and averagi2d® and 133, respectively. Johnsaat al., (1982) found
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Z-values in the range of 6.8 to 13.9 for sporesight strain oB. cereus. Meanwhile Z-values obtained here in
our investigation were higher than those reporte&drriaset al., (2002) who found Z-values for spores of eight
B. cereus strains in the range of 7@ to 8.2C, with an average 7°C.

Radiation-decimal reduction doses,{Dalues) are used to characterize radiation resista@fB. cereus spores
suspended in raw milk, carrot juice and water. #swound thaB. cereus spores were higher resistance to
gamma radiation in raw milk than in carrot juiceveater indicating protective effect of the raw mdk the
spores. This is true and could be attributed to itlaa milk may contain certain compounds such asem and
fat which act as quencher or scavengers of therfdizals formed upon radiolysis of water in milkaving
fewer ions to react with the spores thereby redythie net effect of radiation damage (Urbain, 1986)

The mechanisms of inactivation viable microbiallc@r spores by ionizing radiation include bothedirand
indirect action. Direct action involves absorptioinphoton energy by a target molecule in the ggllg. DNA)
leading to damaged to that target. Indirect actiesulted from absorption of photon energy by a ear
molecule (e.g. water) leading to the formation mhly reactive free radicals HOH’, €) which in turn react
with target molecule in the cells causing its daenfithompson and Blachely, 2000).

The obtained R-values (1.9 - 2.6) in this work fell within the nge previously reported by various
investigators. Thayer and Boyde (1994) foung-alues of approximately 2 kGy for spores of diffiet strains
of B. cereus gamma irradiated in several food products. Mehlal., (1995) revised R-values of several
foodborne microorganisms, includifigy cereus spores and vegetative cells, and foung\lues between 1.25
and 4.0 kGy wheiB. cereus spores were irradiated in different media. Alsan\Germaret al., (1999) reported
that the typical By-values for bacterial spores exposed to ionizirtfiateon coming from radionuclides were in
the range of 1 ~ 4 kGy. De-Laeaal., (2002) found higher B-values of spores of two strainsBifcereus being
3.0 and 3.8 kGy. Sarriet al., (2003) calculated [3values for spores of eiglt cereus strains suspended in
distilled water. They observed diversity in radiatiresistance among strains with averaggvalues ranged
from 2.07 to 2.68 kGy. Valeret al., (2006) found that the {3values for spores of twB. cereus strains
suspended in sterilized water ranged between 1d®a&/5 kGy with an average of 2.62 kGy which ighleir
than the obtained {g-value in our investigation. Ayast al., (2012) studied radiation resistanceBofcereus
spores in sterile saline solution and in minced tm&hey found that the [gvalues in saline was 1.75 kGy
whereas in minced meat was about 3.7 kBycereus spores in our investigation showed radiation tasise
values corroborate the previous findings.

Figures (6,7,8) show that heating before irradratieduced I-values ofB. cereus spores suspended in raw
milk, fresh carrot juice and water by two times. &#mas, pre-irradiation treatment at 4 kGy follovegcheating
reduced Qrvalues by 2.8, 3.0 and 3.4 times, respectivelys Tdicates that combination treatment of heat and
irradiation greatly reduced the heat resistanceBoftereus spores. A pre-irradiation treatment had more
synergistic effect on the destruction Bf cereus spores than pre-heating treatment. The synergi$tiect of
heating and irradiation would be easily explainseohce their targets are different, and these excltik
possibility of cross-resistance (De-Lataal., 2002). Stegeman (1977) suggested that the séngitizechanism

of pre-irradiation induced chain breaks in the mimlycan polymer and reduced the ability of spores
maintain the hydrated state of the cortex.

The pre-irradiation induced heat-sensitivity Bf cereus spores has been reported by other investigatdss. E
Fouly et al., (1989) found that heating (4D for 30 min) before irradiation (6 kGy) reducedsp counts oB.
cereus by 4.25 log cycles, whereas heating after irrdmlieteduced the counts by 7.82 log cycles. De-lehed.,
(2002) found that radiation had an important heaisgtizing effect on bacterial spores. After 3.3yk@&atment
Ds-values were reduced more than three times for Bottereus and B. subtilis spores suspended in double
distilled water. Valercet al., (2006) investigated the effect of electron beamdiiation on spore heat resistance
of two B. cereus strains. They found that after irradiation dos€4.8, 3.1 or 5.7 kGy followed by heating at
90°C calculated y-values were reduced more than 1.3, 2.4 and 4&stim

It could be concluded that pre-irradiation treatmfatiowed by heating was more effective in redgcimeat
resistance oB. cereus spores suspended in different media. These cotrin@eatments can be used to ensure
safety of raw milk and carrot juice contaminatinghaheat resistarB. cereus spores without impairing product
quality. 4 kGy irradiation dose used here in owestigations will not enough for inactivating bacéspores in
foodstuffs, but it sensitize spores to heat treatrapplied in food processing.

38



Food Science and Quality Management www.iiste.org

ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) g
Vol.19, 2013 ||STE
References

Aguirre, J.S.; Ordonez, J.A. and de Fernando, @D12). A comparison of the effects of E. beamdiiation
and heat treatment on the variabilityRz#cillus cereus inactivation and log phase duration of surviviedjs Int.
J. food Microbiol. 153, 444-452.

Ayari, Samia; Dussault, D,; Jerbi, T.; Hamdi, M. and Lacroix, M. (2012). Radiosensitization of Bacillus cereus
sporesin minced meat treated with cinnamaldehyde. Radiat. Phys. Chem. 81, 1173-1176.

Bartoszewicz, M.; Hansen, B.M. and Swiecicka, 00®). The member d8acillus cereus group are commonly
present contaminants of fresh and heat-treated filed Microbiol.25, 588-596.

Choo, E.; Jang, S.S., Kim, K.; Lee, K.G.; Hoo, 8d &yu, S. (2007). Prevalence and genetic diveisity
Bacillus cereusin dried red pepper in Korea. J. Food Prot. 70-922.

Codex Alimentarius Commission (1992) . Codex Alinagius. Vol. 1. 2° ed. Food and Agriculture
Organization. Rome, ltaly, 313-327.

Cowan, S.T. and Steel, K.I. (1974). Manual for liferation of Medical Bacteriology. ¥ Ed. Cambrige
University Press.

De-Lara, J.; Fernandez, P.S.; Periago, P.M. andpP&l. (2002). Irradiation of spores Bhcillus cereus and
Bacillus subtilis with electron beams. Innovative Food Science amérging Technologies, 3, 379-384.

Diehl, J.F.(1990). Safety of Irradiated Food. Maiaekker, New York.

Dufrenne, J.; Soentoro, P.; Tatini, S.; Day, T. &wtermans. S. (1994). CharacterizationBatillus cereus
related to safe food production. Int. J. Food Mixoh 23, 99-109.

El-Fouly, M.Z.; Khalil, M.S.; Saleh, Y.E. and Abdase, M.A. (1989). Response Bécillus cereus to heat and /
or irradiation treatment. Egypt. J. Rad. Sci. Appi, 195-206.

Farkas, J. (1990). Combination of irradiation witiid heat treatment. Food Control. 1, 223-229.

Goepfert, J.M.; Spira, W.M. and Kim, H.U.(197Bacillus cereus, Food poisoning organisms. A review. J.
Milk Food Technol. 35, 213.

Gombas, D.E. and Gomez, R.F. (1978). Sensitizatiblostridium perfringens spores to heat by gamma
radiation. Appl. Environ. Microbiol. 36, 403-407.

Holt, J.G.; Krieg, N.R.; Sneath, P.H.; Safety, Jamd Williams, S.T. (1993). Bergey's Manual of Detimative
Bacteriology. In a Williams, K. and Williams, O.d® , Blatimore, USA.

International Atomic Energy Agency (2006). Cleamn€ item by country. Food Irradiation News 1, 1-15

Johnson, K.M.; Nelson, C.L. and Busta, F.F. (19&rmination and heat resistanceBafillus cereus spores
from strains associated with diarrheal and emeticifborne illness. J. Food Sci. 47, 1268-1271.

Kramer, J. and Gilbert, R. (1989%acillus cereus and otherBacillus species. In: Doyle (ed.), Foodborne
Bacterial Pathogens. Marcel Dekker, New York, fb.7D.

Mazas, M., Gonzalez, |.; Lopez, M. and SarmientoRM2007). Effects of sporulation media and straimn
thermal resistance &@acillus cereus spores. Int. J. Food Sci. Technol. 30, 71-78.

Monk, J.D.; Beuchat, L.R. and Doyle, M.P.C. (199®adiation inactivation of foodborne microorgamis . J.
Food Prot. 58, 197-208.

Montville, T.J.; Dengrove, R.; De Siano, T.; Bonnkt. and Schaffner, D.W. (2005). Thermal resistante
spores from virulent strains &&acillus anthracis and potential surrogates. J. Food Prot. 68, 23&662

Palop, A.; Rutherford, G.C. and Marquis, R.E. (I998activation of enzymes within spores Bé&cillus
megaterium ATCC 19213 by hydroperoxides. Can. J. Microbidl, 465-470.

Parry, J.M.; Turnbull, P.C.B. and Gibson, J.R. @P& color atlas oBacillus species. Wolfe Medical Pub.,
England.

39



Food Science and Quality Management www.iiste.org
ISSN 2224-6088 (Paper) ISSN 2225-0557 (Online) LN

voL16, 2013 1isTe

Rahmati, T. and Labbé, R. (2008). Levels and taiity of B. cereus andClostridium perfringens from retail
sea food. J. Food Prot. 71, 1178-1185.

Sarrias, J.A.; Valero, M. and Salmeron, M. C. (20@imination ofBacillus cereus contamination in raw rice
by electron beam irradiation. Food Microbiol, 2@73332.

Sarrids, J.A.; Valero, M. and Salmeré6n, M.C. (20@)umeration, isolation and characterizatiorBa€illus
cereus strains from Spanish raw rice. Food Microbiol. $89-595.

Schneider, K.R.; Parish, M.E.; Goodrich, R.M. andokingham, T. (2004). Preventing foodborne illness:
Bacillus cereus andBacillus anthracis. FSHNO04-05 (Food science and human nutrition) Eirsity of Florida,
EDCS Web site dtttp://edis.ifas.ufl.edu

Setlow, P. (1995). Mechanisms for the preventiodarhage to DNA in spores Bhcillus species. Annual Rev.
Microbiol. 49, 29-54.

Setlow, P. (2006). Spores Bhcillus subtilis: their resistance to and killing by radiation, haad chemicals. J.
Appl. Microbiol. 101, 514-525.

Stegeman, H.; Mossel, D.A.A. and Pilnick, W. (1977) spores Research. Barker, A.N.; Wolf. J.; EIBrJ.;
Druig, G.J. and Gould, G.W. (eds). P. 565, Acadeiess, New York, London.

Thayer, D.W. and Boyd, G. (1994). Control of entexa Bacillus cereus on poultry or red meats and in beef
gravy by gamma radiation. J. Food Prot. 57, 758-764

Thompson, J.E. and Blatchley, E. R.111. (2000). @anirradiation for inactivation of. parvum, E.coli and
coliphage Ms-2. J. Environ. Eng. 126. 761-768.

Uemura, K.; Kobayashi, I. and Inove, T. (2010).clination of Bacillus subtilis in orange juice and the quality
changes by high electric field atternating curréd ARQ 44,61-66http://WWW.Jircas.affrc.go.jp

Urbain, W.M. (1986). Biological effects of ionizingadiation. In" Food Irradiation”. Food Science and
Technology Series, Academic Press, London. pp.183-1

Valero, M.; Hernandez-Herrero, L.A.; Fernandez,.Fa8d Salmeron, M.C. (2002). CharacterizatiorBaillus
cereus isolated from fresh vegetables and refrigeratechimmally processed foods by biochemical and
physiological tests. Food Microbiol. 19, 491-499.

Valero, M.; Sarrias, J.A.; Alvarez, D. and SalmerbhC. (2006). Modeling the influence of electroaam
irradiation on the heat resistanceBaiillus cereus spores. Food Microbiol, 23, 367-371.

Van German, S.J.C.; Rombouts, F.M.; Van't Riet,akd Zwietering, M.H. (1999). A data analysis of the
irradiation parameter R-for bacteria and spores under various conditidnsood Prot. 62, 1024-1032.

WHO (1994). Safety and nutritional adequacy ofdrated food. World Health Organization, Geneva.

40



