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THE MBINED EFFECT OF ADDITIVES AND IRRADIATION ON 
THE SURVIVAL OF CLOSTRIDIUM BOTULINUM 

INTRODUCT ION 

Ionizing radiations will sterilize most foods, 

however accompanying a1terat1on In flavor, odor, color 

and texture render the food unacceptable (2$, p. O7). 

A means of reducing the level of radiation, mnimizLng 

alteratton of the ood, and yet provtding sterLltz*tlon 
or preservation would be valuable. With this thought in 

mind, food additives were tested for effectiveness in 

enhancing the lethal effects of ioniztn irradiatioi on 

Clostridium botulinurn. 

The widespread use of food additives for flavor and/ 

or preservation indicates Immediately a wide variety of 

additives suitable for testing. In addition, preliminary 
investigation indicated intensification of irradiation 

by certain additives. 

The irradiation mentrunm is n important consider- 

atlon in experiments since the effectiveness ot radiation 
varies with the envirozunent. Raw ground beef was ein- 

pisy.d because it afforded protection by virtue of con- 

sistency and reduced nature. It was also an excellent 
survival-growth medium. A complex environment such as 



raw meat affords more protection to spores than buffer 

or broth (28, p. 513) *nd is also analogous to actual 

food, 

The test organism, Clostridlum botuilnum, Is one of 

the most heat resistant microorganisms found. lt was 

adopted as the standard for thermal processing in the 

food industry tollowIng the classical studies of Esty 

and Meyer (11, pp. 65O*63). Also C. botulinum is one 

of the most resistant microorganisms to ionizing radia- 
tions (12, p, 153). Therefore, C. botulinurn Is well 

suited as a test organism from the standpoint of re- 
sistance to present day methds of food prevervatlon and 

relative resistance to Ionizing radiation. 

The mechanism of inactivation by radiation is the 

sanie irrespective of whether the cell is In a vegetative 

or spore state. Strains of C. botulinum were selected 
for high radiation resistance and spores were introduced 

at 1 x 106 spores/gm. meat In ali experiments. This 

number of spores was used because the amount of gamma- 

irradiation required to sterilize meat varies linearly 

with the log of the spore concentration (18, p. 332). 

The generai plan of the experiments was to determine 

if certain food addltivs present in inoculated meat 

would enhance the destrtct!on of C. botulinurn strains 
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A- and B-1I by gainma Irradiation. Levels found to 

invoke destructLon were compared to the levels of 

radiation required to destroy C. botulinum in irrad- 

lated meat containing no additives. 



il. 

HISTORICAL REVIEW 

Niven (28, pp. 2O5-2L) in a review article, de- 

scribed the types and kinds of radiation suitable for use 

with foods. Gamma rays, electromagnetic radXat!Dns hav- 

Ing high penetrative capacity, are best because the thtck- 

ness of the food Is not of major concern. Gamma ray 

sources for food processing may be obtained frot a variety 

of radioactive isotopes. Sone of these are taken from the 

gross waste fission products from atomic energy devel- 

opinent, radioactive by products of commercial reactors, 

and spent fuel. rods, 

Irradiation sterilization is explained as follows: 

The energy of ionizing radiation is dissipated in food 

primarily by the release of electrons from the atoms 

through which it passes. As a result, a positively 

charged Ion is generated. The ejected electron combines 

with another atom to form anegatively charged particle. 

A large fraction of food material or of a bacterial cell 

Is water, therefore, the formation of the highly reactive 

Ion pairs or free radicals from water !s of importance. 

An ionization within the vital part of the cell with a re- 

suiting lethal action is a direct action. If the ioni- 

zatin occurs in the solvent in the vicinity of the cell 

and inactivates it, the effect is called an indirect action. 



The destructive ttect of ionizing irradiation on 

food substrates *imlts the levels that may be used to 
inactivate microorganisms. Food sterilized by Irradi- 
ation s not acceptable if th irradiation level is too 

Mgh, due to the production oî off odors, flavors, and 

alterations n texture, FDrexampXe, Nickerson, 

(26, pp. 8L-88) showed that after exposure to cathode 

rays, fl*:Ckere2 flUets were steriZe for 30 d*ys at room 

temperature, however oxidative rancidity, *uO1ys*, and 

free amino groups appeared. Batzer (2, pp. SOi-O8) 
described a bright red pigment in IrradIated raw beef. 

In addition, a sulfide or mercaptan-like odor was pre 

dominent in ali grades of raw beef at all aging t*mp*r- 

atures after Irradiation at 2.0 megarad. Meat bad a soft 
texture at 2.0 to L..O megarads, An increase n hydrogen 

sulfide, methyl **raptert, acid-sait eDluble carbønyl 
compounds and pH was found. 

One of the most resistant microorganisms to ioniz- 
Ing radiation is ClDtridium botulinurn. This vas selected 
as the test standard because of its resistanes to en' 

Vironmantal factors due to spore production and te ex 
tremely pot*nt toxin produced frsmthe growth et the 

organism tn food. An organism approaching the Irradi- 

atlon resistance of C. botulinum is a red microcDccus 

that survIved 2.0 to 14..8 rnegarep in ground beef and pork. 



This microorganism, described by Anderson et al. (1, 

pp. 7-78) will survIve 6.0 megarep on agar slopes. 

However, this micrococcus was not suitable as a test 

organism because of Its low heat tolerance. 

Clostridium botulinum is described by Frazier (12, 

390-391) as a rod-shaped soil bacterium that is sapro- 

phytic, sporeforming, gas forming and anaerobic. Five 

types are distinguished on the basis of the serological 

specificity of their toxins. 

Type A (ovolytic) is the one that most commonly 

causes human botulism in the western part of the United 

States. lt is more toxic than type B. Type B (some 

ovolytic and others riot) is found more often th*n Typ e A 

in most soils of the wori.d and is less toxic to human 

beings. Type C and D (non ovolytic) areassociated with 

animals and have not been reported for cases of human 

poisoning. Type E (nonovolytic) which is toxic for man 

and the horse, has been obtained chiefly from fish and 

fish products. Type A strains and most strains of type B 

are proteolytic enough to give an obnoxious odor to 

protelnaceous foods. This is not true ot type E and 

some strains of type B. 

Morgan and Reed (2Lj, Pp. 3S7-366) found that C. 

botulinum spores, under arbitrarily standardized condition, 
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were more resistant to gamma radiation than the spores of 

other food spoilage organisnis tested. In addition, C. 

»tu11ritin and other thermophilic sporeforniers, which are 

dUtIcu1t to destroy by heat, are also among the most re- 

sistarit to ionizing gixna irradiation. The relative radi- 

ation restetacce of C. b,tulinuxu Is listed by ?razier 
(12, pp. 1S2-13), where lt is the most resistant micro- 
organisxn to ionizing radiation in a comparison of many 

different types of organisms. 

Frazier (12, p. 393) also states that the toxin pro- 

duced by C. botulinum is the most potent known. A charac- 

teristic of the toxin is its sensitivity to inactivation 
by heat. Heat treatments of from a few minutes to 30 mm- 

tites at 80°C. (176°F,), inactivate the toxin. However, 

flack and Wagenaar (28, p. 2O) found the toxin of C. 

botulinurn to be very resistant to gamma 1rradiatin. 

When the toxin levels were above 200 MLD, a reduction to 

below 20 MLD required at least L. x io6 rads. 
The classical studies of Esty and Meyer (li, pp. 

6go-663) the thermal resistance of . botu1inu spores 

were used to calculate the safe thermal processing levels 
for foods. These studies indicate that a heat procestng 

equivalent to 2.78 min. at 121°C. was required to reduce 

1 x 1012 spares to less than one surviving spore. Kempe 

(18, p. 332) reported that the amount of gamma-irradiation 
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required to ster11ize meat inoculated with Ç. otu1inurn 

varies linearly with the log, of th spore concentraticui. 

The same relation is true ottherxnal destruction of spores. 

In viewof this similarity, by employing the best avail- 

able data pertain1n to survival curves of C. botulLnu 

stibjected to high levels of radiation, Schmidt (28, p. l6) 

has calculated that a comparable radiation processing to 

effect the same degree of safety (as in thermal processing) 

would require a minimum of i io6 rads. 

The environment before, during and after irradiation 

may exert a p*ofound effect upon the radiation resistance 

of a microorganism (Niveri 28, p. !12). Microorganisms 

are more resistant when irradiated in food than ht 

fered suspension (28, p. l3). The use of raw ground beet 

as an irradiation mnenstruum, therefore, is a desirable 

means to study inactIvation of Ç. bouli.i in respect to 

foods. Kempe (6, p, 332) found that when L. x IO spores 

of C. 213 B or an equal number of putrefactive 

anaerobe No. 3679 spores were added per grain of' canned 

meat, sterilization occurred at 3.5 megarep and 2. megarep 

respectively. Keinpe (19, p. 32) also reported that the 

enhanced survival of spores from the destructive effect 

of pze.rradiation and heat treatment was less in gelatin 

and nutrient broth than in phosphate buffer, 



The desirability of certain preservatives in respect 

to enhancing the irradiation destruction of C. botulinurn 

Is suggested by the singular action of the additive on 

C. botulinurn in various substrates. Tanner and Evans 

(33, pp. L1i-5L.) demonstrated that in various culture media 

the inhibitory effect of NaC1 on C. botulinum is different 

when the same concentrations of NaC1 are used in the dif- 

ferent media. Glucose agar containing 6.% or more NaC1 

did not prevent growth. Nutrient broth containing 6.7% 

NaCÎ allowed one culture to show visible signs of growth 

and five strains to produce toxin. lt was necessary to 

add 7.8% NaCl to prevent growth of' all strains In nutrient 

broth. When 7.3% was used In dextrose broth and 7.8 in 

pork infusion brbth, growth and toxin production took 

place. Growth took place in lO.% NaCl in dextrose broth. 

With cured pork, toxin formation was prevented by % NaCh 

Jensen (17, p. 17) states that when 3.% NaC1 is used in 

curing whole pieces and comminuted meats, most anaerobes 

are suppressed except for some few strains of nonpathogenic 

sporogenous anaerobes that can germinate and grow out when 

given heat treatments several times that necessary to 

destroy C. botulinum spores. 

Since C. botulinurn spores are very resistant to both 

heat and radiation, it Is of value to note the effect of 

NaC]. on the thermal destruction of C. botulinum. Esty 



and Meyer (11, p. 661) bund that veal infusion broth at 

0.5% to 1% markedly increased the thermal resistance of 

spores of C. botullauni. At 2% th!s effect was lost and 

up to 8% there was observed little or no effect. Above 

this amount, up to 20%, the effect was to decrease the 

thermal death time. In M/l phosphate buffer (pH 5.92), 

suspensions resisted 100°C. for 110 minutes. Jensen (17, 

p. 25) indicated that the protective £nfluence of NaCI in 

pea liquor was in the range of 1.0 to 2.5%, while 3% 

showed the same protection as 0.5%. Four per cent NaCI 

increases very slightly the destructive effects of temper- 

ature. Greenberg and S!iliker (lL., p. L5), reported that 

with putrefactive anasrobe 3679 spores suspended in pre- 

heated tubes of N/iS pH 6.0 phosphate buffer, increasing 

levels of NaC1 from 0.0 to 2.0% resulted in enhanced 

survival of' the spores. The protective effect was not re- 

versed by increased NaC1 up to iI%. Sodium nitrate and 

sdLuai nitrite had no effect. 

?øxin formation by C. botulinum In Inoculated perish- 

able cured meat with no accompanying organoleptic degra- 

dation was bserved by Greenberg, t al. (13, pp. 509-511). 

This occurred in ham containing 6.25, 7.09, and 7.13 brine. 

lt was suggested that to protect the consumer a perishable 

cured product should have the level of NaC1 within the 

range wherein botulinum toxin formation is attended by 
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obvious organleptic r*kdown (below 6.2 brine), or the 

sal.t level should be such that toxin formation is inh&bÌt 

ed (above 9% brine). 
The germicidal action of spices was described by 

Tanner (2 , pp. 1414.41$). VarIouS spices possessing germ- 

ICidal action are cinneaen, cloves, mustard, thyme, and 

allspice but different organisms differ in thetr resist- 
ance to spice inh1biton Spices function microbiological- 
ly as carriers of natural ingredients that show appreciable 

germicidal properties, Tanner also states that oil of 

mustard is the strongest bacterial preservative, toilowed 
by cinnamon DII and oil o cloves, thyme and bay leaves4 

The oils of spices ars st ere effective than ground spices. 
Jacobs (ls, P. l7l8l7i9) explains that mustard oils, 
which are responsible for the flavor pungency and vesicant 
properties do not exist as such Lit the seed but are proa. 

duced as a result of an enzymatic bydrolyss which occur s 

wien the seeds are macerated in warm water. The enzyme 

myro8in is found lit black mustard seed and breaks down the 

glucoside, sinigrin, forming glucose, potassium hydrogen 

sulfate, and ailyl isothiocyanate, the characteristic 
volatile oil. Kosker, (20, p. iO) demonstrated 

that lO ppm of allyl is .. :othlocyanate added to buffer 
solution and to apple and grape juice caused a marked re- 
duction in the thermal resistance of Aspergillus nigr 
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and Saccharomyces ellipsoides. The effect was less marked 

against Bacillus tharmoacidurans. 

InformatiGn regarding chelating agents was both eonu 

flicting and meager. Levinson (23, pp. ¿41-L1) report- 

ed that ethy1cre diamLne tetraacetic acid (EDTA)is ef- 

fective as a metal bthdXng agent in protecting spores Of 

Bacl1us meatherium açjainst !nsctivation, both by heat 

and irradiation. EDTA, used in smounts ranging from 

0.002 M to 0.2 M was tised as a suspending medium for Ir- 

radiation of' the spores. Riemann (30, p, 4i), working 

with clostridlal spores, indicated that EDIA reversed the 

effect of added cations and Increased the amount of germ- 

ination when added alone. EDTA also Lnduced germination 

of washed spore suspensions as did certain reducing sub- 

stances. A preliminary experiment, conducted in the lab- 

oratory with C. botujinum A-s, indicated that O.00 M 

Versene (dl-sodium salt of EDIA, ow Chemical b., 

Midland, Mich.) would almost entirely inhibit germination 

of heat-shocked spores in the sporulttl*n medium described 

in the methods. The same was nat trus with sodium citrate 

however, which enhanced growth at O.00S M. 

Jacobs (iS, p. l97) describes sodium citrate as an 

emulsifier or plasticizer. Agents Qf this type, sodium 

citrate, potassium tartrate, disodium phosphate and sodium 

casemate are alkaline in reaction. They are usually 
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used in concentrati*s of i to 2 by weight In the rnan 

uÍ'acture of processed cheese. 



EXPERiMENTAL. MATERIALS AND METHODS 

Sp o r e s 

TWO strains of Clostridium botullnum, A-5 and B-115, 

were obtained from the Quartermaster Food and Container 

Institute for the Armed Forces (1819 Pershing Road, 

Chicago, Illinois). They were chosen for high spore 

yields in sporulation media and relatively high resis- 

tance to ionizing irradiation, both repsatedly surviv- 

Ing three megarads radiation in raw ground beef. 

Sporulation Medium 

The sporulation medium was similar to that described 

by Schmidt (31, p. )4.). Glucose was added to stimulat? 

growth (L1.., pp. 372-37L.), and sodium thioglycollate was 

used In the medium to create anaerobic cDnditions. The 

medium was made up from the following ingredients: 

Trypticase (BEL) 5.0% 

Peptone (Difco) 1.5% 

Glucose 0.1% 

Sodium thoglyco11ate 0.1% 

Tap water to make up to volume. 

Sterilization was accomplished by subjecting the broth 

to 121°C. for 20 minutes. 

Since germination occurs soon after heat-shocking, 

anaerobic conditions in the growth medium were required 
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immediately following inoculation, For this reason, the 

broth was inoculated shortly while hot, or after steam- 

ing for 10 minutes. These procedures permitted growth 

without the use of an anaerobic incubator. Viable spore 

counts of I. x io6 spores per ml. of broth were always 

found after seven days of incubation. This medium was 

employed for all meat subcultures and viable spore count 

procedures. 

Phosphate Buffer 

Spore suspensions were maintained In a standard 

phosphate buffer. This buffer, having a pH of 7.0, 

was prepared by combining 0.1 M K2HPO1 with 0.15 M 

KH2P% solution. The complete buffer solution was 

bottled and sterilized at 121°C. for 20 mInutes, 

Distilled water was used to make both phosphate solu. 

tions up to volume. 

Spore Stock Methods 

New stocks of spores were grown for each individual 

experiment. Initially seed spores were taken from an 

existing supply left over from a previous experiment. 

This system was discontinued after several experiments, 

due to contamination and variation. Subsequent spores 

for each experiment were grown from a single stock 

culture stored In vials at L°C. 



Seed spore suspensions containing approximately 

I X 108 spores per ml. were heat-shocked at 80°c. for 

ten minutes,, time being allowed for come up temperature, 

and added to a 200 ml, flask of freshly steamed broth. 

The inoculated flasks were incubated for 7-10 days in 

an air incubator at 3°C. A total volume of' 2.L. L of 

broth was sufficient to produce an adequate spore >'Leid 

for an experiment, 

Following incubation cultures contained cellular 

debris and free spores, resulting from autolysis of 

spore-containing vegetative cells, a phase character- 

istic of the sporulation stage in C. botulinum (31, 

Ps L1). Harvesting consisted of centrifuging the broth 

culture at 2000-2200 revolutions per minute, alternate 

washing and removal from phosphate buffer, and resuspen- 

slon In a final volume of' 200 ml, phosphate buffer, 

Spores were stored In the cold at LC. until use, The 

concentrated stock suspensions gave a viable spore count 

of 1 X lO spores per ml., which remained constant at. L.°C. 

for ieveral months of storage. 

Viable spore counts were determined on stocks before 

an experiment by the most-probable numbers method. A 

heat-shocked suspension was serially diluted in sterile 

tap water blanks to give dilutions of 102, j0'44, io6, 

and 1010. Ten tubes of freshly steamed anaerobic 
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brDth were inoculated from each blank, incubated at 

3S°c for five days, and examined for growth. Most 

probable number estimates were made by growth in a 

minimum of five tubes showing growth at the highest 

dilution, Spore stocks were checked regularly for 

aerobic cDntamination by streaking several loopfuis of 

Ui* stock suspension onto nutrient agar and ncubat1ng 

at 30C. 

Heat Shock Procedures 

Prior to inoculation into meat, or other media, 

spores were heat-shocked at 80°C. for ten minutes in a 

constant temperature water bath. This was done to kill 

the vegetative cells and to initiate germination of 

spores from the dormant state. Heat shocking spores was 

found not to affect radiation treatments on spores (19, 

p. 5l). Heat shocked spores were then placed In an ice 

bath to prevent germination and inoculated meat was 

kept near freezing temperatures to prevent germination 

until after the irradiation treatment. 

Irradiation Medium 

Spores were irradiatec in raw ground beef, prepared 

from choice grade government inspected meat, having a 

composition of approximately 8% lean to 15% fat. Meat 

was obtained from a local meat market, délivered 
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Immediately after grinding, and used in the laboratory 

within 2L. hours after delivery. It was kept at wet ice 

temperature before and at tir packing. 

Preparation of Meat Packs 

The method for preparation of meat packs was similar 
in all experiments. Meat was weighed out in the required 

amounts, additive(s) mixed into the meat, placed in the 

.0C. refrigerator for 16-18 hours to allow the additive(s) 

to disperse as thoroughly as possible, and inoculated. 

One million heat shocked spores were added per gram of 

meat in all experiments, 

Nine small baby food cans (202 x 2014.), each with a 

capacity of' 100 grams of meat, were used per treatment. 
All cans were sealed with a modified Model No. ôi2JiI7 

Maid of Honor Automatic Can Sealer (Sears, Roebuck and Co.), 

After closing, cans were Immersed in a cold, strong, 

chlorine solution containing a detergent, and rerinsed in 

an ice-water bath containing an excess of 1000 ppm 

chlorine. 

Cans were immed!atelypacked and maintained in wet 

ice during shipment to the Irradiation facility. Ir- 

radiation was conducted at the amblent temperature, the 

shipment repacked in wet ice and shipped back to the 

1 ab o r a t o ry. 



Radiatiort $*urce 

irradtatton treatments were conducted at the Gamina 

Test aci11t1es, Arco, Idaho. Dosimetry was taken each 

day, the flux rate determined and time required for 

irradiation applied accord1nly. 

Small glass dosimeters were inserted into cans of' 

uninoculated meat in the laboratory. The glass dosimeters 
were not quantitative, but Were helpful in assessing the 
irradiation dosage. The dosages given to meat packs 

were l., 2.0, 2.5 and 3.0 megarads. The shipment to 
Arco, time of irradiation, and shipment back to the 

laboratory required an average of ten days. 

of' Su r val of Sp o r es in I r rad i a ted Me at: Sub- 

culture Techniqi.e 

On arrival, following irradiation, cans were ex 

amined for leaks and immediately placed In a 3C. 
Incubator until a hard swell condition developed. Cans 

displaying hard swells were placed under refrigeration. 
If no swells developed, cans were removed from the incu- 
bator after 30 days or longer. 

After recording the swell condition meat packs 
were assayed for the presence of surviving spores. Cans 

were rinsed In a OOO ppm chlorine solution, dried, and 

the taps flamed wIth 95% ethyl alcohol. Where hard 



swells were present, a sterile hollow punch was used to 

release the gas prior to opening with sterile can openers. 

Sterile petri dish covers were placed over the cans at 

*11 times to maintain aseptic conditions. 

Each can of' meat was examined for gross spoilage 

characteristic of C. botulinum and several representative 

samples, totaling 3 or 1. grams, were removed and placed 

in a sterile screw-cap test tube. Five ml. of sterile, 

freshly steamed, cooled (to avoid destruction of exts 

Ing toxin) broth was added, the tubes shaken, and incu 

bated at 35°C.. for seven days. 

Sbcu1tute tubes were centrifuged at. 2500 revolutions 

per minute for 5 minutes. The supernatent was decanted 

from the meat and divided into two portions. Portion one 

of the supernatent was capped with a rubber serum bottle 

stopper, while portion two was boiled for 10 mInutes, 

centriftiged, the supernatent placed In another tube and 

stoppered wtth a rubber serum bottle stopper. Samples, 

ready for mouse inoçulation, were stored at 1°C. until 

used. 

The meat sediment was examined for C. botullnum by 

the fat inclusion stain method described by Burdon (8, 

pp. 66g-678), This stain was found to be good for the 

exam1natIor of raw meat samples for C. kDlulinum. 
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Mouse Inoculation 

Two white mice, weighing between 20 and 2S grams, 

wet, inoculated intraperitoneally with 0.2 ml. of un- 

boiled supernatent and one mouse Inoculated in the same 

manner with boiled supernatent. A positive for the 

presence of botulinum toxin was indIcated when the two 

mice receIving unbotled supernatent died within L8 hours 

and the one receiving the boiled supernatent survived. 

No toxin was indicated when all mice survived. 

The boiled inoculum was a control measure to detect 

a heat stable toxic factor capable of giving false 

positives for toxin. Toxin is very heat liable, being 

destroyed by boiling after several minutes. Ammonia, 

as well as other heat stable toxic compounds from common 

putrefactive microorganisms, was described by Dack (lo, 

p. 81) as giving false positive. 

Individual Experiments 

tx experiments were conducted on one ormore food 

additives per experiment. Commercial food products or 

reagent grade chemicals were used exclusively. Additives 

were introduced in an aqueous stock solution or suspension 

facilitating distribution into meat. Compounds were 

employed at approxImately the same concentration normafly 

used or permitted in food by the USflA. 



22 

Each experiment was set up with nine replications 

of each treatment, except where data from previous 

experiments Indicated it was not needed, Tabtes l-6 in- 

dicate the basic plans and methodi peculiar to the 

individual experiments. 

Sodium Chloride 

Iodized table salt containing O.Oi%KI (Morton Salt 

Company, Chicago, Illinois) was added directly to the 

meat in concentrations et 1, 2, and 3 per cent. A period 

of iO hours at L°C. prior to inoculation was employed 

to allow sait to diffuse In the meat. Neat was Irradi- 

ated at 2.O, 2., and 3 megarads. 

Mustard 

An experimental quantity of synthetic oil of mustard 

(ally! isothiocyanate) was acquired from the 1!Ìn. J. 

Stange Co. (Chicago, 12 Illinois). Mustard, added in the 

concentration of 0.1%, is slightly above that added to 

lunch meats. To facilitate dispersal, a 1:10 mustard 

oil In distilled water suspension was prepared and shaken 

vigorously Immediately before addition dIrectly to meat 

and steeped overnight at L°C. prior to inoculation and 

packing. 



E3asfc plan for sodium ch1orideirradiat1on experment with ÇIostridi 
botulinum strains A-5 and B-115. 

I 

- - 
Dosage control Control Sodium Chlorld** 
Negarads Uninoculated Inoculated 1% 2% 3% 

0.0 9 - - 9 

2.0 9 9 9 9 9 9 

2.5 9 9 9 9 9 

3.0 9 9 9 9 9 

- - 

-m- - . : - 

i Experiment conducted in duplicate with str*tns Au'5 *id B.'I1 respect ively. 
2 Nine replications per test treatment. 
3 Blank spaces indicate test condition was not required. 
j aQfl Iodized salt (0.01% K!). 

i x 106 heat-shocked spores údded per gram of meat. 



Table 2 

Basic pian for irradlation_mustarda experiment with Costridium 
botuinum strains A- and B-liS. 

- 

Dosage 

.. 

ontroi Contr:ól Syñthetic 

- 

Oil: 

r. , -, -- 

of Mustärd O.i$ 
Megarads T1noculat*d inoculated Uninoculated Inoculated 

:. 

0.0 

. . .: 
9 

. 
9 

.; .1 

9 

... .. . 
9 

2.0 9 9 

2.S 9 _ 9 

3.0 .9 .9 
.-. ,... 1.. ., : r.. 

. i Experiment conducted iñ duplicate with strains A-5 and Bl.i5 
respectively. 

2 Nine replications per test condition. 
3 Blank spaces indicate test condition was not required. 
14. asynthej.Ic oil of mustard (allyl isothiocyanate)a 
5 1 x 100 heat-shocked spores added per gram o meat. 



Mustard and Sodium Chloride 
An experiment utilizing both mustard and sodium 

chloride in combination was designed. moth additives 
were incorporated the same manner as in the preced- 
ing experiments. Reagent grade sodium chloride was used 
Instead of atable salt" for the experiment. 

$rvey Experiment 

To substantiate earlier results on certain addit1es 
and to test new compounds of interest, irradiation was 

conducted at the threshold level of three megarads. 
Additive compounds and spores were incorporated 

into the meat simultaneously with no holding period as 
employed in preceding experiments. Mditivestested were 
sodium chloride, calcium chloride, sodium citrate, nutin, 
sage, coriander, mustard, mustard and sodium chloride, 
and Versene (Dew Chemical Co.). 

Sodium CItrate 
The survey experiment provided data that indicated 

further work with sodium citrate was warranted. A stock 
solution was employed whereby 20 ml. added to 900 grazs 
of meat would provide the desired concentratjon of 0.01%, 

0.1%, and 1.0%. A period of 16 hours at 14.0C4 was allowed 

for maximum dispersion of the sodium citrate. The meat 



Table 3 

Basic plan for irradiation_mustarda and sodium chlorideb experiment wIth 
Clostridium botulinurn strain B-ll. 

- L- - -.- -$ . -r - --- 

Dosage Control Control Mustard Mustard 0.1% 
Megarads Uninoculated Inoculated 0.1% NaC1 Ì NaC13 
..--- .::. ... 

... .--- .... .,.. 

o o 3 _ - - 

l. 3C 9 9 9 9 9 

2.0 3c 9 9 .9 9 9 

2J 3c 9 9 9 9 9 

i i X 106 heat-shocked C. botulinum B-ll spores added per grani of meat. 
2 asynthetic oil of' mustard (allylTsothiocyatate). 
3 bNaCl, reagent grade. 
L. CGiass dosimeters inserted into meat before can closure. 
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Table L 

Basic plan for irradiation-survey experiment 
with Clostridiuin botulinun strain B-115. 

Treatment Number 
3 Meaarads Irradiation of 

Control 
Control 
Na Ci 
NaC1 
Na Cl 
CaCl2 
Ca Cl2 
Mu s tard 
Mu sta rd 
NaC1 
Nutmeg 
Coriander 
Sa ge 
Vers ene 

ration 

(uninoculated )a 

Sodium Citrate 

2% 
3% 

3% 
5% 
0.1% 
0.1% 
3% 
0.19% 
0.25% 
0.25% 
o 186% 
0.1% 

b 

a 

a 

e 

e 

a 

s 

a 

s 

e 

* 

a 

* 

a 

at I 

I 1 X 106 heat-shocked C. botulinuin B-115 
spores added per grari of' meat. 

2 aGlass dosimeters inserted into meat before 
cart closure. 

3 Reagent grade: NaC1, *Ci2, Na3C6HÇO?.2H20. 
!1 Versene (Na2-Versene); 0.1t36%0.005M. 
5 Synthetic oil of mustard (ally isothiocyanate). 
6 AlI spicest Powder form, Cream of Spice 

(Win. Stange Co.). 



Table 5 

Basic plan for irradiation-sodium citrate experiment with Clostridium 
botulinwu strain B-115. 

Dosage 

: 

Control Control 

-- - : 

Sodiwn-Citrate 
Megarads Uninoculated inoculated O.Ol 0.1% 1.0% 
- 

rn - 
- 

0.0 3 3 3 3 3 

1.5 9 9 9 9 

2.0 3a 9 9 9 9 

2.5 3a 9 9 9 9 

3.0 3a 9 9 9 9 

I 1 X 106 heat-shocked C. botullnum B-115 spores added per grain of meat. 
2 G1ass dosimeters inserted into meat before can closure. 

3 Sodium Citrate (Na3C6HSOÎ.2H20), reagent crystals. 
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was Inoculated and canned in the manner previously 

described. 

Sodium Citrate and Versene Ca 

Sodium citrate In concentrations of 0.01 and 0.1% 

was added as described in experiment . Versene Ca, a 

calcium sodium chelate of ethylenediamine tetraacetic 

acid, specifically designed for food addition, (Dow 

Chemical Company, Midland, Michigan) was added in concen- 

trations of O. and 0.0% in 20 mi stock solutions. 



Table 6 

Basic plan for irradiatiorì-zodiunì citrate, irradiation Versene-Ca 
experiment with Clostridium botulinum strain B-llf. 

- n-:---- -r 

Versene-Ca Dosage 

. 

Control Control Sodium Citrate 
1'4egarads 
- 

Uninoculìted Inoculated 0.01% O.l O.O% 0.5% 

0.0 3 3 3 

- 

3 

- 

3 3 

3* 3 9 9 9 

2.0 3* 3 9 9 9 9 
3* 

3 9 9 9 9 

3.0 3* 
3 9 9 9 9 

t-_ - - -- -s -n -a- - - --- 
- 

i i X io6 heat-shocked spores C. botulinwn B-ll added per grai;i of meat. - 

2 Glass dosimeters Inserted into meat bCfore can closure. 
3 Sodium citrate (NaC6HO7.2H2O) reagent crystals. 
L Versene Ca (Calciut soalum chelate of ethylenediamine tetra acetic acid), 

Formula: (CIOH1203N2CaNa2.2H20), Food grade. 
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EXPERIMENTAL RESULTS 

General Cons1deratins 

Results of the individual experiments are foiind on 

Tables 7-A through 12. The controls, consisting of un 

inoculated and inoculated cans of meat containing no 

additives, were very important to the over-all pcturs of 

results. These controls, prepared identcal1y in ali ex- 
periments, demonstrated the consistency of data from one 

experiment to another, as well as serving as controls 

In the Individual tests. 

In several cases the levels of destruction for C. 

botulinurn In meat by seemingly identical treatments with 

irradiation and additives was not the same. This varia- 

tion was caused iy two main factors; the inherent dif- 

f&çulties encountered in working with a complex irradia- 

tion medium such as raw meat and the necessity of ship- 

ping iîieat packs long distances under refrigeration to the 

Irradiation source, In the first case the pH of the meat, 

thoroughness of mixing in additives and spores, and 

variation of the meat from experiment to experiment, con- 

tributed to differences in irradiation resistance of 

spores. Especially significant in respect to variations 
in results, however, was the time of year that a meat 

pack was shipped to the irradiation facility. The hot 

summer months, along with variations in temperature control, 
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influenced survival of spores. Another important factor 

was the variation of irradiation dosage for certain cans 

due to the arrangement in the irradiation source. 

in view of the possible outside influences causing 

variation in results between experiments, each experiment 

must be considered as somewhat unique. However, the 

validity of results Is not in question since every ex- 

periment was rigidly controlled by the uninoculated and 

inoculated meat contrsl*. 

Dosimetry 

In addition to the dosimetry control at the irrad- 

letton facility, small glass vials included in the cans 

of uninoculated meat indicated a qualitative measure of 

irradiation. Dosages of 1.5 to 3.0 megarads produced a 

similar dark amber color in the glass which was taken as 

evidence of the irradiation treatment. 

Criteria of Survival 

To establish the inactivation of C. botulinum it 

was necessary to demonstrate that no viable cells, viable 

spores or toxin were present in cans of meat. An early 

indication of survival was reflected in swelling Df cans 

incubated at 3S°C. Hard swells were usually indicative 

of survival but were not always a reliable criterian. 

A solid basis for confirming survival was the actual 
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subculture of meat and subsequent mouse Inoculation 

from the subculture. aotulism toxin was Identified In 

the subculture by mouse lethality which gave character- 

istic symptoms consisting of' paralysis of the abdominal 

muscles, labored breathing with respiratory failure and 

death in 3-2L. hours after inoculation. Tøxin production 

was usually demonstrated in subculture, however direct 

determination of toxin was made occasionally on Irrad- 

lated meat when such procedures were warrented, Nine 

replications per experimental treatment were used to 

give statistical signIfIcance to results. Demonstration 

of growth or toxicity in any one of nthe replications 

indicated survival of C. botuilnum for that respective 

treatment. 

Uninoculated Controls 

Uninoculated controls, both unirradiated and Irrad- 

lated and containingno additives were non-toxic except 

in two instances (Tables 7-A and Il). In the first cast, 

lethality exhibited by the 2.0 megarad control was at- 

tributed to a t?falsepositIve factor described by Dach 

( 10, p. 81). in the second case an endo-spor'e contain- 

Ing rod, characteristic of C. botulinum, was recovered. 
it did not survive 1.5 iegarads, however It did produce 

a toxin lethal for mice and was probably a natural con- 

taminent In the meat, 
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Incculated ntrß 
C1ostrdiurn bøtul!num was recovered from all in 

oculated cans not contsning additives, Irradiated at 

levels up to and Including 2. megarads. At 3.0 

megarads, constdered the threshold for the destruction 

Df £ botulinum in meat, subcultures proved toxic for 

mice with only one xcept1on (Table il). The destruc' 
Uve effects of 3.0 megarad irradiation on spores 

Inoculated into meat was not sufficient to destroy the 

spores of strains A-, and ßU5, 

Sodium coride and Irradiation 

Data presented on Tables 7-B and 10 indicate 
that both strains of C. botulinum are similar in relative 

resistance to the combined destructive effects of sodium 

chloride and irradiation in at. Strain A-5 was slight- 
ly less resistant than strain B-ll. 

Strain A-5 was destroyed in raw ground beef by the 

combined lethal action of Li. per cent sodium chloride at 2.0 
megarads and 3 per cent sodIum chloride at 2.0, 2. and 

3.0 inegarads (Table 7-A). No swollen cans or recovery n 

subculture were found at these levels of salt and ir- 
radiation, A significant reduction in the number of 

swollen arid lethal cans was fouM for 2 per cent salt 

and irradiation as compared to the inoculated controls. 
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The synergistic destructive effect of 3 per cent 

salt and 3.0 megarads IrradIation on C botulinurn 

strain B-ll was demonstrated In two similar experl- 

rìents. In experiment 1, straIn B-ll! in meat contain- 

Ing ¿i per cent. sodium çhloride and Irradiated at 2.0 

rnegarads was destroyed as indicated by no swollen cans; 

and failure to recover vIable spores and to demonstrate 

toxin in subculture (Table 7-B). At 3.0 megarads 

irradiation and 3% concentration of NaC1, viable spores 

cf C. botulinum B-115 could he recovered. However the 

salt did have a pronounced effect in that only one can 

was found to contain viable spores and toxin out of 

nine, 

Data from a second experiment (Table 10) conducted 

at three megarads, illustrated that the addition of 3 

and 4-% sodium chloride respectively, to inoculated 

meat inactivated the spores of C. botulinum strain 

B-115. No swollen cans, recovery in subculture or 

toxicity Df' subcultures for mice was found. At. a concen- 

tration of 2% salt and 3.0 .megarads, cans exhibited no 

swells but microorganisms typical of C. botulinum were 

recovered in subculture that produced toxin lethal for 

mice. 

The irradit1on effects on the destruction of spores 

of strain B-115 in meat containing sodium chloride was 



Table 7-A 

Effect of garnrnairradiation on Clostridium botulinum A-5 spores mixed Into raw ground 
beef containing sodium chloride. 

Dosage Uninoculated Inoculated 

- 

Sodium 

r--j 

Chloride 
Megarad Control Control 

1% 2% 35 14% 

Hard Lethaib Hard Lethal Hard Lethal Hard Lethal Hard LethaiHard Lethal 
Sweilsa 

.,.r . 
Swells Swells Swells Swells 

.. 

Swells 

0.0 - 2/2 - - - a. Q 11/14. 

2.0 S 
2/9e 

9 3/L1 9 2/2 2/9 .30/9 0 0/9 

9 0/9 9 2/L1. 9 3/1v. 4 34 0/9 

3.0 8 0/9 9 2/Lj. 9 1/9 14. 1/9 0 0/9 

aNumber of cans developing hard swells following incubation at 3500. 
bNumber of subcultured cans lethal for mice over number subcultured cans tested. 
CFalse positive. 
dNot included in experiment.. 



Effect of gamma -3rradiation on Clostridium botulinum B-115 spores mixed Into raw ground 
beef containing sodium chloride. 

Dosage Uninoculated inoculated Sodium Chloride Megarad Control Control 
1% 3% 

Hard Letha1b Hard Lethal Hard Lethal Hard Lethal Nard Lethal Hard Lethal Swelisa Swells Swells Swells Swells Swells 

0.0 .. * 
9 2/2 - - - . - - 9 2/2 

2.0 9 0/9 9 2/2 9 2/2 8 2/2 5 2/2 0 0/9 

2. 9 0/9 8 2/2 8 1/9 9 2/1i 2 2/1I. _ 

3 o 9 0/9 9 2/2 8 2/I1. L. 2/2 1 1/9 - - 

----- - - - --- -- - ----- ----- 

aNumber of' cans developing hard sweiS following incubation at 350C. bNumber of subcultured cans lethal Îr mice over number of ubcultured cans tested. CNQt Included In experiment. 



subject ta variation attributed to irradiation pr*- 

cedures and handling, This variation was not sigrUf- 

icant since the destruction of C. botulinuin B-11 was 

readily demonstrated by comparison to the inoculated 

controls in each experiment. 

There was no difference in the destructive effect 

on C. botulinum observed between Iodized salt and non- 

iodized salt when incorporated into meat subjected to 

irradiation. 

Calcium cMoride and Irradiation 

Clostridiurn botulinum, strain B-lIS, could not be 

recovered by subcuiture, nor wereswollen cans present 
in inoculated meat containing .3 and 5% calcium chlorIde 
which was irradiated at 3.0 megarads (Table 10). How- 

ever, calcium chloride had an undesirable effect, 
bleaching the meat and producing a cheesy texture. 

Nustard and Irradiation 

Neat plus 0.1% synthetic mustard and subjected to 

ionizing radiation decreased the survival of 

botulinum to a greater extent than other additives in 

combination with radiation. The resistance of spores 

of strains A-5 and B4l5 were of a similar magnitudé, 

with strain B-l1 slightly more resistant. 
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C. botulinum, strain A-5, inoculated into meat con- 

taming mustard and irradiated at 2.5 and 3.0 megarads 

was destroyed and no cans became swollen nor was 

botulinum recovered in subculture. Spores were not 

destroyed at 2.0 megards, however swollen and lethal 

cans were not as nunierous as shown with the inoculated 

control (Table 8). 

Strain B-115 was not destroyed In meat containing 

0.1% mustard and irradiated at 3.0 megarads, however 

some destruction was apparant by the reduction of' 

swollen and lethal cans in comparison to the inoculat- 

ed c*ntrol (Table 8). Data from a subsequent experi- 

ment (Table 9) indicated that 2.5 and 3.0 megarads in- 

activated the spores. No swollen cans or recoveries 

in subculture were found. lt is apparent that the 

irradiation resistance of C, botulinum, strain B-115, 

appears to Vary under identical conditions. 

Sodium Chloride, Mustard and Irradiation 

The influence of' mustard oil in enhancing the 

destruction of' C. botulinum by irradiation appeared to 

mask the effects of mustard and NaC1 in combnatton 

(Table 9). No swelling of incubated cans or recovery 

of . botulinum in subculture was demonstrated for meat 

containing mustard and sodium chloride irradiated at 



Table 8 

Effect of gamma-Irradiation on Clostridium botulinum A-S and B-lIs spores mixed into raw 
ground beef containing mustardd. 

Dosage Uninoculated Inoculated with A-S Inoculatedwith B-l5 
Megarad ContrF 1% Mustard Controf O.l%1"Justar6 Control 0.1% Mustard 

Hard Lethilb Hard Lethal Hard Lethal Hard Lethal Hard Lethal Hard Lethal 
Swe i i 5a_ Swe ils Swe i I s Swells Swel I s Swe i I s 

0.0 9 0/9 7 0/9 9 2/2 9 3/8 9 2/2 9 2/2 

2.0 -c - - - 9 2/2 6 L/5 9 2/2 7 2/2 
- - - - 9 2/2 0 0/9 9 2/2 2 2/2 

3.0 0 0/9 0 0/9 9 2/2 0 0/9 9 2/2 1/9 

aNumber of cans developing hard swells following Incubation at 350C. 
bNumber of subcultured cans lethal for mice over number stibcultured cane tested. CNt included in experiment. 
d5ynthetic mustard oli (allyl isothiocyanate). 



Effect of gamma-irradiation on Clostridlum botulinum B-ilS spores mixed £nto raw ground 
beef containing mustardd and sodium chiaridee. 

Dosage tJninoculated noulated 0.1% 0.1% MustaÑ 
Megarad 

Contrai Mustard NaC1 1% NaC1 2% NaC1 3% 

Hard Lethaib Hard Lethal Hard Lethal Hard Lethal Hard Lethal Mrd Lethal 
Sweilsa Swells Swells Swells Swells Swells 

o o 3 0/3 - - - - - - - - 

. 
I . 5 3 0/3 9 2/2 1 2/2 9 2/2 8 2/2 0 2/2 

2.0 3 0/3 9 2/2 00/9 00/9 o 0/9 00/9 
¿J 3 0/3 92/2 00/9 0 0/9 0 0/9 0 0/9 

3.0c 0 0/9 2: 2/2 0 C/9 o 0/9 - - - - 

aNumber of cans developing hard swells fDilowing incubation at 35°C. 
bNumber of subcultured cans lethal for mice over number subcultured cans tested. 
COata for comparison, taken from Table L. 
dSynthetic mustard oil (allyl isothiocyanate).. 
eneagent grade sodium chloride. 



2,0, 2. snd 3.0 megarads. Irradiation at l. megarads 

did not destroy C. botulinurn, strain B-ll, and growth 

in subcultures developed from cans having no swells. 

Nutmeg and Irradiation 
No swollen cans developed from neat inoculated with 

strain B-115, containing 0.19% nutmeg and irradiated at 
3.0 megarads. Nutmeg, next to mustard, was the most 

effective spice for enhancing the irradiation destruc- 

tion of C. botulinwn (Table 10). 

Coriander and Irradiation 

Coriander, at 0.22%, In meat had a limited effect on 

Irradiation destruction of strain B-115 at 3.0 iegarads. 
Viable spores were recovered only in one ont of the nine 
cans subcultured (Table 10). 

Sage Irradiation 

The presence of 0.25% sage in Inoculated meat did not 

enhance the irradiation destruction of spores of strain 

B-115. All cans were swollen following Incubation and 

meat subcultures were lethal for mice. In fact, sage 

appeared to Increase the irradiation resistance of strain 

B-115 spores to irradiation. 
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Versene and Irradiation 

Experimental results using ethylene diaminetetra- 

acetic acid (EDtA), indlc*ted that in low concentra- 

tions, the leth*l effect of Irradiation at 3.0 megarads 

on spores of C. botulintim, strain B-115 is intensified. 

Data on Table 10 show that no swells or lethality for 

mice from subcultures was found in cans of inoculated 

meat containing 0.186% Versene (the dl-sodium salt of 

EDTA). A subsequent experiment employing Versene-Ca 

(calcium sodium salt of EDTA) at. a concentration of O.O% 

in meat and Irradiation of 3.0 megarads, also macti- 

vated the spores of strain B-ll. No swollen cans or 

lethal subcultures from any of the nine cans were found. 

At the concentration of O.% Versene-Ca, the survival of 

&. botulinum was encountered fri the meat irradiated at 

3.0 megarads, however the number of swollen and lethal 

cans were lower than the inoculated control. It was 

interesting to find destruction of C. botulfnum at O.O 

Versene-Ca and survival at the higher concentration of 

O. Versene-Ca. 

dium Citrate and Irradiat&*n 

Sodium citrate, at a concentration of 0.1% in meat 

subjected to irradiat&on at 3,0 megarads, destroyed the 
spores of C. botulinum, strain 8..1l5. in three con 

secutive experiments (Tables 10, 11 and 12), few swollen 



cans were encountered and no C. botulinum was recovered 

in meat subculture. All subcultures were not lethal 

for mice. 

A concentration of 0.01% sodium citrate had no 

effect in the meat Irradiated at 3.0 megarads as com- 

pared to inoculated controls. Sodium citrate at 1.0% 

appeared to enhance survival (Table 11). Survival at 

1.0% but not at 0.1% In meat subjected to 3.0 megarads 

irradiation was similar to the results obtained with 

EDTA. 

Sodium citrate had a desirable effect on the organ- 

oleptic qualities of irradiated raw beef. The irradi-. 

ation odor was significantly reduced and the texture of 

the meat was not altered in comparison to the odor and 

texture of irradiated meat containing no sodium citrate. 

The odor of irradiated meat containing sodium citrate 

resembled fresh raw meat. 



Table 10 

Effect of gamma-irradiation on oetridiu 
otuiinum B-ll spores mixed into raw ground 

beef containing additIves. 

Dosage Additive(s) Harda LethaRb 
Megarad Swells 

Control (unjn*cuiated) O 0/9 
Control 2 2/2 

2% 0 1/9 
NaCI 3% 0 0/9 

¿3% O 0/9 

3.0 CaC12 3% 0 0/9 
5% 0 0/9 

CMustard 0.1% O 0/9 
CMustard O.1-NaCi 1% 0 0/9 
Nutmeg 0.19% 0 0/9 
Coriander 0.22% 2 1/9 
Sage 0.2% 9 2/2 
Versene 0.186% 0 0/0 
Sodium Citrate 0.1% 0 0/0 

__J_ 11- 1L 

5Nmber of cans developing hard swells following 
incubation at 3°C. 

bNumber of subcultured cans lethal for mice over 
number of subcultured cans tested. 

CResults used on Table 9. 



Table ii 

Effect of gamina-Irradiation on Clostridium botttiinun B-ilS spores mixed into 
raw ground beef containing sodflim citrate. 

- 
Dosage Uninoculated Inoculated 

_._ - _$- 

Sodium 

- 

Citrate 
- - - 

Megarad Control Control 0.01% 0.1% 1.0% 

Hard Let.halbHard Lethal Hard LethaiHard LethaiHard Lethal 
Sweilsa 

.. .-. 

Swells 
: 

Swells 
- 

Swells 
- .- .. 

Swells 

0 .0 3 0/3 3 

..H: .. 

LC 
.: 

3 

...... 

L 3 

.... .... .- 

L 3 

.. 

L 

1.5 0 0/3 9 L. 9 L 9 L 9 L 

.2.0 0 0/3 9 L 9 L 9 L 9 L 

2.5 0 0/3 7/9 2/2 7/9 2/2 7/9 2/2 5/9 1/2 

3.0 0/3 c/9 0/9 0/9 1/9 0/9 0/9 O/ 1/9 

. . - - --- 

aNumber of cans developing hard swells following incubation at 35°C. 
bNumber of subcultured cans lethal for mice over number of subcultured 
cans tested. 

CLetter "L" designates cans assumed lethal for mice after visual exam- 
ination of meat. 



Table 12 

Effect of gamma-irradiation on Clostridium botulinurn BI1 spores mixed into raw ground 
beef containing sodIum citrate and Verse-Ca respectively. 

Dosage Unineculated Inoculated Sodium Cjtrtte Versene-Ca 
Megar*d Control Control 0.01% 0.1% O.O% a5t 

1l;i-- Lethaib liard Lethal Haro Lethal HardLethal liard Lethal Hard Lsthai 
Swelisa Swells Swells Swells Swells Swells 

0.0 3/3 
213d 

Le 3/3 L 3/3 L. 3/3 I. 3/3 L 

iJ 0/3 0/3 3/3 L 9 L 9 L 9 L 9 L 

2.0 0/3 0/3 3/3 L 9 L 9 L 9 L 9 1. 

0/3 0/3 3/3 2/2 9 2/2 8 2/2 8 2/2 6 2/2 

3.0 0/3 0/3 3/3 2/2 3 2/2 3 0/9 0 0/9 2/9 2/9 

aNumber of cans developing hard swells following incubation at 30C. 
bNumber of subcultured cans lethal for mice over number of subcultured cans tested. CLetter "L" designates cans assumed lethal for mice by visual examination of meat. 
dNatural contaminent Clostridiusu botulinum recovered. 

4:- 
-4 



Di ScUS SION 

LaWá 1 ____ 

cznsot rn*at that became swollen following lncuta- 

t!*n usually were a good indication Df survival of Çio- 

tti4it botulinum. However, frequently swollen cans did 

not give positive or 1*th*1 stzbcuitttres. This is explain- 

ed on the basis that irradiation at high levels causes 

cans to swell, especially if the cans are over-packed 

wLth rneat 

in some Instances, cans displaying no swells would 

contain meat producing lethal subcultures. The 

of the survival of £. botullnuni in cans displaying no 

SW$l1* following eIther conventional methods c preser- 

vation or radiation treatment, has been substantIated by 

flack (lo, p. 80) and Keinpe (lB, pp. 33O332) respectively. 

flack further statis that th laboratoty diagflosis one can- 

not rely on odor or gross spOilage in previously unopened 

contalñers as evidence Dt the prssenc. ot toxin. 

As mentioned previously, recovery Of . botulinurn 

In meat subcultures and demonstration of' toxin in the 

subculture was the basis for determining survival The 

conventIonal method of determining the presence of C. 

botulinum in a food Is by steeping a sample of the food in 

a O.8 saline solution, decanting off the solution and 



inoculating nLce with the solution as descrLbed by Dack 

(10, p. 81). it was fDund that the saline steep method 

was not as sBnsltive as subcuituring. A pr?IixTiinary ex- 

periment in the laboratory indicated that sithculturing 

meat In the anaerobic mnediwn described was a superior 

method fr detecting survival of C. botulinum by growth 

in subcniture,production of tcx!n in subculture and possible 
presence of toxin in meat. The use of the subcutr 
method was further based on the fact that Boor et al. 
(7, pp$ 27-272) reported that lower values (of' toxin) were 

obtained by mouse assay of tetnurn and botulinum toxins in 

saline than in solutions of meat broth, peptortes or serum. 

Potentlation afforded by broth and serum was responsible 

for higher assays1 poor also indicated that mucin, 

gelatin, seruni, protein, etc. render an animal more suc- 

ceptible to action of toxLx. 

The sensitivity of the subculture method was such 

that L' botulinum could be recovered from meat exhibiting 

no odor or visual signs of growth. Assay methods there 

fore indicate a fsirly complete picture of the destruction 

of spores of C, uiinum in the irradiated, experimental 

meat packs. 

Effect of Addlttves and irradiation - 
- ; _ - - --- 

- 

The growth cycle of L. botulinum 62A Is described 
by Schmidt (31, p. 11) in a medium consisting of trypticase 
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and 0.2% sodium thioglycoliate. Starting with a heat 

shocked spare inoculum, germination of spores and peak 

vegetative population is reached in 16-20 hours. This is 

followed by rapid lysis of a portion of the population 

and sporulation by 90-95% of the nonlysed population. 

A similar set of circumstances was observed In the lab- 

oratory, and a side experiment Indicated that In the 

growth cycle, the germination stage Is the most vulner- 

able to the environment. It was found that parachloro- 

mecurlbenzoate (PcNB), a suifhydryl group inhibitor (25, 

pp. 118.419), would prevent germination of heat shocked 

spores in the basic medium described in the methods 

(containing 5.0% trypticas.). This indicates that an 

enzyine..Containlng sulfhydryl group is very important to 

germination. Therefore, the fact that food may be pro- 

tected from severe irradiation damage by adding free 

radical acceptors such as iso-ascorbate and ascorbic 

acids, sulfite, furnarate, and glutamate (29, p. 237-2L2) 

indicate that the spores of C. botullnwn may also be 

spared In Irradiated foods containing these compounds. 

Studies by Costllow (9, p. 14v) indicated that 

irradiated spores of' C. botulinum 6!-A germinate in % 

trypticase as rapidly as control spores when germination 

was measured by optical density and staining properties. 

However, subsequent data in the same article suggested 
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that germinating spores mtist synthesize one or more 

necessary enzymes before they can ferment trypticase; and 

that the exposure of the ungerminated spores to radiation 

results In a decrease in the rate of enzyme synthesis 

Í'ollowing germination. in the lieht of' the foregoing 

discussion, it is possible to conceive bow food addItives, 

employed In meat containing C. botulinum spores would 

enhance radiation damage on the spores. 

The bactericidal action of sodium chioride in a food 

medium is described by Jacobs (16, pp. 17735aO) as 

due to the poisonous action of the sodium and chlorIde 

tons, unavailabiflty of moisture, dehydration and osmotic 

pressure. Nieman (27, p. 7) indicates that salinity may 

affect cell division in plants, which In turn may be 

limited by the supply of genetic material. Therefore, the 

mode of' action of NaC1 by any of these factors would pro- 

fondiy affect spors irradiated in ground raw meat. In 

addition, data on?able lO indicate that 3 Cad2 and 3% 

NaC1 are equally effective in destroying Ç. ot1inum at 

3.0 megarads. A comparison of the concentrations of the 

chloride tøn in both compounds reveals that NaCÌ is 60.5% 

C1 and CaCl2 is 63,5% Cl. Te fact that NaC1 arid CaC12 

appear equally effective In combination with the lethal 

effect of irradiation on the spores of botulinum in 

dicat.es that tha cbIorIde ion is an effective agent. 



However, the calcium ion in CaC12 also may be a factor 

In enhancing radiation destruction of spores by virtue of 

inhibiting gerinatton as reported by Rlenìann (30, i 

IabrIe (21, pp. 39í4449) includes the depression of 

activity of proteolytic enzymes as an effect ot sodIum 

chloride. 

Two possibilities may exist in the inactivation of 

spores by sodium chloride and irradiation in meat. First, 

there is the possibility that the spores are partially In- 

actIvated by the radiation treatment, but not to the extent 

that the ability of the spore to germinate and grow is 

lost. The sodium chiorIde acting as a secondary factor 

would prevent germination and/or growth of the irradiated 

spore by the lethal actIons Df the chloride ion, osmotic 

pressure, binding o available water and depression of 

proteolytic enzymes. One sr all of these effects may be 

exerted at temperatires suitable for outgrowth. This 

first statement may partially answer Greenberg's (13, 

pp. O95i1) question, 'tdoes the mechanism InvolvIng 

germination of spore inoculum become foiled by osmotically 

induced 1ys1s?1 The second possibility pertaining to the 

lethal action of radiation and sait on spores íiay r*suit 

from the combined effects of ionizing radIation and sodium 

ehI*rtde producing an immediate inactl'vation of the spores, 

The destructIve effect of ionizations producing highly 



reactive free radcais in or around a spore, could 

particularly be enhanced by the diffusion of the chloride 

ion into the spore. A combination of both possibilities 

may also take piace in the enchancement Of radiation 

destruction on spores by NaC1. 

Toxin production however may still exIst after all 

spores sr. !xtactivated. Enzymes are known to b. very re- 

sistant in ionizing radiation (2'3, p. Si7). Boentre 

(3, pp. l8-2; 6, pp. 2i3l) found that the toxin was not 

produced in , DuUn until a proteolytic enzyme 

"activated" a protein precurser 1i the autolysis phase of 

growth. The activity of such an enzyme on a small number 

of dead or inactive spores or germinated spores would 

activate the very potent toxin, this hypothesis may parti- 

ally answer questions presented by Greenberg (13, pp. 

5O9-ll), quote, t?10 much . botullnum growth occurred in 

6n organoleptically acceptable toxin product and do certain 

levels of NaCI restrict specifically putrefactive enzyme 

formation while permItting toxin development?" 

Mustard oil (allyl isothiocyanate) being in Itself a 

sporocidai agent, could cause an enancement st the 

lethal effect of Irradiation on spores. Mustard (ailyt 

isothiocyanate ,cR2=cHOE2Ncs) may act by being broken down 

by irradiation. Hydrogencysntde (HQ1), if produced, could 

enhance radiation by the same mechanisms as propóssd 



for sodium chiride. The other spices found to he el'- 

fective, nutmeg and corïander, probably act to compliment 

the effect of IonIzing radiation in the same manner. 

EDTA was used in inoculated msat after preliminary 

experiments in the basic medium described, had indIcated 

that O.00 M Versene would inhibit germination by clielat ion 

of minerals in the medium. Lesser concentrations enhanced 

germination. These experiments did not involve radiation. 

Levinsen (23, p. L5Q) Indicated that EDTA protected spores 
against heat. and ionizing Irradiation by chelation of' 

metal ions. Whatever the mechanism, EDTA enhanced the 

radiation destruction of Ç. botulLnu spoz'es in raw beet, 
Perhaps this can be explained by the stimulation of heat- 

shocked spores into a pregermination or actual germinated 

state, Growth would be inhibited at the pregerr Lxatlon 

or germination state prior to irradiation because the tem 

perature of the meat was kept t !°C. , Otulfnum spores 
in this state would be inactivated by any harshnviron 
mental factors Including ionizing radiation. This Idea Is 

further suggested by the finding that higher levels of 

EDTA Versene Ca, O.5) did not enhance irradIation in- 

activation, possibly by keeping the spores in a resistant 

spre state by preventing germination. 

Sodium citrate may Mve enhanced the irradiation 

destruction of spores of C. botulinurn in raw meat 
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by chelation and in addition by serving as a nutrient. 

These two factors were studied in a preliminary experi- 

ment where sodhirn citrate was added In varying concentra- 

tions to the sporulation medium described. More growth 

was found with sodium citrate than in the medium without 

sodium citrate, idicat1ng it may stimulate both germin... 

ation and growth. In view of this f Inding, the etict 

of sodium citrate in inoculated, irradiated meat may be 

explained: The sodium citrate stimulates the spores to the 

pregerrnination state but since the spores are at L°c. they 

cannot grow further. n this pregerminat ion state the 

spores are very susceptible to the environment and are in- 

activated or killed by ionizing radiation, 

A nonmicrobiological effect, the reduc tion of the 

Irradiation odor and preservation of the fresh meat texture 

in Irradiated meat was produced by sodium citrate. This 

may be an important factor in radiation food processing. 

Sodium citrate is listed as an emulsifier or plasticizer 

by Jacobs (15, p. l9). Perhaps the reduction and the 

irradiation alteration in meat is due to a stabi1iation 

effect of the sodium citrate on the meat. The emulsion 

of the meat may cut down the detrimental effects of the 

irradiation-produced free radicals. Sodium citrate would 

also bind the water in meat so that the free radicals 

produced during irradiation are reduced. 



Applications to Irradiation Food Process1g 

The levels of additives, effective with irradiation, 

are in many cases too high Thr use in foods. This Is not 

surprising because a very heavy inoculuin of the most heat 

and radlatian resistant strains of' C. botulXnwn were employ- 

ed in the experiments. The fact that these additives were 

etfective in reducing the radiation dosage provides a 

basis for their applications. For example, combinations 

of additives capable of reducing the radiation dosage 

would be an important factor in IDwering both the levels 

of the additives and irradiation on the food. 
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It was demonstrated that the lethal efÍ'øct of' gamma- 

irradiation on spores of Clostridiurn botulinurn, strains 

A.5 and B-liS, was enhanced by food additives in raw 

ground beef. The additives, along with i x 1O spores 

per gram of meat, were mixed into th meat which was 

irradiated at levels up to and including 3O megarads 
gamma-radiation. Destruction (or inactivation) of C. 

botuUruim spores by a treatment was based on the absence 

of swollen cans incubated at 35°C. for a period of O 

days and the failure to demonstrate recovery of Viable 

C. botulinum in *ubculture. The subculture was tested 

for the presence of botulinum toxin by mouse inoculation. 

The results indicated that the following concentra- 

tions of additive agents in inoculated raw beef destrGy 

. bottiflnum spores at the indicated Irradiat1n levels: 

1, Sodium chloride at 4.,O% with 2.8 megarads 

irradiation and 3.0% sodium chloride at 3.0 

megarads irradiation, teuer salt concen- 

trations caused a detectible enhancement of 

irradiation. 

2. Calcium chloride at 3 and 5% at 3.0 megarads 

irradiation. 

3. Synthetic mustard oil (allyl isothiocyanate) 



at 0.1% at 2.0, 2. and 3.0 megarads. Mustard 

oil at 0.1% at 1.!E megarads caused a detectible 

reduction of survival of C bottilinum. Strain 

B-11g was more resistant to mustard and irradi- 

ation than strain A-. The combination of sodium 

chloride and mustard exerted an effect corn- 

parable to mustard alone. 

L. Of a large number of spices considered, nutmeg 

was effective at 0.19% with irradiation at 3.0 

megarads. Coriander at O.2S% caused a detect- 

able itensification of radiation. 

. Versene (disodium salt of ethylene diaminetetra- 

acetic acid or EDTA, Dow Chemical Co.) In a 

concentration of' 0.186% was effectIve at 3.0 

rnegarads. Versene-Ca (calciumsodiurn salt of 

EDTA) was effective at 0.0% but not at 0.% 

in combination with 3.0 megarads radiation. 

6. Sodium citrate at 0.1% was effective in enhanc- 

ing irradiation at 3.0 megarads with a detect- 

able enhancement demonstrated at 0.01% sodium 

citrate at 3.0 megarads. 

7. C. botulinum was not destroyed by Ionizing 

irradiation, up to and including 3.0 rnegarads, 

in meat containing no additives (controls). 



Sodium citrate had a desirable eflect on th organ- 
oleptic properties of irradtated meat. Meat containing 

ali levels of sodium citrate, which was irradiated at 3.0 

inegarads, retained a natural, rresh appearance and ksd less 

irradiation odør than moat irradiated at 3.0 inegarads, 

containing no sodium citrate. 

The action ot sodium chloride, calcium chloride, 

mustard, nutmeg and coriander is thoubt to be due to 

the original bacteriostatic or bacteriocidtl action of 

these agents. This acti*n may be exerted at the t**, of 

irradiation, producing a direct inactivation of the spore, 

or may act following irradiation by inactivating the 

radIation affected germinating spore. The action of EDTA 

and sodtum citrate may stimulate resting spores into a 

pregerinination state. Pregerminated spores are much less 

resistant and are destroyed by lower levels of irradiation 

than required to destr*y resting spores. 
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