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ABSTP¿,CT

Salmonella g!r,e, SalmonêIla heidelbêrg, S'almonella

senftenbe.rg, Sa'Imonella typhimurium, Salmohêlla worthihgton

and Salmonella enteritictis were inoculateo into frozen

sterile whole ggg, egg albumen and egg yolk and subjected

to irradiation dosages ranging f rom 0 . 1 to 0 .7 Mrad.s . 
-From

the resulting data 10B reC.uction values v¡ere obtained to

determine the protective effects of the three egg products

on each of the organisnrs during irraoiation.

When the Salmonellae were suspended in the frozen

sterile egg albumen it was found that Salmonella. give d.is-

played the highest 108 reduction value followed by Salmonella

heidelb'erg', Sâlmonella ênteritidis, Salmone'lla typhimurium

and Sa'lmonella senftenbêrg.

Vlhen the Salmonellae vrere suspended in frozen sterile

egg yolk the highest 108 reductíon value was displayed by

Salmonella senjltenb-er.g, followed by Salmonella hei4el]qer_9,

Salmonella typLrirnurium, Salmonella give, Salmonella

worthington and Sa'lmonella gntêritielq.

Vlhen the Salmonellae were suspended in

whole egg the highest 108 red.uction value was

-<almonella senftenberg followed by Salmonella

Salmonella worthington, Salmoriella heidelberg,

sterile frazen

displayed by

give,

Salmonella

r_ l_ l_
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tyÞhimqrium and Sälmo!.erll? enteritidis .

Frozen egg yolk appeared to offer the most prote.ction

to the Salmonellae organisms ouring irradiation while frozen
egg albumen appeared to offer the leastr with frozert whole

ggg offering intermediate protection.

The presence of a natural flora in the frozen whole

egg râltered. the 108 reduction values considerably. When

irradiation was carried out on this product with the natural
flora present the organism displayilg the greatest 108

red.uction value was sal.mohêlla give followed by salmonella

senftênberg, salmonella heidelberg, salmonella typhimurium,

Salmonel'l.a enteritidis and Sa'lmonella worthington.
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ÏNTRODUCTTON

Food borne infection as a result of Salmonel]ae con-

tamination of foods can be a serious problem for food

processors. rn the past many foods have been implicated as

carriers of this organism, and eggs and egg products have

been considered as one of the most conimon sources of the

organism.

Outbreaks of food borne infection due to egg products

contaminated with salmonella have been reported in canada and

the united states. rn December L967, there were 48 cases of
salmonellosis traced to one flock of chickens and their eggs

were contaminated with salmonella infantis. During the week

of Decemloer 26, 1967, salmonelra thompson, salmonella siegburg,

Salmonella oranienburg and Sal$onella infantis \^rere isolated
from one lot of frozen egg whites. Furthermore, during the

months of October, November and December L967, there were a

totar of 5B isol-ations of various salmonella species from

f.rozen egg products.

The use of gamma irradiation as a means of destroying

Salmonellae in frozen egg prod.ucts has been reported and

appears to hold much promise. The purpose of this study was

to determine. the effect of ganuna irradiation on selected

species of Salmonel-la in frozen egg products when a high
1



initial load was present. The destruction of Salmonellae

both in the presence and absence of a natural egg flora in
the ggg products was investigated.

This investigation was encouraged and supported by

the Atomic Energy Commission of Canada.



REVIEW OF LITERATURE

Organism

According to Bergey's Manual (B), members of the gentr.s

Sal-monella belong to the family Enterobactereceae and are

similar in many respects to other genera such as Escherichia,

Shigella, Aerobacter, Serratia and Klelesiella. Salmonellae

are characterized as gram negative, asporogienous, facultative

short rods which are usually motile by means of peritrichous

flage11a, although non-motil-e species of this organism have

also been isolated. This group of orgianisms giro\,v well on

ordinary media and are known to produce acid (often gas) from

glucose, mannitol, maltose and sorbitol. However, lactose,

sucuese, salicin and adonital are not fermented. Salmonellae

generally do not produce acetoin or hydroLyze urea, but are

capable of producing nitrite from nitrate and may or may not

produce hydrogen sulfide.

Salmonellae can grow over a fairly wide renge of

temperatures,but all have an opti-mum growth temperature of

374 C.

In view of the fact that it is not always possible to

identify this group of organisms on the basis of their bio-

chemical propertíes, serological techniques have been

employed. Most members of this genus possess two antigens'
3



the somatic rrOrt antigen and the flagellar

To date, approxímately 1200 serotypes of

id.entified (B) .

A

rrHrt antigen (6).

Salmonellae have been

PathogenicitY

salmonellae are pathogenic to man and animals and may

cause an infection known as Sa]monellosis. According to

Thompson (48) there are three main types of Salmonellosis;

enteric (typhoid) feverr. gastroenteritis and septicemia'

Generally, food-borne infections result in the seldom fatal

gastroenteritis .

salmonella sastroenteritis (48) is caused by the

ingestion of large numbers of Salmonella organisms. SynLptoms

of the infection are characterized by nausea, vomiting,

diarrhea, headache, fever and chills and will occur from

3 to 72 hours after ingestion of the contaminated foods and

may persist for 2 Lo 7 days. Deaths attributable to this

infection are normally confined. to the very young, the very

old or to those persons who are ín a weak state of health

d.ue to some other illness. Salmonella typhosa and other

typhoid serotypes may cause typoid fever and in severe cases

death to the patient (48). However, thís group of Salmonella

organisms is not normally associated with foods, but is often

found. in polluted water supplies.

Septicemias (31) may be caused by members of the

Salmonella genus. Symptoms of this disease are characLerized



often by high fevers. The organisms may local-ize in any

tissue of the body and may produce local abscesses.

Salmonellae in Egg Products

Salmonellae have been found in egg products and speci-

fically frozen egg products by a number of investigators (32,

14, 42, 47 , 46) .

Newell et al (32¡ in 1955 reported two outb,reaks of
paratyphoid fever which \^rere caused by ingestion of imitation
cream cakes and other confectionery from specífic commercial

bakeries. A batch of frozen whole egg imported from China

used by the bakeries \¡ras suspected of being responsible for
the infection. This r¡¡as later confirmed by epidemíclogical

observations which located the same phage type of salmonel]a

paratyphi B as that isolated from unopened cans of the pro-

duct as well âs r from certain members of the bakery staff
and from the infected pati-ents.

Tn his extensive literature review, Edwards in 1957

(1+¡ reported that domestic fowl probably constitute the

largest single reservoir of Salmonellae among domestic

animals. He also reported that Salmonellae may gain

entrance to eggs either as a result of ovarian infection or

by penetration of the egg shell. The frequent occurence of

Salmonellae in processed eggs \ivas attributed, according to

Solowey et al (42) , to contaminated eggshells. He suggested

that as long as cracl<ed and soiled eggs, which could not be



marketed as shel1 eggs were

f.rozen egg products, a high

products could be expected.

6

into dried and

Salmonellae in these

incorporated

incidence of

Thatcher and Montford in L962 (47), surveyed the

bacteriologi-ca1 quality of commercial frozen egg products.

They detected the presence of Salmonellae in 27 of 114

samples of frozen whole eggs. However, they clid not find
any Salmonellae in 13 samples of frozen yolk ano 9 samples

of frozen albumen. The serotypes identified were salmonella

gal-linarum, Salmonella oranienberg, Salmonella thonpson,

Salmonella manhatten and Salmonella b'arielly.
Thatcher in L963 (46), stated in a report that the

presence of salmonellae in frozen ggg products was a health
l:azard and recommended that appropriate processing techniques

be used to destroy these organisms. He further recorrìrL€nd.ed

that laboratory methods be adopted to verify that the destrLrc-

tion of the orgianisms had- been accomplished and that no

recontamination had occurred.

Although more stringent government controls and more

knowledge of salmonellae contamination are now in existance,

numerous outbreaks of Salmonellosis have been reported in
the United States and Canada in the past few years. In L967 ,

the Salmonella Suviellence (1) r'eported 553 cases of

Salmonellae isolated from gggs and egg prod.ucts, however,

th.is figure was dropped to 3I2 in 1968 (21. For the first



three months of 1969, 82 isolations have been reported (2).

Sterilization of Egg Shêlls Prior to Shelling

Rizk et al (34) reporLed in L966, that the contents

of the egg as laid by a normal, healthy hen, were sterile.
However, occasionally, the ovaries may become infected with

Sal-monellae, whích could possibly be transferred to the egg

contents. Consequently, according to Rizk et aL, incidence

of Salmonellae on or in shell eggs \^ras dependant on several

factors, i.e. the handling, the storage, and the physical

structure of the shell.

Lancaster and Crabb (23) in 1953, demonstrated that
although bacteria could penetrate the shell of eggs, only

rarely did these organisms pass through the shell membrane

and into the white of the eggs.

Elliot in L954 (15), inoculat.ed Pseudomonas into the

air cell of eggs and showed that it took 4-B days before

bacteria could be isclated from the egg contents. Walden

et al (49) in 1956, using Pseudcmonas labelled with P35,

showed that the egg membrane could resíst the penetration

of bacteria for 2A hours.

Lifshitz et al (26) in 1963, also using Pseudomonas

flourescens¡ showed that the inner shell membrane of an egg

!{as the most effective bacterial loarrier, the shell was

ranked second and the outer membrane was the least important.

The above information indicated that the contents of
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fresh eggs, less than 24 h-ours o]d, tal<en fro¡n healthy hens,

shouto be sterile. Th.e problent of bacterial contamination,

tlierefore, cân be prevente<l by retaining the sterile condi-

tion af ter th.e shell- has been rernoveci. In order to achie\ze

this, the shell and surrounding atmosphere of the egg must

be free of bacteria.

Garibaldi and Stokes (18) in i-957, sterilizeci the

shells of eggs by immersing the eggs in 702 al-cohol for

several minutes. The eggs were then wi-thdrawn, draj-ned and

flamed to remorze the last traces of alcohol.

In another stu.dy repcrted by Winter and Stewart (51)

in Lg46, the eggs were sterilizec, by scaking the spec:intens

in I i3 NaOH for' 2-5 minutes. They v¡ere then drairred' dipped'

into g5Z alcohol and flanied to remove any residual alcokrol.

To obtain sterile eggs, Lifshitz et aI (26) l.963 ,

washed the eggs with a sernitizínc¡ detergerLt, then dr:ied and

stored the eggs at 2o C. Just prior to kreing processed, the

eggs were immersed in a I % solution of mercuric cLiloride før

1 minute and in 70 ? alcohol for 2 minutes.

Rizk et al (38) in 1966, employeci a ciifferent procecìure

for ster i:-lzing ggg shells. The e-ggs were in'¡nerseci in a

1:1000 Rocca.l solution for 5 minutes which was followed' by

dipping into 'i5 % ethanol for 2 minutes. The b.1unt end of

the shell was flamed anc1, after fracturing the shel] with

sterile f orceps, the conterrts of the eggs v:'ere poured into



a sterile jar.

Effect
on the

of Lov; TemPeratures and
Surviv'al of Salm.onellae

Freezing Cond-i-tions

Prucha anci Brannon (37) in i-926 incculated samples

of ice c::eam with approximately 2.5 x 106 cells of Bacterium

typhosum per cubic centj-meter of prociuct. The samples were

frozer, ir¡nediately and tkien placec in a hardening roon which

hac a temperature of -4o F. Bacterological- examinat'ions

\^7ere performed or, samples taken from the rinfrozen mix, the

freshly frozen j-ce cream and then at varying d.uring a perioc

of 28 months of storage. They found that after five days of

storage, the Lracterial pcpulation we.s reduced. by about 902

and after twenty days of storage more than 95% redriction \d'as

noted. After two years a-nd four mcnths of st-orage only about

one cell in ten thousand sttrviveci'

Orr and Moore (35) in 1953, investi'gated Salmonella

ga]-linarum,th.ecausativeag-entoffowltyphoid'.Three

separate experiments usj.ng water a-s the medj-um were carried

cut- at d-i.f ferent temperatures. In this study one sample

waskepta.troomtemperature'thesecondsamplewasfrozen

and thawed daily and the third sampie wa-c frozen at -20o c

and maintained at that temperature until it was used' Tkrey

reported that those organisms in the water which was f'rozert

and. thawed daily,survived for 43 i{-ays while those that were

frozen anci maintained. ftozen revealed tire presence of
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Salmcnella. gallína.rum irregularly for 93 days.

Woocibun and Strong (52) in L959, examined the srirv'ival

of Salmonella typhimurium in various foods including ggg

whites. The susperrded cells were frozen at -11, -2I or

-30o C and retaineci at those temperatllres for 24 hours, 1

week, 4 weeks and 10 weeks. The survival of EgltençIlg
ty'phimurium at -2Lo C rvas reduced from l6r0C0/m1 at zerc,

time to 8,800/mL after 24 hours, and 'i ,500/mL after I week¡

5,800/ml after 4 weeks and 4tl00/ml after 10 weeks of

storage, respectively.

The effect of temperature on the viability of

Salmonell-a and Staphlococcus i-n pre-cooked, reacly to serve

foocls was studied by Angelotti et a]. (4) j.n 196L. A ñixed

culture consistíng cf Salmonella serift-enberg 775W, Sal-mo4e]þ

enteritidì s and Salmonella manhatten stored i-n custard arid

hram sarlad at temperatures ranging from 40-500 F' resulted in

a gradual decline in tLie nunbers of organisms at all tempera-

tures. However, they noted that. growth occurreclin ch.ticken à

la king at temperatures of 44o F and above.

Georgala arrd Hurst (fO¡ in 1963, investigated the

survival- of food poisoning bacteria j-n frozen foods. They

reported that tt¡ns¡sl],ae in liquid egg stored at -17. Bo C

survived at least 10 morrths. Theli alsc observed that there

was be.tter survival of Salmonel-lae at -17. Bo C than att -1o C.

In 1965, Foley and Sheuring (17), studied the lethal
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rates of Esch'erichia coli, Pseuclomerras flourescens,

Staphloccccus laureus, Sacch'ar'on'yces lactis and sPores of

Bacillus subtilis in soft ice cream durinq 30 minutes of

freezing. They reported that destruction rates for _Eesherchia

coli, Pseudomonas flourescens and Saccharomyces lactis were

nonJ-inear, but rather similar. On the other hand St¿iphlococc:us

aureus exhibited considerable resistance to freezing, wherea-s

spores of Bacillus subtilis \^iere unaffect.ed. They further

repcrted that the mean lethal rates of thie organisms and

shape of the ciestruction rate curves were not influ-enced by

initial cell concentration" Finally, the shape of tLie

destruction rate curve was not influenced by the freezing

rate.
There are several theories ad.vanceci to explain t-he

cause of death of living cells j-n frozen states. The most

acceptable theory is s;ummarized in the work of Mazu.r (29)

1965. He concluded that rnost of the freezing injury to

yeast and red blc.od. cell-s v.ras due to the combineci effect-s of

exposure to concentrated solutes and. the fornration of large

intracellular ice crystals. This explanati-on also appeared.

to hold true for a number of specíes of micro-orga-nisrns.

Some investigators who were studying the lethal

effects of radiation on mícrobial cells suggesteo th.at the

teroperature of irradiation may have a significanL influence

on the ra-diosensitivitv of the cells.
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Matsuyama et a1 (28) reported in 1963, the effect of

freezing on the radiation sensitivity of bacterial spores.

Gamrna rays from Cobalt 60 were used to irrac'i.iate spores of

Bacillus pumilis a-nd. Clostridium welchii at 10-I3o C and at

-79o C. In general, they found no difference in the sensi-

tivity of the two types of spores studied when irradiated at

room temperature and at -79o C.

In a second study in 1963, Matsuyania eL al- (27)

exarnined the effect of freezinq on the radiation serrsitivity

of vegetative bacteria. Five strains of Pseud.omonas,

Alcaligenes, Streptococcus faæeium and Escþerchia coli were

irrad.iated with garrLina rays. CeIls were suspended in heart

infusion broth or in a phosphate kruffer at tenLperatures c'f

10-130 C or -79o C. Generally, the shapes of the survival

curves obtained from cells irradiated in a frozen state

differed from those obtained at room temperature. The

authors concluded that there was a reduction in radiosensi-

tivity of the cells in thre frozen state.

Licciard.ell-o (25) , L963, investigated the possible

effect of temperature on the radiosensitivity of Salmoneila

typhimurium suspended in whole egg magma and liquid yc1k.

Irradiation was performed by gamma rays at temperatures

varying from 32-130o F. Radicsensitivity appeared to increase

in a nonlinear fashion

increased over a range

the irradiation terir.perature

32-1300 F. The sreatesrt letha1of
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effect occurredwhen irradiation was carried out at tempera-

tures above I20o F.

Effect of Iradiation on, ,Salmone,llae

The possibility of eliminating salmoner-rae from fooci

products, particularly egg products, by meens of irradiation
v¿ith cathode rays or gamma rays has beerr investigated for
some years (L2, 24, lG, 22, 36, 2A, 33, g, l0).

Procter et al (:0¡ in 1953 attençted to apply the use

of cathode rays to sterilization of whole ggg maEma. They

found that salmonê1ta organisnis in heavily inoculateä (ro6-

107 cells/ml) whole ggg magma \,vere completely destroyed i;y

cathode ray irrai,.iation. The dosage of irradiatiori nece,-ssary

for complete destruction of the orgianisnis varied according to
the species. They reported that Salmonella p'aratyphi and

Salmo.nella typhimuriqm required a substantially higher

irradiat:ion dose than did Salmonella senftenberg.

fn 1955, Gunter and Kohn (201 , carried out a conrpare.-

tive study on the effect of x-ray irradiation on the survival
of bacteria and yeast. Vüashed cell suspensions of 104 105

cells/rnl, prepared from 16 to 17 hour plate cultures \^/ere

irradiated in potassium phosphate buffer supplimented with
maEnesium sulfate. frradiation was carried out at 24-2.7o c.

They found that the least resistant organism was Psêudor,ronas

flouresc.ens, while the r.¿ost resistant was êzotgþac agile.
Saccharomyces cêrêvisêae (haplcid) ano Rhooopseudom!¡nas
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spheroides Cisplayed. simila-r LD.O val-ues.

Nickerson et al (33) in i956, investigateci the use of

high voltage cathode rays to destroy Sq'lmonellae in liquid

and frozen ggg white arid in egg white solid.s. A level of

5 x 105 to 5 x 106 cel-ls per gram of product of Salmonella

typhimurium and Salmonella senftêrlberg \^/ere incorporated into

Lhe egg products. It was found that Salmonella \,ras more

resistant to irradiation in dried egg white products than in

liquid or frozen egg white. In. gieneral, Salm.one-'l-la

typhimurium was found. to be nìore resistant than Salmonella

s_enftenberg. 
n

Broglé et al (9) in L957, determined lC/ reduction

values of Saltcnellg typhimrr{ium and Salmonella senftenberg

in whole egg solids, egg yolk solids anci ftozen 99-9 yolk.

They found that there was very tittle difference in the

resistance of Salmonellae to cathocle rays in all products,

although it was observed tha"t, in gerreral, Salmonellae were

slightly more resistant in egg yolk solids than in trozen

egg yolk. Atmospheres of air' oxygen and nitrogen had very

Iittle or no effect on the resist¿rnce of these organi-sms to

irraoiation.

In 1959, Brookes et al (fO¡ j-rradiated frozen whole

ggg contaminated with SalmoneLla at a ternperature of -10o C.

They reported that doses ranging from 0.3 to 0.5 Mrads,

effectively eliminated viable Sal-morrella cells in the product.
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Furthermore, they reported- that organoleptic changes ¡:roduced

as a result of irradiation at these levels had little or no

effect on the taste and od.our of the baked goods prepared

from the irradiated products.

Erdman et al (16), in 1960, carried out a study on

the irradiation of micro-organisms in relation to food pre-

servation. They investigated. the comparative resistance of
a number of bacteria cultures to gamma irradiation arid the

influence of different suspending med.ia upon specific
resistance of the mi cro-orga-nisms. Their findings revealed

that the nature of the suspencling medium could influence
greatly the relative radiation sensitivity of a specific
culture. They also observed. that food pathogens such as

Salmonellae a.nd Staphloçocci !\iere sukrstarrtially m-ore

resistant to irradj-ation than the coliform organisms "

Ingram et al (22), in 1961, carrJ-ed out a study orl

the applJ-cation of gamma irradiation for the purpose of

elimination of Salnionellae in frozen v¡hole egg. They

inoculated SalmohêIla gallinarum, Salmonella sêhftehbêrg anci

salmonella typhimurium ínto liquid 999 and into frozen egctJ.

They observed that Salmonella gal1inêrrum and Salmonella

typhiniurium \,vere more resistant to irradiation in the frozen

whole egg than in the liquid product, while qglggs]_lg

senftenberg exhibited equal resistance in both products.

Among the three species, Salmonella typhiinurium appeared to
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be thre most resistant while

least resistant.
SalmonelJ.a gallina-rum was the

Ley et al (24), in 1963, investigated the use of
gamma irradiation as a means c-¡f eliminating Salmonel-lae from

various foods. 1000. gallcns of liquid. egg !úas. inoculateci

with Salmonella gallinarum to a concentration of 5 x tO5/mt

samples were removed , frozen at -15o C for 2 d.ays anci exposed

to a dose of 0.5 Mrad. They reported that no vía.ble cells
were found in 50 ml samples cf the irraciiated product.

Comer et al (L2) , in 1963, examined the effects of

garnma irraiiiation on 18 gelmoneiia s[¡ecies in frozen whole

egg. According t-o them, levels of irradiation necessary for
1

a 10' reduction of each species of Salmonella, ranEed from

0.36 Mrad to 0.54 Mrad. Furthrermore, they found variation
in sensitivity withirr all species of Salmonella stuciied, and

suggested that due to the variation of micro-organisms withirr

the speci-es, no one species could be cons j-dered as more

resistant than the others. The authors felt thaL a level of

0.54 Mrad of ganma irradiation woul-d reduce the potentia-l-

hazards of Salmonella to a safe level in frozen egg.

Recovery Techniques

In order to

surviving fraction

acce.ptable. recc)very

obtain an accurate estimation of the

of Salmonellae following irradiati-on, âD

technique was desirable.

of the r,rost a.ccuraLe means of enumer'atinqPossiloly, one
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a bacterial population is by the most probable number tech-

níque as outlined by Hoskins (21) in L934. This technique

was established for the computation of the rnost probable

number (M.P.N.) of coli-aerogenes organisms during the

bacteriological analysis of water.

Ayres (5) in 1949, used a modification of the MPN

technique to recover Salmonella organisms from dried egg

products. Results were obtained by direct transfer of the

reconstituted egg products and by the use of MPN data from

selenite-F enrichment followed by streaking on SS agar.

Three tubes of selenite-F broth \^/ere inoculated at each

dilu-tion leve1 rather than the five tubes which \^iere normally

used in the MPN determinations of the coli-aerogenes group

by Hoskins. Ayres discovered that, when the leve1 of ccn-

tamination \^zas low, no valid counts \^rere obtained by direct

plating, whereas positive findings were obtained by using the

ivIPN technique. Ayres concluded that the MPN method, whereby

any amount of product could be sanpled, was clearly superior

to the plating technique.

Banwart and Ayres (7), i-n 1953, investigated the

effect of various enrichment broths and selective agiars for

the recovery of several species of Salmonella. They found

that selenite-F, tetrathionaLe or Ruy's medium did not

support the. growth of B species of Salmonêlla as well as did

nutrient broth. Althourgh, tetrathionate broth supported Èhe
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growth of most salmonella species studied., it was definitely
inhibitory to Salmonell-a pâratyphi. Selenite-F appeared to
be one of the better broths; however, du.ring the initial
incubation period, inhibition and actual destruction of

salmonella anatis was observed.. They also discovered that
when whole egg was added to these broths the inhibiticn
effect was reduced. It was noted that brilliant green agiar

resulted in a more luxuriant growth of all species examined

than did Salmonel-la-Shigella ag'ar and DCLS agar.

Wells et al (50) in L957, performed a comparative study

of various selective media for the recovery of Salmonellae

from egg white solids. The procedure followed for cietermining

the number of Sâlmonêlla in the product was basically the

M.P.N. technique as adopted by Ayres in 1953. Samples of 10,

Lt 0.1, 0.01 and 0.001 gram \,vere introduced in triplicate
into four enrichment broths being st.udied.. The broths

employed were selenite-F, selenite brilliant greenf commercial

seleniLe brilliant green sulfapyricì"ine (SBS) and laboratory
prepared SBS, while the selective ag:ars used were k;ismuth

sulfite, brilliant green and brilliant gireen sulfa. After
the inoculated tubes $/ere incubated in each of the broths

for 20-24 hours at 37o C, the ccntents were streaked onto

the selective agiar plates, wh.ich \^rere also incubated for
20-24 hours at 37o C. The results of this study revealed

little differences between bismuth sulfite, brilliant green
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and brilliant. green sulfa agars. The main exception was the

low UIPN value obtained when brilliant green agiar was streakeci

from seienite brilliant green enrichment broth. The authors

suggested that the larger number of Salmonella recovered

from egg white solids after enrichment in SBS broth compared

to selenite-F broth was due to its ability to support the

growth of a greater variety of Salmonella types.

Taylor et al- (45), L957, stated that selenite-F broth

was the medium of choice over tetrathionate broth, but

mentioned that this did not preclude the possibility that

there vrere changes in formulae which would. enhance the

ability of selenite-F to detect Sa'lmonêllae. The MPN deter-'

minations for Salmonel-lae were obtaineo using cystine-

selenite broth, mannitol-selenite broth, selenite brilliant

green sulfapyridine broth and dulcitol-selenite broth. The

MPN determinations for coliform organisms involved the com-

parisorr of lactose broth with brilliant green lactose bile

broth. Verification of positives in selenite broth was made

on brilliant green 39ar.

Six different dilution levels consisting of three

tubes at each 1evel of mannitol selenite versus selenite-r'

revealed- no statistically significant differences fcr the

isolations of SalmoneLlae between these two media. Similar

results \^Iere obtained when selenite-dulcitol was compared to

sele.nj-te-F. Contrary to the results obtained by biells et
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al (50), it was found that selenite brilliant green sulfa-
pyridine enrichment broth did not produce more isolations of

Salmonella and in some instances Idas markecily inferior to

selenite-F broth. The authors also found that coliforms \'\iere

greatly inhibited by brilliant green, SS and bismuth sulfite

39ars as compared to TGY plates. They concluded that cystine-

selenite-F enrichment broth and the subsequent streaking on

brilliant green agar \,vas the method of choice for detection

and enumeration of Salmonellae in foods.

Sj-lliker and Taylor (41), L957, observed in previous

investigations that quite frequently Salmonella organisnis

were not isolated from enrichment broth aliquots representing

the largest inocula, but were detected with ease in those

which had received much smaller i-nocula. The leve1s at

which these "skips" occured were usually at the 10, 1.0 and

0.1 gram replicates.
The effect of an unfavourable imbalance of coliforms

to Salmonella was determined by establishing varying ratios

of coliforms to Salmonella and inoculatinq enrichment broths.

The ability of added food to alter the performance of

enrichment broths was tested with a variety of dried powdered

foods. It was found that neither overwhelming numbers of

coliform organisms nor an unfavourable imbalance of the

ratio of coliforms to Salmonella materiallv affected the

selecti-vity of selenite or tetrathionate enrichment broths
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for Salmonel'la. The performance of these

greatly diminished by the addiLion of manv

nraterials. Gelatin. and albumen causecì- the

while egg yolk caused the least.

was, however,

kinds of food

most reduction

Taylor and Silliker (44), in L96L, demonstrated that

an LB-24 hour pre-enrichment in lactose broth before inocula-

tion of enrichment media was vastly superior to reconstitu-

tion in water for enrichment broths. The experiment was

carried out with dried egg albumen, naturally contaminated

with Salmonellae.

Taylor (43) in 1961, also demonstrated the a.dvantage

of pre-enriching with lactose broth before inoculation into

the selective broth.

North (34) in L96L, investigated the possibility of

using lactose broth pre-enrichment as a means of eliminating

skips in the IvIPN analysis. The v¿ork was carried out using

commercially produced. dried egg whíte. North noticed a

marked increase in the MPN recovery by the 24 lnour lactose

pre-enrichment method over direct inoculation in any of the

enrichment broths. The ínhibition of a higtr concentration

of egg albumen at the lower d.ilutions was not observed when

lactose pre-enrichment was employed..

Montford and Thatcher (30) in 1961, compared four

methods of isolating Salmonell-a from egg products, using six

enrichment broLhs and five selective media. They found that
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selenite-F enrichment broth produced the best MPN recoveries

cf Salmonellae from frozen whole egg. Large numbers of

coliforms present in the product' apparently, dj-d not appear

to affect the recovery of low numbers of Salmonellae in the

samples (0.AL/gram) . These authors recommended the pre-

enrichment of the egg samples in a mixture of buffer and

lactose broth for 5 hours at 37o C. They found that the 24

hour pre-enrichment in lactose broth produceci a pronounced

overgrowth of coliforms when frozen whole egg \^/as investi-

gated.

Silliker et al (40) in L964, stated that, although the

lactose pre-enrichment promoted Salmonella recovery from

samples containing small numbers of dormant cel1s, the

efficiency of the method was adversely affected by unfavour-

able coliform-Salmonella ratios. Their work showed that early

subculture from lactose broth was irnportant. When lactose

broth sub-cultures were incubated beyond B hours, coliform

overgrowth was likely to occur.

The report of a subcommittee on sampling and method-

in eggs (3) in L966,ology for the recovery of Salmonellae

recommerided a 1:10 ratio of inoculum to lactose broth. This

should then be followed by a six hour pre-enrichment in the

lactose broth at 35o C and subsequent transfer into selenite-

cystine broth. After 24 hours at 35o C in the selenite-

cystine broth, the cultures were to be streaked on brilliant

green agar plates and inoculated for a further 24 hours at

35o c.



SCOPE OF INVESTfGATTON

The scope of this study was to determine the effect
of gamma irradiation on sel.ected species of Salmonellae in
frozen egg produ-cts. Specificalty the following areas were

investígated.

1. The survival of Salmonella give, Salmonella

worthington, Salnorrella enteritidis, Salmonella

typhitnurium, Sa-Imonella heidelberg, and Salmcrrella.

senftenberg in sterile frozen whole egg t sterj 1e

frozert egg yolk and sterile frozen egg albumen

following irradiation treatments.

2. The survival of Salmonella g¿ve, Salmonel-la

worthington, SalmorrêI1a ênteritidis, Salmonella

typhim.urium, Salmonella hgidelberg and Salmonella

senftenberg, following irra.diaLion treatments in
frozen whole egg which also ccrntained a higLr

level (106 to 108 ce1ls/grarn) of natural flora,
3. The survival of the natural flora in frozer¡ whole

egg following irradiation treatmerrts.
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MATERIALS AND METHODS

Phase one of this investigation involved the destruc-

tion of selecLed species of SalmOnella in sterile frozen egg

products by gamma irradiation. The procedure used to obtain

sterile egg products was as follows:

Fresh eggs \^iere washed. irr warm soapy water, rinsed,

and immediately placed in a saniti-zing solution containing

2OO ppm available chlorine for 15 minutes. The 99gs \^7ere

obtained weekly from the University of Manitoba Poultry

Department. The sanitized eggs \^zere then placed in a sterile

i-solation chamber. The isolation chamber used \^¡as manufac-

tured by Lab Con Cc. Ltd. of Kansas City and was equipped

v.'ith an ultraviolet light f or sterílization purposes. The

interior of the chamber and conüents were exposed to U.V.

light for at leasL two hours before use -

In the isolation chamber, the sanítized eggs were

immersed in a 702 ethanol solution and flamed to remove a-ny

residual ethanol. The eggs were then cracked and the

albumen, yolk and. whole egg placed in separate one-pint

sterile mason jars. If not used immed.iatelY, these jars

were stored at 60 C until used.

In order to establish the effectiveness of this tech-

nique to produce samples free of micro-organisms, 4 ml

24
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aliquots were plated out on Tryptone-glucose-yeast-extract

(tcv¡ agar and incubated for 2 days at 37" c. A further and

more demanding test was also pérformed by adding 11 ml of

egg product to 99 ml of sterile nutrient broth and incu.bating

this for I week at 37o C. At the end. of thís period, loop-

full-s of the mixture were streaked on TGY plates and incubated

at 37o C for 2 days. The samples were considered bacteria

free if no growth was observed on the TGY agar plates.

The second phase of this investigation was similar to

phase one, with the excepticn that no attempt was made to

exclude the natural microbial flora in the egg products. In

fact a high level of natural flora was encouragied for the

purposes of this inyestigatíon. The eggs used were unwashed

cracks or other eggs of inferior quality. They were

obtained from a local g9g gra¿ing plant and broken at the

Food Science Department.

The egg contents when cracked \^iere mixed in a Waring

blender and the resulting melarrge placed in sterile one pint

mason jars. These jars were then stored at 60 C until used.

Fifty gram samples were taken from these jars and examined

for the presence of Salmonel_lae. The procedure followed for

this analysis was the official procedure as outlined by the

Food and Drug Directorate (30 ) .

Prior to inoculation with

egg melangie was placed in a 354

the Salmonella species the

C incubator for 12 hours to
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obtain a natural flora in the order of 106 to 108 cells,/gram.

The population of the flora was enumerated hy the

Standard Plate Count method (53) and. by the Crystal Vio]et

technique (53), which determined the gram negatíve flora
present in the sample. The Standard Plate Count plates were

incubated at 35o C for 48 hours while the Crystal Violet
Agar plates \^/ere incubated at 32o C for the same perioo of

time.

lr.eparetion and ino

The preparation of the Salmonellae cultures to be

used to inoculate the different egg products varied slightly
throughout the study due to the different cultural peculi-

arities of each species studied. All species \¡¡ere preserved

on nutrient pgar slants and transferred to nutrient broth

containing LZ peptone, âs they were used. The tubes of

nutrient broth plus LZ peptone containing the Salmonellae

cultures were incubated for 18 hours at 37o C.

In tlie case of Salmonella give and Salmonella

heidel-berg an 18 hour old culture was inoculated into each

of three erylenmeyer flasks containing 650 ml- of nutrient
broth plus LZ peptorre. These flasks were then incubated at

37o C f or 36 hours. The same procedure \^i as followed for

Salmonella enteritidis except for the fact that the flasks

vrere placed on a rotary shaker during incubation at 374 C

for 36 hours.
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Salmonel-la tYphimurium, Salmonella senfLenberg and

Salmonella worthington were cultured in an aerated four

litre flasl< fox 36 hours at 37o C after being inoculated

with 18 hour cultures. The air used for aeration was

filtered to render it free from micro-organisms. All six

species studied in frozen whole 99g containing a natural

flora \,i¡ere cultured using the aeration technique.

At the end of the 36 hour incubation period the con-

tents of the flasks were pcured into sterile stainless steel

centrifuge tubes and centrifuged in a sowall high speed

centrifuge at 4000 RPM for 30 minutes. The model used was

the Sowall Superspeed RC2-B refrigerated centrifuge equippeO

with a 2 litre anodized aluminum angle head. After centri-

fugation, the supernatanL was poured off and discardecl-. The

remaining cells were suspended ín 10 ml of LZ peptone water

and served as the inoculum. This 10 ml inoculum was then

added to 400 grams of g99 Product (in sterile I pint mason

jar) and thoroughly mixed at a low speed on a sowall omni

mixer. After mixing, 15 gram aliquots were asceptically

transferred into sterile test tubes (18x150 mm). One loatch

(400 grams) of egg product yielded from 16 to 24 such tubes.

These inoculated tubes of 999 proauct were then frozen at

-l5o C varyíng from 1-3 days prior to irradiation.

Test Organisms

The salmonella organisms used in this study were
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Salmonella give ATCC 9268, Salmonella heidelberg ATCC 8326,

Salmonella enteritiois ATCC 13076, Salmonella typhimirium'

ATCC 1311, Salmonella sehftenberg ATCC B/100, and Sal-monella

worthington ATCC 9607; all obtained from the American Type

Cul-ture Collection.

Irrad.iation Unit

The irradiation unit used throughout this study was

a Gammacel-I 22O, supplied by the Atomic Energy Commission of

Canada. The irradiation source was Cobalt 60 with a maxi-

mum dose rate of 2.0 x 106 roetgens /hour at the centre of

the sample chamber. The irradiation chanber was 6.0 inches

in diameter by 8.1 inches in height, with a volume of 220

cubic inches. The cobalt 60 had a half life of 5.3 yeârs

with a óecrease in rad.ioactivity of about LZ per month. The

unit had an energy source of I.I7 arid 1.33 MeV and the

ability to penetrate 40 cm if the material was irradiateo

from both sides. Due to the decayíng factors of the source'

the exposure times for specific dose levels v'iere calculated

monthty by using the appropriate decay factors.

Irradiation Procedure

frradiation of each product was performed while the

product was in the frozen state (-15o C), although the

temperature rose to -1.1o C in egg albumen, ?gg yolk and

whole egg after exposure to 0.7 Mrads of irradiat,ion. This
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was achieved by placing the 18 x 150 mm test tubes of frozen

egg product ínto an insulated container with appropriate

holes distributed. in a symmetrical arranglement. Each

styrofoam container could accomodate from seven to fourteen

test tubes. This insulated container was then placed in the

irradiation chamber of the gammacell 220 and the contents

subjected to the following levels of irradiation; 0.0, 0.1,

0.2, 0.3, 0.4, 0.5, 0.6 and 0.7 Mrads.

Temperature studies \,rere carried out in the irradia-

tion chamber to determine if the temperature vaÈied and to

what extent it varied during irradiation. A thermocouple

(copper-constantan)was placed in a test tube of the egg

product Lo be irradiated. After freezing, this tube was

taken to the gammacell in an insulated chamber and placed in

the styrofoam container in the irradiation chamber. The

thermocouple was attached to a Model +2736 Honeywell

Potentiometer. The cel1 chamber was lowered into position

and temperature readings taken at one minute intervals

throughout the 0.7 Mrad exposure period (approximately 35

minutes).

Enumeration of Sa'lmone1l'ae after Irradiation

The most probable number enumeration technique was

chosen for its simplicity of use, its acceptable degree of

accuracy and for its ability to selectively enumerate

Salmonellae amongst a mixed flora. This aspect was particu-
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Iarly important as the second phase of this study involved

the enumeration of Salmonellae organisms from egg products

which contained a large natural flora.

It was assumed that at the lower leve1s of irradiation

(0.1-0.2 Mrads) the possibility of injured cells survivíng

could occur. For this reason and the fact that the possi-

bility of sonìe cells being dormant as a result of the

freezing temperatures¿ a pre-enrichment of 6 hours in a non-

selective (lactose) broth was adopted. This procedure might

permit any injured or dormant cells to recover and therefore

be detected. by the I4PN technique.

The frozen irradiated egg samples \^iere thawed in

running water at 10o C. Eleven grams of the thawed product

were aseptically pipetted into 99 m1 of sterile lactose

broth. This was shaken vigorously and incubated at 37o C for

6 hours.

From the lactose broth (1:10 dilution) serial dilu-

tions were performed in sterile buffered water up to a

dilution of tO-lt7gram. Three tubes of Selenite-F broth

were inoculated for each of six d.ilution levels and incubated

at 37o C for 20'24 hours.

Following the incubation period and after mixing each

tube thoroughly on a Vortex mixer the contents of each

selenite-F tube was streaked on BGS plaLes and incubated for

a further 20-24 hours at 37o C. From the growLh obtained on
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the BGS plates the number of positive selenite-F tubes at

each levef was determined and the MPN/gram of product was

calculated from "Hoskins, J. K., MPN tables." (21)

During the phase of the work on Salmonellae in egg

products contaíning a natural flora, several trials Were ccn-

ducted to determine the presence of any natural flora sur-

viving after treatments of 0.6 and 0.7 Mrads, respectively.

This was accomplished by plating the irradiated. samples on

TGY agar and incubating at 35o C for 48 hours.

Freezing of Egg Products

As the egg product was irra.diated in the frozen state,

a study was conducted to determine the extent of Salmonêl1ae

survivíng after the freezing process. The desired level of

Salmonellae in the egg products before irradiation was

o
L0- /gran.

This investigation was carried out by enumerating the

number of viable Salmonellae ce1ls in the mixed. unfrozen

product and by following the same procedure after the product

had been frozen at -15" C for 1-3 days. The lactose pre-

enrichment and the MPN technique were used to enumerate the

number of Salmonellae surviving the freezing process.
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RESULTS

PRELTMINARY STUDIES

Sterile Egg Products

In order to ascertain the effects of gamma irradia-

tion on selected species of SalmOne1la in frozen egg products

with few or no micro-organisms, it was necessary to establish

a reliable method to supply these products. ft was found

that the method as outlined in the procedure section gave

products showing little or no contamination. The data

presented in tables Lr 2, and 3 demonstrated that the method

ad.opted to suppty 1ow bacteria egg products was effective.

A certain number of the samples presented in Table 2 indicated

the presence of bacteria in the product. This could possibly

be due to contamination during handling anð,/or the presence

of bacteria within the shelled eggs. In order to avoid the

possibility of contamination, extra precautions were subse-

quently taken during the preparation of egg samples. As

can be seen in Table 3, the method of preparing egg products

was adequate in that no growth was evident in any of fifteen

samples. As a rule, all egg products that were useci in

later studies trriere checked for the presence of bacteria

before use.

32
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TABLE 1

TTTE BACTERTAL CONTENT OF FRESHLY CRACKED EGG PRODUCTS

PLATED ON TGY AND INCUBATED AT 37" C FOR 48 HOURS

-

Product Samples Av, Colonies/4 mI

Vüho1e egg

Egg yolk

Egg albumen

TABLE 2

THE BACTERTAL CONTENT OF CRACKED EGG PRODUCTS TNOCULATED

]NTO NUTRTENT BROTH AND TNCUBATED FOR 7 DAYS

0

0

0

B

B

B

Product Samples
No. positive
TGY plates

% positive
TGY plates

Trj,af tl
Vfhole egg

Egg yolk

Egg albumen

Trial #2

Vühole egg

Egg yolk

Egg albumen

20

20

20

5%

LO%

o%

2

^

o

1

2

0

LO%

30%

o%

20

20

20
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B. Reprodu_cibility of thê MPN Techhique

The first attempts at using the MPN technique as out-

lined j-n the procedure section, were carried out using an

tl mI sample of egg product plus Salinonêllae in 99 ml of

sterile phosphate buffer (1:10 dilution) . As is shown in

Table 4, 10 samples of egg product \^Iere taken from one lot

of egg products inoculated v¿ith Salmonella give. The MPN

determinations performed on these samples revealed

relatively good reproducibility with a few exceptions (Table

4). However, it was felt that MPN/gram determinations

should be more consistent than the results presented in

Table 4. For this reason 1l gram samples \^iere used instead

of the 11 ml samples. An immediate improvement in the

reproducibility of the method was noted as indicated by the

data presented in Table 5. Because of this all future MPN

deLerminations involved the utilization of 11. gram samples

rather than 11 ml samples in the ¡fPN procedure.

C. Lactose Pre-enrichment of Irradiated Samples

The use of a 6 hour pre-enrichment period in lactose

broth was used to determine if larger numbers of viable

cells could be recovered from Lhe egg product following

irradiation. By performing th.e MPN determinations on the

product before and after pre-enrichmenL treatments (Table 6)

it was found that pre-enrichment resulted in MPN values
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DATA SHOWTNG

WHEN USTNG AN

TABLE 4

THE REPRODUCIBTLTTY

11 ml INOCULUM OF

OF THE MPN TECHNTQUE

Salmonella give MPN/m1

Sample Egg Yolk !üho1e Egg Egg Albumen

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(B)

(e)

(10)

Average 4.0 x 10 5,0 X IO

64.3 X 10
4I2.4 X LO

7
2"4 X LO

69.3 X 10
6

4.3 X 10
h

9.3 X 10

^3"9 X 10
6

2.3 X 10
6

7.5 X 10
6

7.5 X 10

9,6 X 10

2.3 x

7"5 X

2.3 X

6.2 X

1,5 x

4,3 X

9.3 X

2.3 X

2.3 X

2"3 X

6
10

10
6

10
6

10
6

10

10
6

10
6

10
6

10

^10

6

4"3 X
4,3 X

2.3 X

1,5 x

2.3 X

7.5 X

2.3 X

9"3 X

2"4 X

2"8 X

6
10

6
10

6
10

6
10

6
10

6
10

6
10

5
10

7
10

5
10

6 6
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TABLE

DATA SHOWTNG THE REPRODUCTBTLTTY OF THE MPN TECTTNÏQUE
VüHEN USING AN 11 gram INOCULUM OF Sahonel¿g_g:yg uel/gram

Sample Egg Yolk Vfho1e Egg Egg Albumen

(1)

(2j

(3)

(4)

(5)

Average

B2.3 X 10
B2.3 X 10
B

7.5 X 10
B

7.5 X 10
91.5 X 10

6"9 X 10

B4"3 X l0
B4"3 X 10
B

3"9 X 10
I

4"3 X 10
a

4,3 X 10

4"2 X 10

B1,5 X 10
B1"5 X 10
B4.3 X 10
B

3.9 X 10
B4.3 X 10

3.1 X I0
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approximately one 1og cycte greater than those samples which

dj-d not receive a pre-enrichment treatment. fn view of this
development, all samples were subsequently pre-enriched in
lactose broth for 6 hours prior to determination of MtpN

values.

D. Effect of Freezing on the Survival
of Ealmongllae in Egg Products

As all egg products inoculated with Salmonel_la

organisms \{ere to be irradiated in th,e frozen state, a study

was ccnducted to determine the number of salmonellae sur-

viving after the freezing process. TLre data presenteo in
Table 7 indicated that a very small decrease in the bacteria-l-

population occurred after freezing at -l-5o C for 1-3 days.

Salmonel-la give in egg albumen and egg yolk decreased by less

than one log cycle while no significant change occurred for
Salmonella give, frozen in whole egg melange. Subsequent

results revealed that freezing of egg prod.ucts containing the

other 5 Salmonella test organisms dio not appreciately reduce

the population, because the number of organisms v\iere in the
o 't^

range of l-0' IA'u/gram of product (Tabte B).

E. Temperature Changes in F'rozen Egg
Products Durinq Irradiation

A study of the temperature changes

during irradiatj-on is ¡:resented in Figure

that the initial temperatures of -6.10 C

in the egg product

1. It was found

in 9g9 yolk¡ -3.30 c
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THE NUMBER

FREEZTNG

TABIJE B

OF SaImonellae

-õ-AT -15 C FOR 1-3

MPN/9ram

SURVTVTNG

DAYS

Organism Prod.uct

Egg Yolk Egg Albumen V'Ihole Egg

Ê"

S.

10x10
9x10

9

10

10

x
X

x

x

x

x

x

x

S.

É"

S.

ga.ve

enteritidis

S" heidelberg

worthington

Typhimurium

senftenÞerq

4.6

L.2

1"1

1"1

2"6

2"2

10

10

x10

l.02
4"3

9.7

2"O

3"5

1q

x10

1"3 X 10

8"1 X 10

5"9 X ].0

1"5

AA

1.8

t0

9

10
10

9
10

10
10

10
10

9
10

11
10

10x10
Yx10
10x10

Average of Five Determinations

(Append.ix Tables r to XVIII)
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in egg albumen and -2.8o c in whole eçtg rose to -1.ro c after
an exposure of 0.7 Mrads. After 0.7 Mrads of irradiation the

three egg products \^/ere still in the frozen state, indicating
that the samples did not thaw.

2. TRRA,DTATTON OF gAruNElIêq IN STERILE EGG PRODUCTS

A. Frozen Egg Albumen

The effect of gamma irradiation on the six species of
salmonella in frozen egg albumen appeared to vary with the

species. sarmonella give, salmonella heid.elberg, salmonella

enteritidis, Salmonella typhimurium and Salmonella senftenberg

\^¡ere completely destroyed by a dosage of 0 .7 Mrads while
Salmonella worthington displayed only slight growth (i.e.
less than 1 colony per gram of product) at the same l-evel of
irradiation treatment. Furthermore, it was noteo that
salmonella enteritidis and salmonella typhimurium v¡ere com-

pletely d.estroyed by a dosage of 0.5 Mrads. (fable 9). A

slight lag in the destruction of each organism except

salmonella enteritid-is in frozen egg albumen was observed..

Salmonella enterítidis was oestroyed at the same rate at

all levels of irradiation. vüith the exception of the slight
lags in the destruction rates, straight line survivar curves

were obtained for all six species of Salmonella when plotted

on semi-log paper (Figures 2 and 3).

According to the 10B reductíon values per gram of
product obtained from the survival curves (figures 2 and, 3),
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the species displaying the greatest radÍo-resistance to

ganma irradiatiort in frozert egg albumen \,vas Salmonella give,

followed by Salmonel-la senftenberg, Salmonella heidelberg,

Salmonella worthington, Salmonella typhimurium and Salmonella

enteritidis respectively (Table L2). This sequence of radio-

resj-stance of each test organism was similar to that as

expressed by the D values of each test organism (Table 13)

except for the fact that Salmonella senftenberg has a higher

D value than Salmonella give due to the difference in the

slopes of the survival curves.

B. Frozen Egg Yolk

Some differences in results were obtained when the

same six species of !gf*g""flag were irradiated in sterile

frozen egg yolk. In general, the organisms appeared to

exhibit slightly more resistance to gamma irradiation when

they were suspended in frozen egg yolk than when the same

organisms were suspended. in frozen ggg albumen. Salmonella

give and Salmonella enteritidis \^iere the only two organisms

which were completely eliminated after the 0.7 Mrads of

irradiation (Table 10). In fact, Salmonella enteritidis was

completely destroyed with a dosage of only 0.5 Mrads while

a1I other species d.isplayed some survival at the 0.7 Mrad

level. Contrary to that observed in frozen egg albumen

Salmonella give and Salmonella heidelberg $iere the oniy
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species which displayed a lag in their survival curves

(Figures 4 and. 5). With the exception of these two lag

phases, all other survival curves appeared. as straight lines

when plotted on semi-Iog paper ino.icating that the destruc-

tion rates were equal at all levels of irradiation. Cn the

other hand Salmonella typhimurium exhibited a curious

"tailing" effect between the 0.6 and 0.7 Mrao levels (Figure

5).

The order of resistance of the test organisms was

much different in frozen egg yolk than in frozen egg albumen.
a

The 10" reduction values shown in Table L2 showed that the

most resistant species was Salmonella senftenberg followed

by Salmonella heidelberg, Salmonella typhimurium, Salmonella

give, Salmonella worthington and Salmonella enteritidis. It

h/as also observed that the 10 B reduction values \^¡ere all

slightly higher for each species in frozen egg yo1k.

The extrapolated D values for the six organisms were

also greater than those obtaíned in frozen egg albumen.

Salmonella senftenberg had the highest D value (0.075 Mrad)

while Salmonella heidelberg, Salmonella typhimuríum ano

Salmonella worthington all had D values of 0.070 Mrad (Tab1e

13). Salmonella gíve had a D value of 0.065 Mrad and Sa1mon-

ella enteritidis had the lowest at 0.045 Mrad in frozen egg

yolk.
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C. Frozg.n-I¡Lhcle Egg

The results obtained when tlLe Salmonella organisms

were irradiated i-n frozert whole egg (rable 11) differed from

the results obtained v¡hen irradiation was performed in the

other two egg products. Salmonella give and Salmonella

heidel-berg were completely etiminated after exposure to 0.7

Mrads of irradiation, and Salmonella enteritidis after 0.6

Mrads and Salgone-lla typhirnurium af ter 0 .5 Mrads. However,

both Salmonel-l-a worthiggton and Sa1monella serrftenberg \^rere

recovered after a dosage of 0.7 Mraos. Vüith: the exception

of Salmonella enteritidis and Salmonella senftenberg, lag

phases were observed in the survival curves for the other

four organisms when irradiated in frozen whole egg. As was

noted in frozen egg albumen and frozen egg yolk the srrrvival

curves of ail six organisms appeared as sträight lines when

plotted on semi-Iog paper, igain indicating that the destruc-

tion rates \^iere constant at all levels of irradiation.
The resistance to irradiatíon was similar to that seen

when the test organisms vrere irradiated in frozen egg

albumen. The 108 reductíon values v¡ere, however, slightly
higher in all species except Salmonella give which was lower

and Salmoneåla typhimurium which was the same as that
observed in frozen egg albumen. On the other hand the 108

reduction values vüere, in general, slightly lower in frozen

whole egg than in frozen egg yolk. Exceptions were
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GA¡4MA
B

A10

GRAi\4

TA3LE 12

]RRÄDTATÏON DOSAGES REQUIRED TO OBTATN
REDUCTTON OF Salmonellae ORGANÏSMS PER

OF FROZEN EGG YOIK¡ FROZEN EGG AIBUMEN
AND FROZEN VüÍTOLE EGG

Organism Frozen Albumen Frozen Yolk Frozen fühole Egg

MRÄDS

-q.

É"

S"

s.

g.

S.

gr-ve

heidelberq

enteritid.is

typhimurium

worthinqton

senftenberq

0.580

o "495

0. 330

0"430

o "490

0. 570

0.560

0"600

0"360

0.570

0. 550

0. 610

0"560

0"510

0.370

0"430

0"540

0. 610

Average of Five Trials
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TABLE 13

MRADS OF GAIVIMA TRRADTATÏON REQU]RED TO ACHTEVE

A 90% REDUCTION IN fHE NUMBERS OF S-a.lmonellae
oRcAr[rsMS rN FROZEN Ecc PRODUCTS (D VALUES)

organism Frozen Albumen Frozen yolk Frozen vÍhole Egg

MRADS

S. give 0"060 0-065 0.060

So heidelberg 0"060 0.070 0"060

S. enteritidis 0"040 0.045 0"050

S. typfrimurium 0"045 0"070 0"040

S" worthíqqto3 0.055 0"070 0.065

S. senftenberg 0"070 0.075 0"075

D Values Obtained From Survival

Curves Presented. in Figures 2 Lo 7
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TABLE L4

MRÄDS OF GA}{MA TRRADTATTON REQUTRED TO ACHTEVE
A 90% REDUCTION IN THE NUMBERS OF Salmonellae
ORGANISMS IN FROZEN Ecc PRODUCTS (D VALUES)

Organism Frozen Atrbumen Frozen YoIk Frozen Who1e Egg

MRÄDS

S" give

S. heid.elberg

S. enteritidis

S, typhimurium

S. worthinqton+

S" senftenberq

o "064

0"061

0.041

o "046
0.059

0. 069

o "o64

o.o7 4

0"045

0.070

0"069

o.077

0"069

0.061

0.050

0"048

0. 075

0"075

D Val-ues calculated from
data presented in Tables

B, 9î 10



Salmonella enteritidis which v¡as slightly higher

give which were

59

and Salmon-

the same inella senftenberg and Salmonella

both products (Table l-2).

Th.e D values as presented in Table 13 ind-icated a

simila.r trend in the resistance of the organisms as Lhat seen

in the 108 reduction values. Accord.ing to the D values

Salmonella senftenberg was noticed to show the greatest

resistance to gamma irradiation (0.075 Mracis). This was

foltowed by Salmonella worthington at 0.065 Mrads, Sa1monella

give and Salm-olella heidelberg at 0.060 Mrads, Salmonella

enLeritid.is at 0.050 Mrads and Salmonel'la typhimurium at

0.040 Mrads, respectively. The resistance of each species

in frozen whole egg as conipared to its resistance in frozen

egg yotk and frozen ggg albumen is essentially the same as

that observed in the latter two egg products.

In general, it appeared that Salmonellae was most

resistant to irradiation in frozen egg yolk and least

resistant in frozen egg albumen with frozen whole e99

affording intermediate protection to the organism.

3. IRRADTATION OF SAIMONELLAE TN FROZEN WHOLE EGG

WTTH THE PRESUUCN_õmffi'TURAL FLORA

The results of irradiating Sa1monella organisms in

fxozen whole egg in the presence of a natural flora are

presented in Table 15. Gamma irrad.iation affected Salmonella

organisms suspended in frozen whole egg quite differently
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when a natural flora was present. Salmonella give a¡,peared

to be much more resistant as growth (58 cells/gram) \^ias

found after 0.7 Mrads of irradiation. No growth for

Salmonella give was found at this level of irradiation in

the sterile product (Tables 11 to 14). Salmonella heidelberg,

on the other hand, displayed similar results as those

observed in the sterile product (i.e. little or no growth

at the 0.6 Mrad level) . Salmonella enteritidis and Salmon-

ella typhimurium were compleLely eliminated after exposure

to a dosage of 0.5 Mrads. The Same two organisms were also

completely destroyed with 0.5 Mrads of irradiation in

frozen sterile whole eggs. The results obtained when

Salmonella worthington was irradiated with a natural flora

present were much different than those obtained in sterile

r,¿hole egg. A ratr;id initial decline was noted with a tailing

effect persisting from the 0.4 to the c.7 Mrad. level.

Approximately one cell per gram of product was obtained at

each of these levels of irradiation (table l-5). Salmonella

senftenberg appeared to be qr-lite resistant in the presence

of the natural flora, with some growth observed at thre 0 -7

Mrad leveI. This growth was also observed for Salmoriella

senftenberg when it was irradiated in sterile frozen whole

sVY.

ExcePt

of all species

for Salmonella enteritidis the survival curves

studied, when plotted on semi-log paper,



T
H

E
 E

F
F

E
C

T
 O

F

T
A

B
I,E

 15

C
.A

¡4M
A

 T
R

R
A

D
IA

T
T

O
N

O
N

 S
alM

O
N

ellA
E

 O
R

G
N

N
IS

M
S

F
R

O
Z

E
N

E
G

G
 W

T
T

H
R

.A
I, F

I,O
R

A
 P

R
E

S
E

N
T

IR
R

A
D

T
A

T
ÏO

N
 T

,E
V

E
T

, (IV
IR

A
D

S
)

N
A

T
U

R
A

T
J F

IJO
R

A
C

e11s/gram
S

alm
onef.la

T
otal C

ount
G

m
 (-)ve C

ount
O

rganism
0.1

o.2
0"3

0"6
o"7

0"5

M
P

N
 S

alm
onella/gram

r"6 x
1"4 X

2,2 X

3"0 x

1"1 X

5"8 X

1"8 X

8"2 X

1.8 X

2"6 X

1"3 X

5"0 x

5"6 X

2"'7 X

2.3 X

3"8 X

6"0 x

I
1"2 X

 10
9

2,1 X
 10

9
2.1 X

 10
7

8"3 X
 10

7
2"7 X

 LO

B
1"0 x 

10
B

3"9 X
 10

B
2"2 X

 LO
5

4"1 X
 10

5
1.6 X

 10

6
2"9 X

 10
7

2.9 X
 l-0

5
3"7 X

 10
3

1,0 x 
10

3
3.2 X

 10

4"9 X
 10

4"5 X
 10

5"1 X
. 10

o "45

7"r

a
3"2 X

 10"3
1"5 X

 10
1

6"8 X
 10

0"37

UU

6"6 X

3"2 XU

L"6

5"8 X
 10

0"7

L"7U0

B
10

B
10

B
10

B
t0

9
101oB

6
10

7
10

B
10

B
10

9
10loB

S
. seryfte_nberg

S
 " g+

\z_e

s "¡e.i-de1þS
rg

s.w
orthington

s. enteË
è!¡Q

èE

9
10

10
10

10
10

J
T

O

9
10

R
10-

453

2
T

O

2
10

s"typhim
urium

 6.9 X
5.6 x 107 7.2 x Los 2"0 x 103 1'4 x 101

o "37

0"6n

A
verage of at

(S
ee A

ppendix

least F
ive T

rials
T

ables X
IX

 to 
)O

(lV

6I



F1¡:. I The ]iffect of Ganuna

Organlsms 1n Frozen

l¡lore Prese¡rt

o.2 o,3 o.4 o.5 0.6 o.7

i)osage Ln líegarads

frradlatlon on .æ.189.ry!!gg,

iftrole llgg lJfth e lJatural

Selmonella nlve x-x
_sarnonerra. hcldelbcrs o-o
íia}:ronolla c¡rtcritlclls 6 

-A

62

ru
frlri

i,;

v,
fr
o
Þ.rl

b(¡t
C{o
u,
f<
0,

I

0.0 o.t



Fls. 9 Tho Bffect of Oarnma

Orgenlsms 1n Frozen

Flora Prcsent

0.1 o.2 0. 3 0.4 o. 5 o. 6 o.7

l)osa.ße irr l.c;arads

Irradl.atlon on Sg!ry!þ.
I,hoJ.e lÌgg :,ilth e llaturel

Sal¡ro¡lclla tynhir.rurirun x-x
lìal-¡roncrra trorthÍnl:ton o-o
lialnronclla senf,tenberÂ ¡- Â

63

,l
10

tot

Lot

n
C'
¡<
ù0

i,;

ul
f{
o
Þ
d
Þlr
t/l
({
o
o
f{
Ð

'.:



64

TABLE T6

A COMPAR] SON OF TTIE AI4OUNT OF GA}4MA TRRADÏAT]ON
REQUïRED TO OBTAïN A 1OB REDUCTïON oF Salmonellae

ORGANISMS PER GRA¡iI OF STERTI,E FROZEN VüHOTJE EGG
AND FROZEN VüHOLE EGG VüTTH A NATURAL FLORA, PRESENT

lo8 eeduction Va1ues

Organism Sterile Frozen
V'lhole Egg

Frozen Vühole Egg
Plus Natural Flora

S.

S.

E"

Ê"

E"

S.

give

heidelberq

enteritidis
typhimurium

Worthi-nqton

s-eqftenberg

0"560

0. 510

0"370

0" 430

0"540

0. 610

MRAD

MRJ\D

MRÄD

MRAD

MRÄD

MRÄD

0. 650

o "470
0"375

0" 410

0"360

0. 610

MRAD

MRAD

MRAD

MRAD

MRAD

MRAD

Average of at Least Five Trials
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TABLE L7

A COMPARTSON OF THE AT{OUNT OF GAI4}{A TRRAD]ATTON
REQUTRED TO OBTATN A 90% REDUCTTON TN THE NUMBERSoF salmonellae ORGANTSMS rN srERrLE FRozEN ütHoLEEGG AUO--ffiffi--THOT,E EGG VüTTH A NATURJ\TJ FLORÄ PRESENT

(D Vatues)

MR.ADS

Organism Sterile Frozen
Whole Egg

Frozen Vüho1e EggPlus Natural Flóia

E. giv-e 0. 060

S. heidelberg 0"060

S. enteritidis 0.050

S. tvphimurium 0.040

S. worthington 0.065

S. s_enftenberg 0. 075

0.080

0"055

0. o45

0"045

0. 040

0.065

D Values Obtained From Survival
Curves Presented in Figures 2 to g
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TABLE 18

A COMPARTSON OF THE A¡4.OUNT OF GAI\4MJ\ TRRADTAT]ON

REQUIRED TO OBTAIN A 90% REDUCTION fN THE NUMBERS

OF SalmONellae ORGAN]SMS TN STERTLE FROZEN I/ÙHOLE EGG

AITD FROZEN WHOLE EGG Vü]TH A NATURAI, FLORå, PRESENT
(D VALUES )

MRÃDS

Organism Sterile Frozen
VÍhole Egg

Frozen üfhole Egg
Plus Natural Flora

S. qile

S. hei-de.lberq

0.069

0.061

0"080

0.058

0"045

0"051

0"045

0.073

S" enteritidis 0"050

S" typhinErrium 0.048

Ê" worthjnq_ton 0.075

S. qq4Élenbeqg 0"075

D Values Calculated From Data Presented
in Tables B, 9, 10 & 13
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appeared as straight
(Figures B and 9).

lines with slight
The survival curve

as a straight line

initial Iag phases

of Salmonella

enteritidi-s appeared but did not display

any initial 1ag phase.

Accord.ing to the 108 reduction values obtained from

the survival curves, Salmonella. give displayed the greatest

resistance. This was followed by Salmonella senftenberg,

Salmonella heidelberg, Salmonella typhimurium, Salmonella

enteritidís and Salmonella worthington (Tab,Ie 16 ) . This

order of resistance was quite d.ifferent than the order of

resistance in the frozen sterile whole egg. salmonella give

and Salmonella enteritidis displayed more resistance when

the natural flora was present, while Salmonella heieelberg,

Salmonella typhimurium and Salmonella worthington \^rere less

resistant. Salmonella senftenberg haci the same 108 reduction

value in both products.

The order of resistance as d.etermined by the D values

in Table 17 was essentially the same as the trend observed

in the 108 reduction values. Salmonella enteriti-dis and

Salmonella typhimurium each had a D value equal to 0.045

rvlrads while Salmonella give and Salmonella tyþhimurium were

the only two species that showed an increase in D Value. The

remaining four species had lower D values when irradiateC in

the presence of a natural flora.
It was interestinq to note that the n¿rtural flora was
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TABLE 19

THE EFFECT OF GAJ4MA TRRAD]ATTON

ON THE NATURAL FLORA fN FROZEN WHOLE EGG

Cel1s/gram

Natural Flora

Organism Original Count CountMPN/gram Total at 0.6 at O.7at 0 MRÃD Count MRAD MRÄD

s. worthinqton 3.8 x 109 3.0 x 1oB o o

s. enteritid.is 6.0 x 109 1.1 x l_09 o 0

S" typhimurium 6"9 x lo8 5"8 x 1OB o 0

Average of at least Five Trials
(See Appendix Tables )O(V, XVfr )CVII)
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compJ.etely elininated by a dosage of 0.6 Ivlrad.s. Only three

ËgLmofrel].a species plus the natural- flora 'i.¡ere studied for
this effect (Tab].e 19).

FinalJ.y, J-t should. be pointed out that the perti_nent

data presented. in this stud.y lrere stat j-stical-J-y analysed,

(appendix tables XXXI through XXXVIII). The results shor¡ed

statistically significant differences between the sensj-tivity
of the six test organÍsms to gamma irradiation, as weJ-J. as,

the rate of destruction of each test organJ-sm in the three

different egg products.



DÏSCUSSION

Sonte work has already been done on the subject of
ganuna irradiation of gg9 products. Three investigations in
particular involved work similar to that performed in this
study; Comer et al in 1963, Ley et al in 1963 and Tngram et
aI in 1961.

As outlined i-n the scope of investigation section of
this thesis an attempt was made to irrvestigate some aspects

of the effects of gamma irradiation on selecteci species of
salmonellae in frozen egg products. specifically, a high

initial level of Salmonella contaminatiorr ¡199-1610 ceLLs/

gram) in thie product was achieved prior to irradj-ation ancl

the effects of a large natural flcra (106 to r0B ceIls/gram)

on the resistance of the Sal-monella organisms to gamma

irradiation was examined. Throughout this investigation
the initial leve1 of Sa-lmone1la.e inoculated. into tLre prcducts

ranged between 108 and 109 cel1s per gram. An attempt was

made in this study to achieve a level of 109 to 1010 ce1ls

per gram for each of the six species studied. It was felt
that this higher initial ler¡el might have some effect on

the numbers of Salmonellae surviving irradi_ation and

ultimately on the radiores-i-stance of each species studi.ed.

This krigher level of inoculum was atta-ined for every species
IU
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except Salmonella typhimurium wh'i ch did not grov; as well as

the others. A leve1 of 108 to 109 cells per Çfâm \'"'as obtaineO

with this organism. Unlik-e the other studies, the effect of

gamma irradiation on :1elmonel1a species in f.rozen e9g and

f.rozen egg albumen was stud.ied in addition to frozen v¡hole

ggg. Because cf the higtter initial level of contamination

it r¡ras possible to obtain 108 reduction values instead of

107 reducticn values.

In the investigations cf Ley et a1 and Ingram et a.l

some work wa-s done with a very lcw level n¿rtural flcra

preserit. A portion of this study was concerned with the

possible effect of a high level of natural flora on the 108

reduction val-ues ano D values of each Salmonella species

in frozen whole egg.

The preliminary work performeci in this investigation

established the acceptabiiity of th.e method used to obtain

T¡acteria free egg sampleso the vaIidity and reproci.ucibility

of the MPN technique, the positive effect of lactose pre-

enrichment on the recovery of Salmonella organisms anci the

effects of freezLng on the total Salmonella. population. It

\\ias established by the prelimir'ary data that the method of

mixj-ng the Salmonella organisms into the egg proituct

produced a unif orm population in t'he prociuct.

The temperature studies carried otlt on

ducts during irradiation showed that although

the egg pro-

the temperature
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Cid rj-se, thawing did not occur.

It was observed that when Salmonellae were irradia-ted

in frozen g9g aibumen Sa'1mone-1-1a girre was the most resistant

species with a 108 reduction value of 0.580 Mracis anci

SalmonelÞ senftenberg. th" second most resistant r,riith a 108

reducticn value of 0.570 Mrads. This order: of resistance

was reversed, ho\nlever, when the D values were compared.

Salmonella senftenberg had a D value of 0.070 Mrads while

Salrnonella give had one equal to 0.060 Mrads. This apparent

reversal in resistance may be explairred b1z Lhe fact that

Salmonella give displayed a much more prominent- 139 than cl-id

SalmoneLla senftenberg. Thr.e D value is in fact equal to the

slope of the survival- curve and therefore is great-ly affected

by any lag period.

The order of resistance as deterrnined by the 108

reduction values for the remaining four species was

Salmonella heidelberg (0.495 Mrads), Sgl*o"e11â worthinEton

(0.490 Mrads), Salnionella typhirnuriu.m (0.430 Mrads) anci

Salmonella enteritid.is (0.330 Mrads) . Thris order v¡as

id.entical when the D value for each speci-es was compared.

This was 1ike1y due to the fact thrat Salmonella heid.elberg'

Salmonella worthingtorr and Salmonella typhimuriurn had only

slight lags while none at al-I was d.isplayed by Salmonella

g¡1teåilidip-.

The investigation of Comer et al establisheö the
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following order of resistance basied orr IO7 reduction values;

Salmonella gir,'e, Salmonella. t"i¿e$egg, Salmonê1Ia

typhimurium, Salmonella entêritidis and Salmonella senften-

berg. Although these values hTere cbtained in frozen v¡hole

ggg it is i.nteresting to note that Salmonel.la senftênberg

$/as the least resistarrt of the s¡:ecies listed whereas it was

the seconcl most resistant species in frozen egg albumen in

our studi es. This would suggest that there are differences

in resistance within serotypes as v,'e11 as betweerr species.

Ley et al and Ingram et a-l- in their studies in frozen

whole g9g established Sâlmonella !ryh'imurium as being more

resistant than Sa.'lmonella senftenberg although Ley et aI

used D values and Ingram et al used LO7 reduction values for

comparison. Nickerson et al, using high rzoltage cathode

rays found tkrat greater dosages were required to achieve a

rc7 reduction of Salmonella typhimurium than Salmonel-la

senftenberg in frozen egg albumen" Possibly, the fa.ct that

Ley et al and. Nickerson et a1 used Salmonella senftenbêrg

ATCC #775W as compared to the Salmonella sêirftenbêrg ATCC

#8400 used in this stucl-y would explain wh1,- Salmonella

senftenberg was found to be more resistant tharr Salmonella

typhimurium. This would tend to su6:port the concept of

differing resistances among serotypes of the same speci.es.

Comer et al felt that sensitivity to ionizirrg raCiatj.on was

not a fixed species characteristic. Thev believed that the
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chief difference between species of Salmcrlella laY in the

serological characteristics of the cells.

As menticned earlier, a lag was rroted in all survival

curves except for the one representing Salmonellg entêritidis.

Other than for this lag, the su-rvival curves represented a

geometric death rate consistent with the concepts a-dvarrced

by the target theory. When plotted. on semi-log paper the

survival curves appeared. as straight lines.

The "target theory" as outlined by CassareLt in 1968

(11), sLates that the number of viable organisr"r,s decreases

in a geometric progression when exposed to irradj-ation. If

the survír¡ing fractiorr is pl otted on a log scale a straight

line survival curve is obtained..

The order of resisLance was changed considerably when

the Salmonella organisms were irradiateci in frozen egg yolk.

The most resistant species was Salm.onella senftenbêrg wittr a

108 reduction val-ue of 0.610 Mrads, followed by Salmonella

heid-elberg at 0 .600 Mrads. Salnionella typhimurium,

Salmonella give and Salrnone.lla worthin.gtcn displayed similar

108 reduction values of 0.570, 0.560 and 0.550 Mrads res-

pectively. As in frozen ggg albumen gSlmone eîrtêritidis

e>rhibited the least resistance with a 108 reduction value

of 0.360 rr4rads. The crder of resistance remained essentially

the same when the D values for each organism were compa-red.

The only exception \'ías Salmcnell-a give which had a lower D



value than Salmonella worthj-r:gton. This

the fact that while Sa'lmonella qive had
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was pcssibly due t-o

a very marked 1ag,

Salmonella worthington had none at al-1.

Except for Salmonella give a slight increase was noted

in the resistance of each species to gamma irradiation. This

was established by examining both the 108 reduction values

and the D values (Tables L2 and 13). However, the D v'alue

of Salmonella give was greater in frozen egg yolk than i-n

frozen egg albumen. These observations would suggest that

frozen egg yolk offered consid-erably more protection frorn

irradiation than clid frozen egg albumen. This c:bservation

was also made by Nickerson et aI in L956 arid Brogel et al in

L957. In both stud.ies Salmonella sênf têrrberg and Salmonella

typhimurium were subjected to successive dosaEes of higlr

voltage cathode rê.ys. Nickerson et a] studied the ef fects

produced when these organisms uiere suspended in frozen egg

albumen whereas Brogel et al investigated these organisms

when they were suspend-ed in frozen egg yolk. The results

showed. that a \¡ery rnarked increase in resistance was

experier.rced by each species when suspended ín frozen egg

yolk.

An effect that was observed irr frozen 9gg yolk was

tkr.e "tailing" effect of Salmonefla typhimurium between the

0.6 and 0.7 Mrad levels. This tailing effect was also

reported by Dyer et al (13) in 1965, who investigated the
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radiation survir¡al of food pathogens in solid crab meat.

Growth was found in three of the five trials at the 0.6 Mrad

level arrd in one of the trials at the 0.7 Mrad Ievel. The

one trial that showed gro\,ùth at the 0.7 Mrad level remained.

essentially constant from the 0 .5 Mrac level onwards; with

counts of 23, 43 anð. 23 /gram respectively. (Appendix XII) .

The reason for this "tailing" effect could possibly be that

the yolk was capable of affording sone protection to this

species at these levels or that the irroculum was not properly

mixed throughout the yolk before freezing. Pcssibl-y clumps

of Salmonel'lae are more resistant to irradiatiorr tharr are

inoivioual cells.

Salrnone'Ila girre and Salmonella heidelberg \^¡ere the

only species which displayed a lag in their survival curves

in frozen egg yolk. The same explanation as used to explain

the 1gg in frozerr egg albumen can be u-sed to explain the lag

in these two species in flozen egg yo1k. Comer et al

suggested that this Iag was a result of a prctective effect

exerted by substances in the water scluble fraction of food

or complex media. The remaini-ng four species oisplayed no

initial lag period and all survival curves appeareci as

straight lines when plotteo on semi-log paper. Thus, it

would appear that the concepts c:f the target theory also

apply for SalmgneLla organisms irradiated in frozen egg yolk.

The resistance of Salmonella organisnrs was altered
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again when they v¡ere susperided in frozen whole egg. Salmon-

eIla give and. salmonel1a senftenberg¡ remained unchanged as

compared to frozen egg yolk but differed slightly from

frozen egg albumen. Salmonel-la heidelberg, Salmonel'Ia

typhimurium and salmonella worthington were less resistant
in frozen whole egg than in frczen egg yo1k, but except for
Salmonel'la typh.imurium whickr was the same, \^rere r,roïê resist-
ant than in frozen egg albumen. The orcr,er of resistance as

d.etermineo by the 108 reduction values was therefore altered.
The D values when examined gave a similar order of resistance

with the differences being attributable to the initial lag

observed in all species except Salmonella senftehkrerg and

Sâimonella enteritidis. For example, Salmonella give had

a much higher 108 reduction value than did Salmonella

heidelbe-rg while hoth species displayed the same D value.

The survival curves (Fi-gure 6 ) show that Salmonella give

hao a very pronounced initial Iag v;hile Sa'lmonella heidelberg

displayed only a slight lag. A similar observation can be

made with Salmonella entêritidis and Salmonella _typh'imurium.

In this case Salmonella enteritid-is displayed no lag while

Sqlmonella typhilnurium haci a very noticeable c;nê.

The D values obtained in this study oiffered con-

siderably from those found by Ley et al in 1963. According

to their investigation the D values for Salmonella

typhimurium and Salmonella sênftênbêTg r^/ere 0.068 and 0.047
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Mrads respectively. The values fcund in this study were

0.075 Mrads for Salmonella senftenberg and 0.040 Mrads for

Salmonella typhimurir¡u. These descrepancies can possibly

be explained by differences arrrong serotypes and the varieci

effects of different batches of whole egg used in the two

studies. Comer et al suggested that variation in the

melange was possibly responsible for the apparent variation
in radiation sensitivity among the species. On the basis

of IO7 reduction values obtained., Ingram et a1 found

Salmonella typhimurium to be more resistant than Salmonella

senftenb'erg in frozen whole egg. Comer et a1 established

the following order of resj.stance irr frozen whole egg by
1

using l0' reduction values; Saltnonella give, Salmonella

heidelberg, Sa'1mone1la typhirnurium, Salmonella enteritidis

and Sa'lmonrel.la EsnEtenbs-rg..

It must be kept in mind that the recovery techniques

used by these three research grou.ps differed from the

technique used in this study. Ley et al- used serial dilu-

tions and surface counts on oxoid nutríent agar; Ingram et

al followed the same procedure using nutrient Fgar, while

Comer et aI useo. nutrient ggar plus 1% peptone to obtain

¡rlate counts. In none of these studies v,'as a lactose pre-

enrichment used; a fact which may help explain the higher

recovery rates obtained in this study. A1so, the MPN

recovery technique has been. established by Ayres (L949) to
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be c1ear.1y superj-or to the plate count technique for the

recovery of Saèm9lelÅê onganisms; a belief that was upheld

by Taylor et al in L957.

The survival curves obtained for each species

followed a straight line when plotted on semi-log paper.

Sa:lmonella give,'Salmonella heidelberg, Salmonella

typhinurium and Salmonel'la worthington dísplayed an initial

i.ag while Sa,'lmone1la sênftenbêrg and Salmonella enteritidis

did not. Comer et al, on the other hand, found a lpg in

all of these species. Ley et al did. not show a lag in

Sa-lmonella typhimurium in frozen whole eggr but neither did

the survival curve for this organisni reach the y*axis.

ft would appear that the results obtained. by irreidi-

ating'Salmonella organisms in frozen whole egg also can be

explained on the basis of the target theory.

As mentioned earlier in the discussionr âh attempt

was made in this study to examine the possible effects of a

high IeveI of natural flora on the amount of irradiation

required to achieve a 108 reduction in the rrumbers of

Salmonella organisms present in fxozen whole egg. ft was

postulated that if more cells were present there would be

more targ:ets and thus more irradiation required to achieve

the same reduction in nunrbers.

Salmonella qive and Salmonella enteritidis were the

only species that displayed higher 108 reduction r¡alues when
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a naturel flora was present. Sal-moneÏla sênftenberg remained

unchanged while Salmonella heidelberg, Salmohella typhimurium

and Salmorrel.la worthington displayed lower 108 reduction

values " Salmonella !,rorthington in fact showed a very marked

decrease; from A.540 Mrads in the sterile product to 0.360

Mrads with a natural flora presêrrt.

Th.e data presented in Table 15 shows tLiat the natural

flora consisteo mainly of. gram negative organisms. However,

in the case of Salmonella give and Salmonella senftenberg

larger numbers of gram positive organisms \^/ere present.

Possibly, gram positive organisms display a greater resist-

ance than do gram negative organisms to. gamma irradiation,

thus necessitating higher dosages for inactivation. Erdman

et a1 (16) in 1961, showed that the gram positive organisms,

Streptoc'occus faecalis and Staphlococcus aureus were rrore

resistant to gamma irradiation than were the gram negative

Salmonella pullo!ün and Escherchici coli organisnrs. Desrosier

eind Rosenstock (12a) in 1960 stated that the species type

!i7âs a nrost critical factor to be considered when a bacLerial

population was subjected to irradiation. They felt that,

in general. vegetative cells required a substantially lower

dosage than did spcres to accomplish a given ciegree of kill.

They also stateci that cocci and non-spore forming rods were

generally more radiation sensitive. Population reductions

of 90 per cent with Escherichia coli \,vere obtained with as
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Iittle as 20,000 rads. Ley et aI also investigated a low

level of natural flora present but no attempt was made to

see if this had any effect on the anrount of irradiation
required.

Furthermore, it would appear that the natural egg

flora used in this investigation did not contain any

appreciable number of spore forming organisms, as spores

have been shov¡n to survive a dosage of 0.7 Mrads of irradj-a-

tion. No attempt was made to determine the presence of

spores j-n the natural flora. However, since the natural

flora consisted of a culture which w¿rs girown in an enriched

medium prior to j-rradiation, in order to obtain a large

population, all organisms in the inoculum may be in the

rregetative state including spore formers. This may explain

the absence of arry survivors af ter 0 .7 Mrads of j-rradiation.

The d.ecr:ease in 10 B reduction val-ues of three c:f the

species studied is difficult to explain. Perhaps the gram

negative organisms present, produced some antagonistic effect

on tïie Sa]monellae and thus enhanced the effect c¡f qamma

irradiation. There is the possibility that natur:al inhibitors
present in the sterile v¡hole egg were tied. up by the natural

flora in the lower quality eggs. Tt could also be that the

natural flora utilized some nutritional factor that was

usecÍ by the Salmonellae ouring recovery in the sterile whole

egg -

An examination of the D val-ues revealed. a some\^¡hat
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differ:ent picture with regards to raoio-rer';istance. Accord-

ing to these vafues only Salmonella give and Salmonella

typhimu-rium appear to be more resistant when a natural flora

is present. All other species showed a decrease in resist-

ance. This, possibly, can be explained by the fact that

all species, with the exception of Salmonella enteritidis'

d.isplayed an initial lag on their surviva.l curves.

The survival curves, except for the initial lags,

appeared as straight lines on semi-log paper. As this

represents a geometric decrease in numloers it would appear

that the target theory can be used to explain the resuits in

this aspect of the work as well.

frradiation levels of 0.6 and 0.7 Mrads completely

eliminated the natural flora when Salmonella worthington,

Salmonella enteritidis and Salmonel-Ia typhimurium were pre-

sent (Table 19). Each of these Salmonella orgianisms \^lere

essentially eliminated. at the 0.5 Mrad level; thus any

colonies appearing on the plates at the 0 - 6 and C - 7 Mrad

levels woutd have to be the natural flora. As none was

observed, it would seem that a dosage of 0.5 to 0.6 Mrads

will eliminate the natural flora as well as these particrrlar

Salmonellae, yield.ilg an essentially sterile product-

For the purposes of this investigation, 108 reduction

Values Were used aS a measure of an Organisms t resistance to

irradiaLion. It was felt that this eíght 1og reduction

wouid possibly give a truer picture of radio-resistance than
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the seven 1og reduction and thus produce more accurate D

values. The D values were obtained not primarily to gauge

resistance but tc; be used as a means of calculatinq the
i-oesr-req oosages required to produce a gíven irrt"tilttron.

For example, if a product contained 1000 Salmonellae per

gram and the desired level was on Salmonellae per i000 grams,

the reduction needed would be equivalent to six 1og cycles.

To determine the dosage required, the D val-ue for the

Salmonella specj-es present would be multiplied by a factor

of six (6n¡ . Thj-s reasoning \'ras also followed by Ley et al

in 1963.



SUMMARY

This study involving the irradiation of selected

species of Salmonella in frozen egg products in the presence

and absence of a natural flora ind,icated the followirrg;

1. Of the six species of Salmonellae investigated

in sterile frozen egg albumerr, the 108 reducticn

values revealed Salmorrella give to be the most

radio-resistant followeci bv Salmonella senften-

b'r9., Salmonella heidelberg, Salmonella

worthington, Sa'Imone1la typhimurium and

enteritidis.

Sãlmcne11a

2. Of the six species of Salmonellae in.vestigated

in sterile frozen egg yolk, the 108 reciuction

values revealed Sa'lmorrella senfteno'erg to be the

most radio-resistant followed by Sa'lmonella

heidelberg, Salmonella typhrimurium, Salmorrella

give, Salmonella worttiington and Sa'lmone1þ

e.nteritidis.

3. Of the six species of Salmonellae investiqated in

sterile frozen whole ?gg, the 108 reduction values

revealei Salmonella senftenberg to be the most

resistant followed by Sa'lmonella give, Salmonella

woîthingtonr'Sa'lmonei-la heidelb'erg, Salmonella
B4
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typhimurj-um and Salmonella entêritiois.

Of the three egg products studied, it appeared

that, the least protection was offered to the

Sa1monellae by frozen egg albumen ancl the r,rost kiy

f.rozen egg yolk with frozen who-]"e g9g offering

intermediate protection.

The presence of a high level of natural flora ín

frozen whole ggg altered the resistance of each

Salmonella organism. Due to the Fresence of a

natural flora in the frozen whole egg the most

radío-resistant species appeared to b,e Sa'lmonella

givq followed by Sa'lmonella senftenberg, Salrnonella

heidelberg, Salmonella typhimurium, Sa'lmoneLla

enteritidis and Sa'lmonella worthington..

The target theory of irradiatj-on was upheld b1z the

data obtained for each product and no selectivity

vri as noted under irradiation.

5.

6.
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APPENDfX X)(\/

rHE EFFECT OF GAMMA TRRADTATTON ON THE

NATURAL FLORA OF FROZEN WHOLE EGG WHEN

Salmonella worthinqton is PRESENT

Natural Flora
Coloniqs/qram

Count
^+av

116

Count
^+d.L

O" 7 MRAD

S. worthington
MPN/qram

Count
^+EL

O MR.ADIrr_a

(1)

(2)

(3)

(4)

(5)

(6)

(7)

(B)

2.4 X

1"5 X

1"5 X

9"3 X

2"4 X

2"I x

9"3 X

1.5 X

at O MRAD

109
9

10
9

10
9

10

109
9

10

109
9

10

L.4 X rO7

7
l_.4 x 10

2.2 X LO7

72"2 X LO

2.2 X LO7

7.7 X 1oB

'7.7 X 1oB
B7.7 X 10

0.6 MRAD

0

0

0

U

U

0

0

0

0

0

U

0

0

0

0

0

Average 3"8 X 109 3.0 x to8 0



LL7

APPENDÏX Ðfi/T

THE EFFECT OF GAMMA ]RRAD]ATTON ON THE

NATUR.AL FT,ORA OF FROZEN WHOLE EGG WTIEN

Salmonella enteritidis ïS PRESENT

S. enteriti-dis
MPN/qeam

Natural Flora
Colonies / qram

Trials Count at 0 MRÃD

Count
at

O MRAD

Count
-J-qL

Count
at

0.7 MRÄD6 MRÃD

(1)

(2)

(3)

(4)

(s)

4.3

1.5

4.3

4o3

2.4

L"2

L.2

9"8

9.8

9
10

9
10

a
10"

R
10"

x10

x 1010

9
10

109

109

1"2 X 10 0

n

0

0

U

0

^

0

0

0

X

X

X

x

9
Average 6. 0 x 10 1"1 X l0 0U
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APPENDÏX )OCV] f
THE EFFECT OF GAI4MA TRRADTATTON ON THE
NATUR.A,L FLORA OF FROZEN T^THOLE EGG T/VHEN

Salmonella typÞimurium TS PRESENT

So typhimurium
MPNI gram

Natural Flora
Colonies / qram

Trials Count at 0 MRAD

Count
r*EL

O MRAD

Count
^!c¿ L-

O" 6 MRAD

Count
at

7 MRÄD

(1)

(2)

(3)

(4)

(5)

(6)

B4.3 X 10
R

2"4 X LO"
9

1"9 X 10
B

2"4 X L0

B9"3 X 10
B4.3 X 10

B5"8 X 10
a

5.8 X 10"
B5"8 X 10
B5"9 X 10

B5.9 X 10
ö5"9 X 10

0

0

n

0

0

0

0

0

0

0

0

0

RtJ
Average 6.9 x 10 5.8 X 10 0
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APPENDÏX )Ofi/Ïf T

TEMPERATURE CHANGES fN FROZEN

EGG ALBUMEN DURTNG TRRADTATTON

-t ].me
(Minutes) MRÄDS

Temperature
(o c)

Time
(minutes)

Temperature
(o c)MRADS

U

I

2

3

4

5"1

6

7

9

L0 "2
11

L2

13

L4

15"3

L6

T7

1B

t_9

20 "4

0"1

o.2

0.3

-??

-3"3

-3"3

-3"3

-2,8

-2"8

-2"5

-2,2

-2 "2

-2"2

-2"2

-2.2

-2"2

-1"9

-1.9

-1" 9

-r.7
-l-"7

-L.7

-r"7

-1"7

2L

22

23

24

25

25 "5

26

27

2B

29

30

30" 6

31

32

33

34

35

35.7

0.5

0.6

-r.7
-r"4
-r"4
-L.4

-L"4

-L"4

-l-.3

-1.3

-1" 3

-1.3

-1.3

-1" 3

-1.1

-1.1

-1" 1

-1.1

-1" I

-1" I

o"4

o"7
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APPENDTX XXTX

TEMPERATURE CFIATTGES TN FROZEN

EGG YOLK DURTNG IRRADÏATTON

Il-me
(Minutes) MRADS

t"*ni5Ëi'" Time Temperature
(Minutes) MRADs - (o c)

0

1

2

3

4

5.1

6

1

x

9

l.o.2

11

T2

'l?

L4

15"3

T6

L7

1B

I9

20.4

0"1

o"2

0"3

-6r1

-5"5

-5,3

-5"0

-4"4

-4"2

-3"9

-3"3

-3,3

-3,1

-2"8

-2.5

-2 "5

-2.2

-2"2

-2"2

-1" 9

-1" 9

-1" 9

-1.9

-l-"'7

2L

22

23

24

25

25 "5

26

27

2A

29

30

30"6

31

32

33

34

35

35.7

0.5

0"6

-r.7
-r"7

-L.7
_L"4

-7"4

-L.4

-L.4

-r"4
-1.1

-1"1

-1" I

-1" I

-1.1

-1 1

-1.1

-1" 1

-1" 1

-1" f

o"4

o"7
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APPENDfX )AO(

TEMPERATURE CTTANGES

WHOLE EGG DURTNG

TN FROZEN

IRRÄDTATTON

Time
(Minutes) "T8"äTt"'" Time

Minutes MRADS
emperature

(o c)MRADS

0

1

2

3

4

5"1

6

9

LO.2

11

T2

13

l4
15"3

L6

L7

1"8

I9

20 "4

0"1

o.2

0.3

-2.4

-2"5

-2"5

-2"5

-2"2

-2.2

-2.2

-2"2

-1" 9

-L.g

-1" 9

_1" g

-L.7

-L.'l

-L.7

-L"'7

'L-7
_L,7

-L"7

-L.7

-1"7

2L

22

23

24

25

25 "5

26

27

2B

29

30

30"6

31

32

33

34

35

35 "7

0"5

0.6

o"7

-L"7

-L"4
_r"4

-L.4

-L.4

-L.4

-1"4

-L.4

-r.4
-1.1

-1" I

-1"1

-1.1
-1.1

-1" 1

-1" 1

-1" 1

-1.I

o"4
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APPENDIX XXXI

THE EFFECTS OF GAI\/IMA fRRADTATION ON SALMONELLAE

ORGANISMS IN FROZEN EGG ALBUMEN

ANOV

Source of Degrees of Sums of Mean F
Variation Freed.om Squares Squares Values

Replication 4 6.59 1.65

Organisms 5 91.51 18.30 5l_.06**

Level-s 7 2934.70 4l-9 .24 L7.69 .79x*

Tnteraction 35 52.L6 L.49 4.16

Exp. Errors 188 6'Ì .38 0.36

TOTALS 239 3152.34

F Values ** Highly Significant
* Significant

(Da,ta from Appendix Tables It fV, VfI, Xt XIII, XVI)
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APPEND]X XXXÏI

THE ET'FECTS OF GAMI\4A ÏRRÄ,DÏATION ON SAI,I4ONELLAE

ORGAN]SMS IN FROZEN WHOLE EGG

ANOV

Source of Degrees of Sums of Mean F
Variation Freedom Squares Squares Va1ues

Replicati-on 4 L.gB 0.494

Organisms 5 110 . 70 22.L4 5l-.20**

Level-s 7 30L4.49 430 .78 996 .15**

fnteraction 35 56 .9 E 1.63 3.76*x

Exp. Errors 188 81.30 0.432

TOTALS 239 3266 .45

F Values ** Highly Significant
* Sionificant

(Data from Appendix Tables II. V, VIII, XI, XIV, XVII)
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APPENDIX XXXIIf

THE EFFECTS OF GAMMA IRRADIATION ON SALMONELLAE

ORGAN]SMS IN FROZEN EGG YOLK

Atr-ov

Source of Degrees of Sums of Mean F

variation Freedom squares squares values

Replications 4 9.30 2.33

Organisms 5 141.0 9 28.22 83 - 03**

Level-s 7 3166 .3 6 452.34 1330 -96**

Interaction 35 95.]-73 2 -72 8.00**

Exþ. Errors lBB 63. 89 0.340

TOTAL 239 3475.83

F Values. ** High1y Significant Differences

* Siqnificant Differences

No Significant Differences

(Data from Append.ix Tables III' VI, IX, XII' XV, XVIII)
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APPEND]X XXXÏV

THE EFFECT OF GAIVITVTA TRRÄDTATION ON SALMONELLAE

Oiì.GANÏSIVIS TN FROZEN WHOLE EGG

WTTH A NATURAL FLORA PRESENT

ANOV

Source of Degrees of Sums of Mean F
Variation Freedoms Squares Squares Values

organisms 5 62.14 12.43 19.07**

Levels 7 546.88 78.13 l2l.}c'trx

Interactions 35 22.58 0.65

TOTAL 63L.6r

F Values *'À' Highly Significant
* Significant

(Data from Appenclix Tables XIX, XX, XXI, XXII'

KXTr.r, XX]V)
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Rei:lications 2

Treatments

Exp. Errors l0

F Value ** HighIY Sigrtificant
* Significant

(Data frorn Table L2)

L26

0 .0r0Bl 0.00540 4 "r5*

c.11183 0 .02237 r7 .236**

0.01298 0.0013

0.13561

APPE},¡DTX XXXV

GA}IMA IRRADIATION DOSAGES REQUIRED TO OBTAIN
q

A lOO NSOUCTION OF SAIIYIOI'{BLLAE ORGANISI4S PER

GRAM OF FROZEN EGG YCLK' FROZEN BGG

ALBUI\iEN AN-D T'ROZEN WHOLE EGG

ANOV

Source of Degrees of Sums of Mean F

Variation Fieeäom Sguares Squares Values

TOTAL L7
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APPENDIX XXXV]

MRADS OF GAMMA IRR?TDIATION REQUIRED TO ACHÏEVE

A 909ó REDUCTTOI'{ TN THE NUIVIBE}ìS OF SALMCNELLAT;

ORGAN'ISMS IN FROZEN EGG PRODUCTS (D VALUES)

ANOV

Source of Degrees of Sunis of Mean F

Variation Freedom Squares Squares Val-ues

Replicaticns 2 A.00037 0.000i8 0'415

Treatnients 5 0.00147 0.00030 7 .203x*

Exp. Errors 10 0.00041 0.00004

TOTAL L7 0.00227

I' Valti-e ?k* Highly Signifi-cant
* Significant

(Data from Table 13)



APPENDIX XXXVII

GA]V]iliA TRRADIATION DOSAGES REQUTRBD TO OBTAIN
eA tOo ngtuctloN oF sArùioNELLAE oRctu\rsi\is ïN

FROZEN I^IHOLE EGG VIITH A NATURÄ'L FLCR?! PRESENT

L2B

0.09584 0.01917

0.00175 0.00175 0.445

c.01951 0.00390

ANOV

Source of Degrees of Sums of Mean F

Variation pieed-om Squares Squ-ares Values

Replication

Treatment

Exp. Errors

TOTAL 11 0.11711

F values **r HighlY Significant

* Siqni-ficant

(Data from Table 16)



L29

APPENDIX XXXVTTI

MRÄDS OF GA}MA IRFADIAI]ION REQUÏRED TO ACH]EVE

A 9OZ REDUCTTON IN THE NUMBER OF SÃ,LiVIONELLAE

ORGANISPJS IN FRCZEN V¡HOLE EGG WITH

THE NATURAL FLORA PP.ESENT

ANOV

Source of Degrees of Sums of Mean F
Variation Freedom Sguares Sguares Values

Replications 5

Treatments

Exp" Errors

TOTAL

0.00132 0.00026

c.00003 0.00003 c.294

0.00057 0.000i1

0.00192

F Value *?k Highly Significant Differences
t( Significant Diff€)rences

No Siqnificant Differences

(Data from Table 18)

1l-


