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ABSTRACT

salmonella give, salmonella heiderberg, salmonella

worthington, Salmonella typhimurium, Salmonella

enteritidis and salmonella senftenberg 775 \l \^/ere

arti-ficially introduced into powdered egg albumen,

powdered egg yolk and powdered whole egg.

All known variabr-es which courd produce biased
results were investigated in preliminary studies before
the main research was started. The gamma irradiation
dosage required to destroy these organisms in the
powdered egg products was then determined.

rt was observed that complete destruction of all_

salmonella species in powdered whole egg, was obtained
at a level of 0"62 lvrrads. s. worthington proved to
be the most irradiation resistant species when present
in this product" A dosage of 0 "62 Mrads was required
to destroy it. g-. senftenberg, the l_east resistant
species, required a d.osage of 0.40 Mrads to eliminate
it.

In powdered egg yolk complete destruction was

obtained at 0.66 Mrads. €.. worthington was the most

resistant organism requiring 0.66 Mrad.s for complete

destruction, while 0.37 Mrads was required to destroy
g" enteritidis, the least resistant species.



Powdered egg albumen provided the greatest degree

of protection of the three powdered products considered.

9.. heidelberg, the most resistant species in powdered

egg yolk, requJ-red a dosage of 0.56 }lrads to destroy it"
El-imination of the least resistant species, S. typhimurium,

required 0.40 Mrads 
"

There was a definite variation in sensitivity to
gafiìma irradiation between products and between species

studied. However a dosage of 0 " 7 l4rads would be suitable

level for complete destruction of all species in the

powdered egg products investigated"
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ÏNTRODUCTTON

At the present time, the thermal paster:rization
methods used üo destroy salmonellae in egg prod.ucts

prior to drying for the production of powd,ered egg

products, have proved to be onry partialry successful.
Thermal pasteurization occurs before the drying process,

making the powdered product highly susceptibre to con-
tanÍnation, during and after drying and during packaging.
As a result, in certain casesr. powdered egg proclucts

ürere found to be contaninated, with salnonella organisms.

ït is conceivable that most of this may be due to
posü-pasteurization contamÍnation. rn some instances,
it has been reportedthât the thernal paster¡rization
temperaüure, LI,2"F for 3å minuües, vùas inadequate to
destroy the salmonellae when the product was grossly
contamj-nated. The occurrence of inproper pasüer:rization
is rare however, since a considerable safety facüor is
lncluded in the temperatures used,.

The presence of salmoneilae in the finished product
nornally necessitates re-processing of the powdered

eggs. However, this is a costly approach and usually
results in a poor quality product. rn most cases, the
powder is destroyed, resurting in a consid.erable loss
of revenue to the manufacturer.
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These problens couLd be avoided to a large extent,
if ganna irradiation could be used to destroy the

micro-organlsms. In addition, it wouLd not be nec-

essary to subject the powdered egg products to gannna

ÍmadiatÍon until after drying and packaging had

occurred, since this nethod of food preservation is
not limited to the foru of the producÈ. Re-pasteuriza-

üion may also be possible usÍng this meühod without
adversely affectíng the physio-chenical characteristics
of the product.

The present study was ínftiated to deter"nine

whether an acceptable level of Íonizing irradÍation
could be used to destroy salnonellae Ín egg products of
Iow waËer activÍty.



REVTEW OF TTTERATIIRE

A. Historigal år¡mmarv

ï,

According to reasonably accurate historfcal
records, the first known salmonella (g1) outbreak

occurred in the sma1l village of Frankenhauser,

Germany, in 1888 (32') " At that üime the organism

that was to take its generic name fron the late
Dr. salmon was identífied as Bacillgs enteritidÍs
(Salnonella_enteritidis)" This organism prod,uced

severe gastroenteritidis symptoms ln 5T people and

led to the death of one person who had conswred. a

large amount of the infected meat.

A second incidence of a sal¡rorellosls ouübreak

occurred ín a village in Belgirxr, in 1gg5 (zz¡. The

inportance of this outbreak was that, althorrgh the
fnfected sausage meat looked and, smelred alright,
1t resulüed in one death and produced, illness in a

number of other indlviduals. once again salEonella
enteritidlg was isolated as the causative agenü.

This second outbreak suggested two imporbant concrusíons.
First, the severity of the synrptoms was not proportional
to the meat consumed. second,, a time lapse of 12 to
24 hours occurred before the onset of ühe first symptoms.



4.

ïr' r*adÍation as a lvreans_of Lasteurizing and

-Sterilizing Foods.

The value that Ímadiation has in producfng

biologlcal changes in food was discovered zo years ago.

rn 1898, Pacionotti and, poreellÍ first observed the
effect of Íradiation on mLcrobes (ttZ¡" In 1904,

Prescottin discovered that radir¡n radiation prod,uced

profound effects on pathogenic organisms. (lI2)
A patenü was issued in 1930 to o. wust, a Frenctunan,

to use ionizíng irradiation as a means of preservatíon.
Also, Proctor, (ffe) Van de Graaf and, Fram of the
Massachusetts rnstitute of rechnology carried. out the
first controlled experinents on foods under contract
for the II. S. Quarternasters Corps in 19i3. (112)

ft was not until L95O, however, that the United
states Atonic Energy commissÍon co¡rnenced support r orl

a limfted scale, of research investÍgatlng the potentials
of gamnaa emitting isotopes. after two years of prelimin-
ary research, the Quarternaster General requested, in
May 1953 r authorization to initiate a flve-year research
program. By I9j6, this program was supporting gO

lnstituüÍons boüh in the academie fíeld and. food, industry.
(tlt). This program continued to the end, of the five-
year contract and was evaluated and realigned in 1960.
After 1960, a consid,erable expansÍon of facirities lras
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carried out. By this tine, research was arso weLl
established in Canada and the United Kingdom.

Three dates from the next four years became

extremely important: February B, 196j, August, l.963,
and June 30, 196lþ. It was on these dates thaü the
fÍrst three foods preserved by ionizing iryadíation,
bacon, wheat and wheat products, and, potatoes were

cleared by ühe u. s. Food and Drug .A,dninistration
for hr.¡man consumption. since thÍs time, however, the
Food and Drrrg Association has become increasingly
more cautÍous about the release of irradiated food.s

for hr:man consumption. Thís was evidenü in the recent
decision to prevent the marketing of irrad.Íated canned

han (52¡.

B.

ï, fngriÈence

Last year, I9rZ23 Salno-ne1la isolations were

reported from hunan sources. This represented, a r.6%
decrease fron the zorot+o isolations report in the [I.s.
in 1966. A total of g rTgU isolations were also
reported from non-human sources, an increase of rt+.r/o

over 1966 (tt4¡. In the case of non-human isolations,
the belief is ühat this i.ncrease can be atËributed, to
increased surveillance of non-human vectors rather than
an actual increase in isolations.

During 1962, Canada reported 216?3 isolations, a
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slightly hfgher per-capita level than rìras encountered in
the u. s" This represents an increase of 4.9/o from the
21551 isorates of L966 (tt5¡. There was a 3r/, increase
in non-human Íso1ates.

rn ühe united states the serotype frequency íncreased
from 153 fn 1966 to ].55 ln L962, while in Canad,a rhe number

of serotypes Íncreased to 68 from a previous yearrs high of
58" These figures represented only a snall percentage of
the more than 1r200 known Saþ-onella serotypes.

vehicles for 29 major sal¡nonella outbreaks in the
united states included seven caused by contaminated eggsr
five by contaninated turkey, two by beef, two by pork, one

by raw milk, and, one by potato saLad. The food for for¡r
other large scale outbreaks was not identÍfied. These 29

outbreaks represented a total of j 176r i.solates and 11
different serotypes (Table 1) (tt¿¡" These outbreaks,
reveal-ed. the lmportance of aninal reservoirs in the
transmission of salnonellosis.

The incidence of salmonellosfs Íncreased. markedly between
L9l+2 and 1963 in the UnÍted States. This was attributed
directly to a nr.¡¡ober of factors including availabÍlity of
laboratory facil-ities, better techniques of isolation and

identifÍcati.on, and improved systems of reporting sar¡nonell-
osis. From 196l+ onward, the incidence of salmonellosls has
been essentially constant (Figures 1 and 2) (tt4¡.
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TABTE 1

Outbreaks Reported in the Salmonella surveillance Reports

]-967

Eggs Hospital
HospÍtaI
BanqueËs

SchooI
cafeteria
Home
Home
Home

Dormitory

Banquet

Banquet
Home
Nursing I{ome

Restaurant
Restar¡ranü
Product
School
Banquet

Home

Restaurant
Home
Banquet
Dormitory
Home
Restar¡rant
Home

Hospital
Hospital
Hospital
Hospital

S. tvphi-murirrmffi@aS. braenderúp

S, montevideoffis@S. tvphi-nurir:¡o var.
coDennasen

S. manhattan &s. nei.delbere
S. tvphi-nurir¡m

S. manhattan &
fneì-port-

S. tvphi-muriumF-rrffiffi--
S. entelitidis

Turkey

Pork

Beef Jerky
Beef
Potato SaLad

Raw llilk
Food-borner vehicle

unidentified

Contact-spread

?L
L3

lr8oo

25o

185

1'9oo

7
5
5

172
7

31

90
10

104I
9

3z

100
300
210

40

l+I
14
l+2
3T
T2

3t9
3

S. tlphi-murium
S. thompson
S.9hompson
S. typhi-murium var.

copenf¡agen

S. üvphi-murium

S_. lvpþi-muriumS. tvphi

S. newport+S. tvphi
S. tvphi-rnurium
S. Javiana
S. tvphi-murir¡m
@

Persons
Vehicle of Infectign 1Il Loeation Serolvpe

S. chester

TOTAI,S: Outbreaks 29 Cases 5 r76L .serotypes - 14
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fncidence of deaths due to salmonellosis are difficult
to assess, because nany deaths that courd be attributed to
salmonelLosis are conpounded by the fact that the patients
were also severely ill with oüher diseases. Of the 29

outbreaks representing 5176r isolaüions, rj deaths occured,.
This represented a case-to-death raüio of 0. zz/o. Most of
the deaths were a¡nong the very young, the erderly or the
severely iIl"

ïn canada, deaths due to saLmonellosis are not listed
separately. Tn ]-966 ten deaths were attributed. to para-

typhoid and other saþonella infections, an incidence of
0.1 cases per 1001000 population (I15),

IT Tvpes

rn canada, isolations of salmp¡rg,l.rae from hunan sources,
during 1967 ín the months of Jr¡ne, July and August, indicated
that $. tvphinurium and s. tvphimuli¡¡m var. copenhaeeg were

the most commonly identÍfied serotypes. These two seroüypes

represented 29.6/o of all isoLatlons. The second most conmon

serotype was !. Nevrport with 16.2/o. Other conmon serotypes
uere S. sainl-pau1 (LI.Iø), €. fnfantis (6.2%l and

!. enteritidis. The Íncidence of s. heidelberE decreased

from ]..;.""8/o in 1966 to 4.?% ín L967. Ë,. thompson also

continued to decline from 5.8f, to l+% in the respective
years. These eighü most frequent types accounted for
79.3% of all isolarions (85).
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rn ühe case of non-human isolations, Ê. saint-paul
replaced !. tvphimuriu¡o as the most commonly reported.
isolate in 1967 wíth 15.3/o. Ê. infantis accounted for
].4."9% and S. twhlmuriqg together with S. typbimurium
var. copenhagen represenüed 14.6/o of the isolatÍons
(85).

Again in L967, twenty-three different serotypes
vüere Ísorated for the first time i.n canacia. Ten of
these (S. albony, å. alþuquerque, S. bulawayo,

€, çoleyparE, S. flint, S. haifq, Ë. haouaría, S. norwich,

Ê. wassena_ar and !. wayeross) were isolated from hrrman

sources' Thirteen were isolated from non-human sources:
€. chameleon, S. ehicago, S. chingolq, €" christia3sborg
€. dessau, S. good, Ê. natopeni, S. muenstef,
g. ondersüepoort, S. saphrâr S. gþendal, !. westhagpton
and one not yet named, (Bj).

The ten most conmon serotypes from human sources
in the llnited süates ín 196T were: s. typhimirrír:m,

Ë. heídelberg, S. enteritidis, S. neJ,lp-ort, S. infantis,
É. !¡aint-pauI, !. blockley, S. thompson, S. En.i-g.nþ-g¡€,,
€. montevÍdeo. These serotypes were responsibre for
7r% of all isolates reported. s. lvphimurium and
g. tvphimurium var. copenhaEeq were encountered nost often
making up 29.1+% of all isolatfons. g. heidelbere, the
second most eommonly encountered serotype, represented.
8.+f, of all isolations (lltl).
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C. Commercial SiEnÍficancgof Éa]p_onellae 1n Food

The presence of Salmonellae ín food is of great

importance, when consÍderatfon is given to food polsoning

and food-borne Ínfections throughouü the world (I?, ZOl.

Considerable effort has been lniüiated to conbat salmonellosis
in some of the more advanced countries. rn the remainder

of the world, however, a far greater effort is required,

since in many of these areas, outbreaks are becoming

more common (2O, 53'l ,

ï" Meat

Throughout many areas of the worrd infected meat has

often been implicated in the epidemology of salmonellae
(5, 2l+, h2, l+3, 6l+, 90), frl Ireland, Ê. dublin was

isolated in the feces of 24.5% of apparently healühy

slatrghter cattle (73'l . Accordlng to Lntje (61) adulü

slaughter cattle have also often been contamLnated with

Ê. tvphintrrir:n. A nu¡nber of other studies (r5, zr, g3I

have also shown catüle to be contaminated with a variety
of other Salmonella serotypes.

Other rr:minants have also been implicated in tbe

eornmercial transmisslon of salmonellosis. sheep have

been especially singled out for criticism (LZ, 76).
fn an examination of apparentJ-y nornral hogs ,

Hormaeche and salsmendi (t+9) identified a large number

of different bacterLal types including Salmone1lae.

As a result of this study, investigators have stressed
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the importance of the stock yard, the holding lot and

the abaütoir in ühe spread of salmonerlae in hogs (zg'l 
"

perelli-l1inetüi et al (29) maintained that, if
such hÍgh contamination revers were encountered in the

animal before slaughter it is not surprising that
sglmonella contaminatfon often appears in foods prepared

frorn meat. Salgronellae was recovered from 3% of ZI+rt+Uz

meat sarnples examÍned by Holtz (48). Other studies have

shown a simllarity hlgh rate of contaminatÍon in both

the UnÍted Sbates and Europe (23, 31, 116).

Frozen meaü has also been Ínplicated in the spread

of salmonellae (b7). rt has been reporüed that 5 to 9q,
of all beef, veal, and mutton shÍpped from several

countries was contaminated *itl Sal_monellae (tO8¡.

Frozen meats, inüended for pet food ?Jere consistentry
contaminated with Salmonellae (28, 36, t+6'l . The d.egree

of contamination varied widery from o to Loo/, and was

attributed to severar factors including seasonal vari-
atÍons and the effect of the indlvidual kilring and

packing establishments .

ïï. Poultry

Domestic fowl, iü ís believed, is the greatest

reservoir of all Salmonella serotypes. Studies by

Hinshaw et aI, (44) have shown that 4f.L/, of üurkeys

sraughtered in 1948 Ìrere contaminated with saLmonellae.
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SimÍlarly, dressed poultry also has been implicaüed

as a reservoir of gal-m.onellae (1I, 30) Henshaw and.

McNelL (lrl+) stated that t'56 of the 60 SaJmonella

types and varj.eties isolated frorn birds have arso been

the cause of illness Ín man.rt [J.S. Public Health

service reports showed that during the fírst nine months

of 1967, 20 outbreaks of salmonellosis vüere reported,.

0f thls number nine ïrere traeed directly to turkeys, (6il,.
GaÌton et al- (30) in his study of IZ9 chlckens and

turkeys found positive salmonellae cultures in all of
the 872 sarnples that he took.

ïfI. Eggs and Ese Prod,ucts

Egg and egg products have been implÍcated in a

nunber of studies as a vehicle for the spread, of
salnoneLlosis (62, 69, T3, ll7). Two possible method,s

of contamination of eggs have been srrggested; ovarian

infection or penetration of the egg shell by the

organisms. Stokes et al (fOO) in tr:rn observed that
if penetration of the shell did oecur, the tenperature
had to be in excess of LO"C. In support of this
statement Rizk et al (86) in studies with inoculated
hen eggs concluded that the higher the temperature, the
higher the number of salmoneLlae on the outer surface
of the shell, and consequently the greater the number

of salmonellae peneürating the sheLl. 0n the other hand
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at 2oc there vJas a decrease of salmonellae on the surface

of the shell and, therefore, fewer SalmoneLl-ae penetrat-

ing it.
In the case of processed egg products it has been

reported (97) that Salmonellae gain entrance to the

products by way of contaminated egg shells. Therefore,

according to Solowey eÈ aI (971 only carefully cleaned

eggs should be used in processing plants. Furthermore

Edwards (2OI suggested that as Ìong as cracked and

soiled eggs are used in the manufacture of dried and

frozen egg products a higher íncidence of Salnoneflae

can be expected to be present in these products.

Two outbreaks that were directly traced to eggs

and egg products occurred in 1966 (751. These

outbreaks involved the use of imitation eream to fill
cakes in bakeries. It was discovered that the cream

had been prepared from frozen egg.white imported frorn China which
was grossly contaminaüed with Saf,mone4ae ÞâIaüyphi.

Further investigation shoï¡ed that the hands of the

baking staff were also contaminated.

D. Thg Impqrtance of Powdered Egg Product in the

Transnis sion of:Sg]¡no4ellosis

The presence of salmonellae in powdered egg products

has been reported by several invesüigators (96, lO7 t

109). ft has also been observed that in most cases
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unless gross contamination had occurred before drying

Èhe numbers of SalnonglLae encountered are not usually
large (31+). Normal1y, it has been found that the

danger of salmoneLlosis arlses onry after reconstitutÍon
of the powdered product, due to the multiplication
of the small numbers of SalmonelLae present Íf the
product was contaminated. One outstanding exanple of
this involved a four and a half year old child who

became severely iIl after consuming one teaspoonful of
reconstituted egg yolk powder. It was found that the
product was extensively contaminated wÍth s. montevÍdeo.

The presenee of such an organisn is surprising since
this product hras requ:ired to pass what were thought to
be reliable controL tests in the bacteriologÍcal
control laboratory of the Company. Spray-drying of
such liquid egg cannot, then, be ¡elied on to effectively
eliminate the organism (4).

In England, 9.9% of over ZOO0 samples of spray-

dried egg powder imported from the united sbates were

contaminated with Salmonella organÍsms (91). Subsequent

use of such powder by confectioners and bakers resulted
in a number of saLmonella outbreaks. This was attributed
to an absence of high-enough thermar temperatures during
processing. Also strains isolated from such outbreaks

were new to Great Britain (9t¡. The United States A¡my

conducted studies on 32 lots of powd.ered whole egg, (92),
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of these, 3.I8/o hlere positlve for Salmonel-lae. Five
serotypes vJere isolated: s. oranienberg, s. tegnessee,
g. gregorrr Ê" montevideo and S. pullorum. E:rcluding
g. pullorum, of 901 samples of high quality powder,

0.67% were positive for Salmone1lae. Also, of 797 lots
processed with the aid of both a preheater and multi-
stage units, salmonella organisms urere ísolated from

13 or I "63% of the saruples. Without the preheater,

of 104 lots there were r8.z?/' positive Ísolations.
A number of other reports of salmonerlosis ouÈbreaks

related to powdered egg products have also been noted
(109).

ï. The 0cculrence of Salmonellae in_powdeJ,ed EEg

Pr.oducts

Ii{any workers have isolated numerous salmonella

serotypes from powdered egg products (3, 7, t+51 .

Schneider (92) ísolated Salmonellae in over 3/, of
901 egg powds¡ s¡mples¡ while Ín another study, Zg%

ôf l+00 samples of powdered whore egg !ìrere observed to
be contaminated with Salmonellae (33), A third study
found 5% of 5O7 sanples of powdered whole egg positive
for salmonellae (66). Gibbons and Moore (3t+) isolated.
nine different serotypes from powdered whole egg. These

included S. þareilly, g. pullo¡um, S. oranienburg,
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S. lyphinqrlum, S. lhompson, S. ¡Linnesota, S, 4egport,

S, manhatten, and !. potsdam. The number of Sa_hngne_l1a

organisms found, however, was smaIl, the highest

recorded count belng 5[ organísms per gram of product.

ïL The,Effect o_f the Drvíng Process_and gtgrage of

Süudies using whole egg have shown that it rqas

possible to reduce the dÍrect microscopic counts in
both experimental and comnercial liquid egg baüters

by 63./ and 88.I% respectively as a result of drying (6).
Idicroscopic counüs ín excess of 10 mirlion organisms

per gram were not encountered unless the liquid egg !üas

extensively abused prior to dehydratíon (6). AIso, íf
the powder was produced from highJ.y contamÍnated, eggs,

rancidity develops sooner in powdered egg yolks and

powdered whole egg due to the presence of the large
number of organisns. This will resulü in a low quarity
product (18). During processing it has been demonst-

rated that pH has a definite effect on the salmonelra

organismts resistance to pasüer:rizÍng temperatures (13).

The lower the pH, the less resistance are the organisms

to the pasteuri zing temperature before drying is carried
out.

rt has been sho¡"in that storage temperature variations
do noü produce an increase in bacteriar popurations, in

the Bacterial P tion Pre
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dehydrated food (32 , 40, 62'l , Moreoverr âs storage

time and temperature are increased, a marked. decrease

fn ühe bacterial count occurs. De Bord, (fe¡ supports

this finding. rn addition he found that the higher
the contamination in ühe eggs prior to drying, the
higher the count in the dried product. But the numbers

in the dried product did not increase because there
was not enough available water in the dehydrated prod,uct,

to support bacterial growth" Gibbons and, Fulton (3jl
arrived at a simllar conclusion"

Bunwart and Ayres (13) achieved consíderable success

in destroying g. _oranienburE, s. senftenberg and, !. pullorum,

by holding powd,ered egg ar-bumen at elevated. temperatures

of 50, 6o or ?o"c. Furthermore, there was no impairrnent

of functional properties of the products herd at these

temperatures. .

Other investigations, (tB, 27, 35, 101) have shown

that the kinds of and nr¡mbers of bacteria found in dried
egg powder are largeJ-y deterrmined by the following factors:
(1) the number and the kind of the bacteria found in the
lÍquid whole eggr (zl the temperature to which the bacteria
are subjected, while being processed and then stored,
ßl lysozyme activity , (t ) ¡vheüher or not the eggs are
pasteurÍzed before they are broken out, (j) eveness and

method of drylng and finally (6) the amount of moisture
in the finished product.
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E. Thg Effect of Lmadiagign on S-algonella.e in Foods

I. The General Effects of Ïrradiaticn on Bacteria

Early investigators using iradiation as a means

to destroy bacüeria often employed X-rays as the

irradiation source (391. The met,hods of application
employed were crude by todayts standards. The percent

survÍval of bacteria in the samples was determíned

by microcolony growEh. The survival percentage was

normally determined by means of an exponential

function of the dosage employed,.

Fran et al (25t. used X-rays in his studíes with

E. coli, {. AeroEenes, S. aureus, g. Inelggrglg,

E. aeEqgigo-ge, g. fluoreseens. They found that the

rate of destruction followed a firsü-order reaction
and that S. aureus was found to be most radiation
resistant among the species exanined. They conclud.ed

that the percentage of organisns killed was the same

regardless of initial concentration.

DurÍng the 195ors many of the irradiation inves-
tigations were caruied out using cathode rays (10, 63, 82).

Proctor eü al (82l-, in three experiments with spices,

found that I.33 x tO6 reps was sufficient to destroy
alI or most of the micro-organisms present in the

spices. Similar success was aütained when eggs were

sterilized using 500r000 reps transmitted by cathode

rays (63). the eggs were previously inoculated with
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101000 cells of E. coli, l. fluore_scens, and !. eureus.
However, one problem was a reduction of egg quality.
Grade A eggs were ímnediately reduced to Grade B or
Grade C by sterilizatÍon v¡iüh cathod,e rays.

Brogle et al (10) using cathode rays found, that
there was little difference in the resistance of
Salmonel-lae to irradiaÈion. He reported, that the
atmospheres of air, oxygen and nitrogen had no effect
on the organismls resistance.

rn recent investigations, the destruction of micro-
organisms by ionÍzing irradiation has been achleved by

employing gamma rays as the source of radiation (80, 1r3)"
considerable success has been achieved using garuna rays

in extendÍng the sherf life of fish prod,ucts (78, 80, 113).

RonsÍval-li and slaom (82) observed. that properry stored.

fishery products courd be held for at least one month

after gaÍlnßa irradiaüion treatment and still be acceptable
for consumptlon. rn the same study it was found that
o.25 lvlrads of irradiation was capable of destroying gg%

of the microflora in haddock fi1lebs.
ïn other areas, it has been observed. that 1ow dose

cobalt 60 irradiation of tray-packed, cut-up fryer
chickens, suppressed surface bacterial gror.rth during
refrigerated storage (691. Oüher studies have shown

that it Ís possible to use ionizing imadiation as a
means of bacterial destruction in many types of foods
( 8, Ib t t+I, 59) .
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ïI. The Effe_ct of frradlation on Så]-monellae in Egg

and Egs Products

Ivlossel (7I), in studies with S, typhimuriug and

€. senftenb.erg recorded a six-decimal red.uction of both

organisms when subjected to z x ro5 rads of ionizing
imadiation and a nine-decimar reduction at slightly
more than 5 x lo5 rads. Further, he observed. that the
od,our and functional properüies of the whole eggs !{ere

impaired at dose levels above lo4 rads. Brogle et al
(10), using liquid egg albluoen inoculated v^¡iüh S.

typhÍmurium and S. senftenberg, obtained a 107 reduction
in the number of each organism vsith dosages of 0.J lrlrads

and o.23 }frads respectively" rn another study, proctor

et al (sl) found that the lever.s of Írradiation required
to destroy different types of sal:¡onellae in whore egg

melange varied considerably with the particular serotype.
off flavours vJere also noted when scrambled eggs were

prepared from this liquid egg melange but disappeared

to a large extent when the egg melange was dried prior
fo cooking.

comer et aL (1ó) conducted. extensive studies with
18 serotypes of Qprmonellae in frozen whole egg. A wide

range of irradiation levels were required to produce a
710' fold reduction in the different serotypes. An

iruadiation lever of 0.35 Mrads was required to reduce

!. senftenberg by a lo7. Itlhile the most irradlation
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resistant organism, €. give, required a dosage of O.5b

Mrads plus or minus a.o? Mrads. variation in sensitivity
to iradiatj-on was also detected in 3 culturs of Ê.
pullorum which were identical with the exception of
their origin. rt was concruded that this variaüion in
sensitivity r+ithin all species of safmonellae makes it
impossible to state that any one speeies is most

resistant.
ït has been observed (9) that dried egg albumen

produced greater protectÍon for salmonellae than either
liquid or frozen egg alburnen. Studies (10) using

Ê. tvphimurium and !. senftenberg inoeulated inËo dried
egg albumen indicated that 7OOr000 rep and l-rOOOr0OO rep,
respectively, lÁrere required to prod.uce a lo7 rol¿ red,uction

as opposed to 3001000 and Z3Or000 respectively with
liquld egg albumen and 2601000 and r5oro0o, respectively
with frozen egg albumen. As previously mentioned.

Proctor et aI (81) had consid,erable success in eriminating
salnone-Ilae by irradiating whole egg merange prior to
drying. Brogle et al (ro¡, also working with s. tvphimgrium

and S. senftenÞerg, found. that a IO7 fold red.uction

could be achieved in egg york solids by subjecting the

samples üo 6501000 rep and in whole egg solid at 45Or00O

rep. No attempt was made to dete¡"mi.ne the difference in
resistance of the two organisms.
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F. I[edia Used to fso-lat,e and Identify -safmone]Iae

f . Pre-enrichment l,fedia

A great varíety of pre-enrichment media have been

used by various investigators to isolate Sal!.lonel_1ae

from food products. The importance of pre-enrichment

in isolating Salrnonel]ae from large nunbers of gram

negative rods in dried foods has been reported by Taylor
and Silliker (fO3¡, and Taylor et aI (105). Jameson (51)

working with dríed eggs observed that considerably higher
counts could be obtained i,uhen nutrient broth was used

as a pre-enrichment. BJ'rne et aI (I2) reported t,hat

higher levels of Sal-monellae coul-d be obtained from

inactivated dry yeast if the yeast was first incubated

ror 2l+ hours at 3o"c príor to transfer Ínto a selective
enrich¡lent media.

ïï. Enrichment lledia

Numerous studies har¡e been cond.ucted to determine

thenosteffectiveenrichmentmediatorecover.@.Ife.9.
from egg products. Silliker et a1 (95) found that
selenite containíng rflo sterile feces produced a better
recovery of small nu¡nber of dormant salmonerl_ae from egg

products, than if the eggs were first pre-enriched in
l-actose broth and inoculated into ser-enite broth.
Itrhereas, Taylor et aI (ro3¡ in their investigations of
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Salmonellae in dried egg albumen recovered a higher
number of organisms when the enrichment media was

selenite cystine rather than selenite brilliant
green sulfapyridine. Byrne et al (12) supported, these

findings, and reported that sel-enite F containing cysüine

was superior to both seLenite F broth and, also tetraühionate
broÈh "

ïfI. Selective Plgting Medig

Many different types of selective plating media have

been used in a nunber of studies to identify salmonelrae.
The most conrmonly used types included the folrowing:
brÍl1iant green agar (56), salmonelLa shigella agar (5s)

bísmuth sulfite agar (118, 119) and brilliant green sulfa
agar (3I).

G. The Effecü ol Lyophilizaülon on Bactgria

ïn early studies with lyophilized bacterial culüures,
it was observed that the percentage of organisms surviving,
varied wÍdely with the strain used, (84). A welL defined
rerationship was arso observed, beüween the concentration of
the organisms Ín the suspension before drying, and the
percentage of survivors recovered after reconstituting
the dried product"In general, the rirorê dílute the suspensíon,

the lovrer. the percentage of organisms surviving. The higher
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survlval rate was attributed to the amount of material
present in the medirun thus provlding the organism considerable
protection. several other studies have also examined

extensively the survival rates of many bacterial genera by

lyophilization (83, 98). Fry and Greaves QA¡ conducted a

detailed examinaüion of lyophilizatÍon using paracolon

bacill-us rrD zou+n. They observed that suspending fluids of
nutrient broth or nutrient ge]-atin gave a moderate survj-val_

raÈe. various other protein solutions, although they
produced good survival immediately after dryÍng exhibited
a large reduction in survival as the storage time was

lengthened" The addition of glucose and lactose in con-

centrations of 5 to ro/, produced a greably Íncreased

survival rate both, irunediate].y after drying and after
storage. ÂIso very young cultures were far more sensitÍve
to drying than oLder cultures. However the bacteria
surviving the initial dryíng were not more resistant to
subsequent drying. Finally as the celr concentration was

increased the level of survival increased,.

Hutton et al (¡o) demonstrated that the temperaËure of
the frozen sampres of the bacterial curture was extremery

crltical and was in turn associated with the salt eontent
of the sample. A correration was shown between the degree

of dryness and the viabLe recovery after dryfng. storage
at room temperature was shown to infruence the dryness of
the lyophilized samples.
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H. The Effect of Temperature -on Saþonellae Being Irradiat,ed

Considerable data has been reported on the effectiveness

of ionizing energy followed by subjection of bacteria to
thermal energy, (5tr,55r 70)"

Some studies have been conducted on the effect of
temperature durÍng irradiation fn the destruction of micro-
organisms. Most of these studies were conducted over a
wide temperature range. LicardelLo (60) dÍd show that
radiosensitivÍty of g. typhimgrium increased as a function
of Írradiation temperaüure from 32 t,o 130oF. Also

simultaneous apprication of temperature and irradiation
produced a significantly greater destructive effecü, than

when each was applied individual-ly.
Other work with bacteriophage showed that radio-

sensitivity of the phage was markedly increased at
irradiation temperatures above 113oF (2). A simiLar

conclusion was reached in work with Saccharomyces cerevÍsiae
(120) " Even when enzymes were used a similar temperature

level of 113oF was achieved (9,l*).
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SCOPE 0F INVESTIGATIOI'I

This investigation was initiated primarily to deterrnine

the effect of ganma irradiaËion on seleetad species of
Sal$onella when incorporated fnto egg powders.

SpecÍfica11y, the following areas Ì¡ere investigated:-
I, The development of a method to íncorporate

Salmonella species into various powdered egg products.

2, The deternrination of the level of gamma j.radiaüion

required to produce a sterile powdered egg product.

3 " To determine the relationship beüween the age of the

sal¡nonellg cultures and the iryadiation resistance

of the organi.sms when incorporated. into powdered egg

products

4. The deterninatÍon of the dosage of gamma ircadiation
required to achÍeve a 108 reductíon in ühe number of
Safrnonellg organi.sms in powdered egg products.
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MATERTALS ANP METHODS

A, Source of the Powdered EgF P_rodgcts

Powdered egg yolk, powdered egg arbumen and powdered

whole egg for this investigation, were obtaÍned, in two-
pound quantities fron The Borden Company, Limited,
Winnipeg, Manitoba. Tkre egg powders were packed Ín
clean plastic bags and transported from the plant to
the laboratory. This supplier was chosen because its
egg products were of high quality.

B. Media and Substrates Used

Nutrient broth containing r/'peptone was used. The

nutrlent broth is a good basic growth media. However, the
peptone enhances its growth properties, producÍng more rapid
growth of the Salmone1la species (16, 72).

standard plate count agar (Èryptone glucose yeast agar)
was used as the sorid growth media in the Roux bottres and,

as the finar plating media. This media is consid,ered to
be the best type for the growbh of a wide range of different
types of organisms, since it has an idear supply of growth

nutrients. This media could be used in this study, because

no isolation of the sarmonglra specj.es from other types of
organisms was necessary.

Triple sugar iron agar was used as a confirmation
rnedia in a small nu¡nber of the final counts. rts use Ìras

necessary because the possibility existed that some low
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counts on the tryptone glucose yeast agar may have contained

non-saLmonel-Ia organÍsms due to contamÍnation during plating.
This agar is recornmended by the Canadian Food and Drug

Directorate for the identification of SalmoneÀlae. The

identification here is based on biochemieal testing. A

nu.nber of researchers have been responsible for Íts
development and use (57, 88, 102).

C. Salmonella Cultureg Use-d

Six Salmonella serotypes were used in this investigation:

E. give, å. hêidelberg, S. enteritidÍ_s, S, worthington,
g. tvphimurí_um and S. senf_tenberg (775W). All of the

serotypes were obtained from the Anerican Type Culture

colleetion, !{ashington, D. c. These serotypes were selected

for their varying degrees of resistance to iryadiation as

reported by Comer et al (16) in their studies with frozen

whole egg melange.

Lyophilized cultures obtained from the American Type

culture collection were inoculated aseptically into 10 mls.

of nutrient broth conüainÍng I/, w/vt of peptone. The inoculated

broth was incubated at 37"Q for 2l+ hours. After incubation,

one loopful of broth was spread over the surface of a

tryptone glucose yeast agar slant. The slant was incubated

at 37"c ror 2l+ hours. At the end of incubatlon the sl-ant was

placed under refrigeration at l-ess than 50oF until_ ready

for use. The culËures were üransfemed onto new tryptone
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glucose yeast agar slants every l0 days.

D. frradíation Apparetus

The apparatus used in this study was a Gammacell model

22o containÍng cobalt 60 as ühe irradiatÍon source. The

unit is a self-contained irradiation facility, produced by

the commerciar Products Division of Atomic Energy of canada

Ltd. The imadiation chamber is 6n Ín diameter and I t/8"
Ín helghü. cobalt 60 has a hatf-Life of 5.3 years with
an energy leveJ- of l"17 and r.33 Mev and a penetration
ability of llo cm, 1f the material is irradiated fron both

sides (gf - BisÍ 1968). The original dose-rate of the
unit when installed was 1.6 Mrads. per hour and decreased

about r% per month. As a result, exposure time of the
sanples was programmed to correcü for decrease in radio-
activity.

E. Lvophllization Apparatus

rn order that the test cultures of saþonella organisms

would more closely duplicate those types that are encountered

in powdered egg products, lyophilized lalmonella eultures
were used in this study.

A 'tvirtislr Freeze Dryer, model 10-1&6 llpRA, was used.

in the lyophilization of all- sarmonella cultures used Ín
this study. The batch chamber was used for lyophilizatíon
in place of the shell freezing attachment because of the
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difficul-ty encountered in naintaining an uncontaminaüed

culture with the shell freezing frasks. rt was not neces-

sary to sear the cultures with nitrogen as they were used

almost immediately after lyophilization had been concluded.

F. Preparation of Iltoculum

One loopfuJ- of the specific salmonell-a species being

investigated was removed frorn a tryptone glueose yeast

agar slant and inoculated into l0 mls. of nutrÍent broth

containing one percent /w of pepüone. The inocurated

broth was incubated for 18 hours at 37ac. Afüer incubation,
the 10 mls. of broth.vras spread over the surface of ca.

300 mls. of tryptone glucose yeast agar in a Roux bottle.
Excess broth was removed and the Roux bottles were incubated

at 37"c for at leasü Jó hours, At the end of the íncubation
period, surface growbh was washed off with 20 mrs. of l/o

/w pepüone water in two washings of r0 mIs. each. The

cell suspension was centrifuged at 20 gs in a tSorvallr,
nodel GLO-I centrifuge for twenty minutes. The supernatant
peptone sol-ution was decanted off; and the cells washed,

once with 10 mls. of one percent peptone water. The cells
were re-suspended in 10 mls. of peptone water into which was

mixed. 2. J grams of powd,ered whole egg. This mixtr.rre was

transferred to a 500 ml. erlenmeyer frask. The flask was

immersed into liquid nÍ.trogen (195"c) and the contenbs

frozen in a thin layer over the inner surface of the fl,ask.
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Lyophilization of the flask contents was then inÍtiated
in the ttvÍrtistr freeze dryer. The time requi-red. for
lyophilization varied between 9.5 and 11 hours.

G. combigation_of rnoculum with the powdered Egg product

using a fong handled spatula, the lyophilized cuLture
in the flask was dispersed aseptically into a fine
homogenous powder, and mixed into:

(a) 10 gram samples of sterile powdered egg albumen

containing IO/, w/w of calcium phosphater ân

anti-caking agenü,

(b) 10 gram sampLes of sterÍl-e powdered, whole egg

contaÍning 3A% w/w of calclum phosphate,

(c ) 10 gram samples of sterile powd,ered egg yolk
containíne 3O% w/w oî calcium phosphaüe.

The resulting mixbure of sanpres each contained, between
doI x 10' and 1 x ro7 salmonella organisms per gran of

sample" This combÍnation was then mixed, in the rrFisher

KendaLLtt mixer at a constant speed of 5? rpm for 20 minutes.

H. fmaÈiaüion Pro cedgrg

Eight one-gram samples were removed from t,he nixed,

inocurated powdered egg products and praced aseptically
into sterile test tubes. Next, the samples were pJ_aced in
the Gammacell 22o and irradiated at levels of o.oJ, o.l,
0.2, O.3, O.l+r 0.5 and 0.6 Mrads respectively. The
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irradiation was done in an air aùmosphere and at a

temperature of 35 50"C.

f . Enumer_ation

The numbers of Salmonell-a organisms surviving after
irradiation was deternlined by the pour pJ-ate method. This

method consÍsted of plating suitably prepared dÍlutions of
the Íradiated powdered egg products on tryptone glucose

yeast agar and incubated at 37"C for l+8 hours, before

counting. Thj.s method was selected because it made possible

reproduction of consistent results.

J. Distribution Studies-

The purpose of these studies was to ascertain whether

or noü proper mixing of the organÍsms could be achÍeved by

the method selected. This was of considerable ímportance

since proper distrubution of the SalmonelLa organisms in
the powdered egg products was essentiaL to obtain reprod-
uctible results.

ï. Determination oI the Natural llicrofrora in Powdered

Egg Products

Ten grarns of powdered egg product was combined with
IO'/' w/w of calcium phosphate in the case of powdered

egg arbunen; and with 30% ay weight of calcium phosphate
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ln the case of powdered whol_e egg and powdered egg yolk.
The calciu¡r phosphate acted, in this case, âs an anti-
caking agent. This material was then mixed for 10

minutes in the nFisher Kendalltl mixer, rotating at a

constant speed or 57 rpm. Eight one gran samples v,¡ere

removed and after proper dilutions had been prepared in
phosphate buffer, pH 7.2, the dilutions were plated on

tryptone glucose yeast agar and inoculated at 37"C

for le8 hours, The counts at the end of this time were

recorded.

ïf. Thg fnoeulati_on of Liquid Cuftures fnt.o Eo-wllered

EEg Broducts

Ten grams of a powdered egg product was combined with
calcium phosphate for the same pÌrrpose and Ín amounËs

identical to those in (f). This materíal was mixed in the
ttFisher Kend,alltt mixer for 10 minutes. The container of
Powder was then placed in a Labconco isolation chamber,

moder 8611 which had been sterilized previously by ultra-
violet llght for 30 minutes. The container wlth the
powdered egg product was wiped with 95% eLhanol and

opened aseptically. The contents of the jar were spread

evenly over a I.5 square foot piece of sterile paper.

six mls. of a 30 hour liquid salmogerla culture, suspended

in a phosphate buffer, was sprayed on the mixed powder in
a manner which produced even distribution of the culÈure
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throughout the powder. The Ínocul_ated powder was then

placed aseptícally back into the origínal container and

from this seven one-gram portions were renoved, and

suitabl-e dil-utions v,rere prepared in phosphate-buffered

water, pH 7,2. The dil-utions were then plated on tryptone
glucose yeast agar using the pour plate method and incubated

at 37"c for 48 hours. The counts were recorded at the end

of this tinie.

ïïr. Ihe rn_oçul.ation_of Lvo-p-hilized cul-turee inlo powdered

Egg Producbs

Each test culture was suspended in síx ml_s . of lfl,
reconstituted whoLe egg powder and the mixture was

l)'ophilized in the rlvirtistl freeze dryer. Lyophirization
tÍme varied between 9.5 and 1l- hours depending on the

particular salmonel-la organism and the presence of other

sarnples in the freeze dryer. The fl'ophilized culture was

added to 10 grams of egg powder plus IO/" by weight of
cal-cium phosphate. This combination was rnixed in the
rrFisher Kenda]ltt mixer for l-0 minutes. The inoculated
powder was then divíded Ínto seven one-gram portions and

suita.bl-e dilutions were prepared in phosphate buffer pH T.z.
The dilutions r{ere pì-ated on tryptone grucose yeast agar

and inoculated at 37"c for l+8 hours. The counts vrere

recorded at bhe end of this time.
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K. Determínatíon of sterilitv of powdered. Egg products

The object of this section of the preliminary Ínvestiga-
tion was to determine at what level of irradiation steriLe
egg powders could be obtained. The method used, was that
as set down in the British pharmacopoeía for the determina-
tion of sterility Ín powdered samples.

Fifteen-gram samples of powdered. whole eggr powdered

egg yo1k, and powdered egg albumen were mixed with the
suítable levels of calcium phosphate in the rtFisher Kendallrl
mixer for 15 minutes after which the sampres were irradiated
at 0r o"5t 1.0, 1"5 and 3.0 Mrads respectively. one-gram

sampres were removed and add,ed to 10 ml . of nutrient broth.
The inoculated broth was incubated for one week at 37"c.
Evidenee of growbh was checked at the end of the incubatÍon
period by plating the 10 mrs. of inoculated nutrient broth
in one mI. aIíquots on trypüone glucose yeasË agar and

incubated at 37"c for 48 hours, The plates were exarnineo
' for growUh at the end. of this time period.

L. A ltlethod for_EstimqtÍne the Number ol Lvophilized
salmonellae Being fngorporated into thg Egg powders

The method used was simirar to that used, by Gunter
aL (39) and þker et al (19). Changes in the merhod,s

were necessary to suit the specific purposes of this
investigation.

et
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One loopful each of Salponella tIphimuriu¡n and Ëslmo-le.fla,
pullorum was removed from a tryptone glucose yeast agar slant
and inoculated into 10 mls. of nutrient broth contaÍning
r% or peptone. The inoculated broth was incubated for
18 hours at 37"c. After incubation, the 10 mIs. of broth
was spread over the surface of ca. 300 m1s. of tryptone
glucose yeast agar in a Roux bottle. Excess broth v,¡as

removed and the Ror:.rc bottle was incubated at 37"C for
at least 36 hours. At the end of ühe incubatíon period,
surface growbh was washed off with 20 ml_s. of O.ïj%

saline Ín two washings of 10 mIs. each. The cell suspension

vuas centrifuged at ca 20 gs in a ttsorval-lir centrifuge,
model GLc-l, for lJ minutes. The supernatant saline
soluti-on was decanted off and the cells washed tr¡ice
more with o.85% saline. the cells were ühen re-suspended

in 20 mls. of pH 7.2, phosphate buffered solution.
Appropriate cell suspensions were prepared with phosphate

buffer, pll 7.2, so that a reading of b5% plus or minus one

/o transmittance at 575 nu vùas record.ed on a spectronic zo

spectrophotometer. Then, 20 m1s. of a dilution identical
to that which gave þJ/o prus or minus r/o transmittance at
575 mu was prepared. From this d.ilution, a one ml.
aliquot vùas removed, praüed on tryptone glucose yeast agar

and incubated at 37"c for 48 hours. The remaining L9 m1s.

of solution vùere combined with two grams of whole egg



39

powder and lyophilized in the |tVirtisrt Freeze dryer

for l-O hours. This sample was reconstituted. with 19

mls. of phosphate - buffered water pH 7.2. Then a

one ml. aliquot of the reconstituted sarnple v{as removed,

plated on tryptone glucose yeast agar and incubated at

37"c for l+8 hours. counts were recorded at the end, of
the incubatíon period"

counts before and after lyophilizaüion hrere prepared

and the percent survival was cal_culated.

M. The RelatiogshiËr Be_tween the Age_of cultureg and

the ïrradÍatlolResistance of the Organism

This study was iniüiated to deterurine if the age of
the culture makes any dÍfference in the irradiation re-
sistance of the salmonella cultures. rf it d.oes, ühen

the age of the culture with greatest irradiation resistance
would be chosen for use in this study.

Three cultures of Salmone]la give, grown at 37"C

for 18, 2t+ and 36 hours, respectively, lvere harvested

by the method previously described in (c) except that
the two washíngs with o.85/" sarine were omitted. Dilutions
were then prepared which gave a t+5/, plus or minus I/,
transmlttance at 575 nu on the Spectronic ZO

spectrophotometer. From these dir-uüions Ít was possible

to prepare samples of whole egg powder contaj_ning

approximately 1 x 109 lyophilized sal¡ons.f-Ig eive cells
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per gram of powder. One-gram samples were removed and

subjected to irradiation leve1s of 0, 0.06, O.3, and O.J

Mrads in the first set of trials and 0, 0.03, 0.06, 0.1 , O.Z,

O.3, O,5t and 0.6 lvbrads in ühe second set of trials.
The number of salmonella give organisms survivÍng at each

lever in both sets of trials were detemined by preparing
suitable dllutions in phosphate buffered water, pH T.Z,
plating these dÍlutions on tryptone glucose yeast agar,
incubating at 37"c for dB hours and. recordíng the counts

at the end of this time.
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RESTTLTS

A.

I"
Prel-iminarv fnve_stigatíons

Distribut:þ4 gtudies of the Natural- Microflora in
P owdgred_Egs Pr_odult s

The data presented in Table 2 indicated that the

natural- microflora of different samples of powdered egg

yolk, whole egg and egg albumen, were rather uniformly
dístributed by the mixing technique employed. Some

variation in counts urere encountered but a statistical
anaÌysis by the ANOVA Log transformation technique

indicated that the varíation noted wíthin each sample

and between sampl-es was not significant. The difference
in counts coul-d be attributed to chance rather than a

real dífference. rn general, the average total count in
egg yolk varied between 53oo and 2300 colonies per gram.

ror whole egg r the total count varied betl,¡een 53oo and 68o0

colonies per gran, vrhereas the counts in egg albumen

varied between 7600 and 69000 colonÍes per gram.

rr. rncorporation of the Iest organisms rnto_Egg_p.owders

by Atomlzation

Table 3 presents the results of inoculating saÌmoneLl-a

pullorum and salmonel-l-a lylhirnræ::m into dried egg powders

by the atomization technique described previously. A

total of three trials were conducted on each species. The

resul-ts reveal-ed that it was possible to incorporate the
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TABLE 2

Distribution of the

Microflora ín Powdered

Natural

Egg Products

Egg YoIk ltlhole Egg
counts/grarn

Egg Albumen
Tría1

I
2

3

l+

5

728r

5329

591+l+

546L

6063

5300

6369

6880

60r3

5t+I3

69,325

7 ,600

See appendix tables 2 and
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TABrE 3

Disüribution of SAlnonellq tvphimurium

and Satunone-lla puÀlorum Liquid

Cultures After Theír AddÍtion by

Atomization to Powdered Egg Products

Egg Yolk VÍho1e Egg
Counts/gram

Egg Albumen
TriaL

1

2

3

3.r3 x
1.28 x

1.91 x

l+.86 x tOB

7,o5 x tOB

?.03 x 107

g. pulloru4

ro8 z,6e x

109 9.1+2 x

ro7 z,Lt+ x

!. tYPhimurium

3,52 x 107

3.72 x 108

8,6t+ x 107

6.tþ5 x to7

!.26 x 108

6.12 x to7

1.15

6 .1+6

106

rc7

r07

108

rc?

1

2

3

x

x
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TABTE /+

Distribution of Salmonellq tvphigrurium

and Salmone]]-a pr¡Llorum

Lyophilized Cultures in Powdered

Egg Products

Egg Yolk lrrhole Egg Egg AlbumenTrial Counts/gram

å" pulloru¡n

1 1.48 x ro7 L.7T x lo5 r"zj x 106

z h.55 x 106 z.gj x 106 l.Bo x ro7

3 l+,Ig x 106 j.33 x lo6

g. tvphimurir¡rn

r l.?5x106 6.ItBxlo[ 8.77x106
2 8.21 x lo5 j .7 t+ x 106 5 .go x to7

3 j ,32 x lo6 8.72 x lo6

(See appendix tables ?, I and 9)
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liquid salmonella cultures into powdered egg products,

by this method and to obtain a certain degree of uniformity.
There was no statistical difference in the salmonel-l-a

counts when different samples were removed and plated.
Although atomization appeared to offer a method by

which cultures míght be incorporated in egg powders,

difr'iculties were encountered. First it was not possible
fo accurately control the number of organisms beÍng added.

secondly the method was very awkward and. crrnbersome to
vrork with. In addition the moisture content of the dífferent
powders were difficult to control, consequently, this
method r.Jas discontinued.

ïff . Addition of LVophilized Cultures of Salmonel_Iae_

ïnto Powdered Egg Products

ïn order to test the feasibÍl-ity of incorporating
lyophilized cnltures into powd,ered. egg products, S.

pu]lorum and !. tvphimurium were sel-ected. as test
organisnns. The data presented in TabLe & indicated
that the technique employed appeared to be acceptabJ_e.

Rather uniform distribution of the two test curtures in
the different products were obtained. Although variation
in counts vrere encountered wiÈhin replicates Ín the different
Èrials for all three products, statistical analysis of
the data reveal-ed that, these variatÍons were not significant.
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Since thÍs procedure of incorporatÍng Salmonellg test
organisms into powdered egg produets was judged to be more

convenient and effective than the atomization method,

the technique was adopted for all subsequent experÍnents.

The data presented in Tables 5 and 6, indicated that
there urere differences ín the number of survÍvals following

l)'ophilization between S. pullorum and S. typhigurÍum.

The average nurnber of s. pullorum surviving lyophilization
in whole egg powder Ì{as 6.117% and the average number for
S. typhimurium was Ilþ.2I/"" Furthermore, larger variations
in the percentage survivaL after lyophilízatíon were

encountered with $. typhiguriuri than with S. puLlorum.

Such variation within serotypes and differences
between serotypes in sensÍÈivity to lyophilization prod.uced

some difficulty in obtaÍníng suitably high numbers of
viable cells in J.yophilized cul-tures of g. enteritki_is
and !. worthíngton in subsequent studies. A one 1og

reduction þras encountered when these cultures were lyophilized
for the same period of time as the other serotypes.

However, this probrem was corrected by reducing lyophilization
üime from 11 hours to 9! hours.
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TABLE 5

Survival of -$g,þto¡g]þ puÌIorum

After Lyophilization in Whole Egg Powder

S. pullorum
Tríal Before Lyophilizffi-After

counts/gram
(I¡ril-líons )

Lyophilization /, Survival

1

2

3

4

5

6

625

7j-5

660

610

685

700

32

33

lþ5

50

55

l+3

5.Ol',

4.6/-,,

6,82

8.11

8.03

6.r4

Average 686 l+3 6.1+7
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TABLE 6

Survival of Sal-rnq¡ella tvphimurium

Fol-lowing LyophÍlization 1n

it/hole Egg Powder

rriat Berore i,yopnirÊ;"t#*iiËÈ#
counts/gram
(wtittions )

Lyophilization % Survival

1

2

3

4

5

6

7

I
o

910

l+5O

h9o

43o

3t+O

960

9t5

905

835

55

lOl+

60

57

41

70

t29

130

l.29

6.o4

23 .rl
12.2b

13 " 14.

11.91

7.21+

l/+.04

Ih.3I
15.l+5

Average 693 86 r4.zt
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fV. A Comparison_of Age .of the Culture and t_he Radiation

Resistance of tþe Orggnism

Since the main objectíve of this investígation was to

destroy Salmonella organisms in powdered egg products by

garuna iffadiation, it v\¡as deemed necessary to eval_uate

the effect of age of the cultu.res and thej r sensitivity
to irradiation. Cultures of S. give r'ì¡ere grown at 3T"C

for 18, 24 and 36 hours, respectively. These cul-tures were

then lyophilized and incorporated into powdered whore egg

before irradiation.
The data presented in Table T showed that the 3ó hour

sal-morrella give cultures vlrere more resj-stant to gamma

irradiation than the 18 or zt+ hour curtures. Al-l viable
cell-s of the l-B and 2/+ hour cuÌtures were destroyed at
an irradiation dosage of 0.6 Mrads. However, a smal_l

number of viable eell-s of a 36 hour cuLture of s. giJe

vìJere still present after exposure to 0.6 Mrads. The resul_ts

indicated that the 36 hour criltures exhibited greater resistance
to lyophilizatj.on. As a result, because of this prelíminary
study, all subsequent investigations in this project utilized.
cultures grown at 37'C for at 1east 16 hours.

Radiation Dosages Requireg to Obtain sterire lowdered
Egg Productq

ïn order to determine the irradiation dosages required
obtain sterile egg products, samples of powdered whole egg

v.

fo



Resistance of Lyophilized Cultures

18, ?l+ and 36 Hours

Age of
Culture
at 37"C(lve. 3 Trials)
Hours O

18 6.jo
9.97

7.80

8.80

2.70

I.l+2

2l+

xloS

xIo9

x1o8
o

xlO'
axl0'
oxI0'

36

o.o3

TABTE 7

of Salmonella gÍve grown at, jfoC for
to Gamrna ïrradiation

1.50x1o8

1.90x1o8

1.80x109

0.06

Dosage in Megarads

8.6ox107

7 .5OxIO7

3 .9OxIO7

5.I+OxJ:O7

9. o0x1O8

9.Zox]ro7

0.1 0.2

1.3OxIO7

2. OOxlO7

3.lOxlo8

The Lyophilized Cultures

Egg before Exposure

1.lOxlOZ

3.6oxlo7

1.10x108

0.3

3 .90x103

were ivlixed into Powdered WhoLe

to ïmadiation Treatments

0.5

4.00

3 .8ox1o3

o" 00

10.00

o.00

0.00

2.9Ox]:OZ

8. 00

o.6

0.00

o.00

1.00

\¡o
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and powdered egg albumen were exposed to O.5, 1.0 and

1.5 I'{rads of radiation. The results presented ín Tables

I and 9 revealed that there were no survivals following
1.5 Mrads of iradÍation Ín both products. In additíon,
the resurts revealed that l-.0 Mrads of radiation uas not

adequate to produce sterile products. However¡ or

subsequent trial-s, (Table L0) sarrrples of powdered whoLe

eggs and egg albumen which vuere ircadiated at 1.J Mrad.s,

showed that some organísms of t,he natural microflora
pf these produets survived the irradiation treatment.
These results were not consistent wíth those obtained

previously, As a result, subsequent samples of powdered

egg products were subjected to 3.0 lvlrads of radiation
to achieve complete sterility. The d.ata presented. in
Tabl-e 11 indicated that a radiation dosage of 3"0 }rrads

was sufficÍent to render the samples sterile" Furthermore,

the sterilÍty of the samples were determined on the basis

of L0 grams of product. This procedure has gíven a certain
degree of confidence that the sampJ-es were indeed sterile
after exposure to 3.0 l4rads of radiatíon.
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TABLE 8

The Effect of Ïryadiation on the Natural Flora

of Powdered Whole Egg

Trial
IrradiatÍon Level (Megarads)

0. o.5. 1.0 r"5
Counts/Graro

1

2

3

h.

12,650

17 1500

6,800

t+ 1350

200

250

0

100

L50

150

50

0

0

0

0

0



53

The Effect

TABLE 9

Irradiation
Powdered Egg

of
of

on the Natural Flora

Albumen

TriaL

frradiation Level (I'tegarads )

1.00" L.5o.5
Counts/Gram

I
2

3

4

5 r500

11,300

8,700

l+r-85o

200

5o

100

250

100

0

0

150

0

0

0

0
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TABLE 10

The Reduction in the Number of Viable Cells

in Powdered llhole Egg and Powdered Egg Albumen

After Exposure to 1.J llegarads of Gamna Ïrradiation

TriaL

Powdereçl _Ì,ùrole Egg Powdered Egg Album.en

Control Ïrradiated Control Ïrradiated
Counts/Grarn

I
2

3

l+

40

20

o

0

7,800

9 1700

l},000

tr,650

13 ,400

I ,700

3,650

9,700

0

3

0

0



TABTE 11

The Reduction in the Number of Viab1e Ce11s

in VarÍous Powdered Egg products

After Exposure to 3.0 l\¡Irads of Gamma lrradiation

Trial
Whole

Untreated
counts/gm

2

Egg Powder

ïruadiated
counts/l0gms

4000

585o

5250

Egg Albumen Powder

Untreated Ïryadiated
counts/gm counts/lOgms

0

0

o

280

270

250

Egg Yolk

Untreated
counts/gm

0

0

Powder

ïrradiated
counts/logms

3140

3320

38oo0

0

o

0

\rr
\rr
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B. Gamma Irradiation of Selected Salmonella Species

f¡ PowdereA- ühgle E,Eg

The effect of gamma irradiation on the destruction of
S. ent.eritidis, S. tvphimuríum, S. wo-rtþj.ngton-, Þ, senttgÊberg

s. heidelbeB and s. gÍve in powdered whore egg is preserrted

in figures l- and 2 (Appendix Tab1es 10 to 15). The

results indicated that there were variations in the sen-

sitivity of each test organism to gamma imadiation. The

pattern of destruetion of the si-x organisms was characteri zed

by a very rapid initial destruction of saþ_onq.1la. after
exposure to very 1ow dosages of gamma iffadiatíon and then

by a less rapid but constant destruction rate as the dosage

level increased. The rate of Ínitial destruction at low

dosages of gamma radiatÍon and the death rate at high

dosages were both noted to be exponentíal in nature. After
exposure to 0.05 l.[rads of radiation it was notecl that there
was a reduction of 2 fog cycles for s. wortþingtoq and a

reduction of 4 1og cycles from the ínitial count for
s. tr¡phimurium in poi^rdered whole eggs. As the dosages

v\tere íncreased up to a level of 0.6 Mrads the rate of
destructÍon for these two organisms appeared. to be the
same, however, a smalL number of €. wort_hington survived,

after exposure to 0.6 lr[¡ads of radiation. There were no

g. tvphirnurium surviving after 0.6 I'Lracis of radiation.
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The destruction rate of g. enteriüidis, s. heid_elberg and

!. giv€ appeared to be exponential after 0.1 Mrads. A

reduction by 3 fog cycles from the inÍtÍal count was noted.

for Q. give, g. heidelberg and a reduction by 4 1og cycles

vrtas observed for S. enteritidis. After exposure to dosages

up to 0"6 Mrads, no viable cell-s of å" give or g. heidelbere

ï,ere found, however, an average of less than 10 organisms

per gram of €. enteri_t_idis survived 0.6 l,,tnads of radiation.
An apparent similar raüe of destructi.on by gamma

irradiation in powdered whole egg was noted for
Ê. lyphimurium, S. give, S. heidelberg, and !. wo{thington.
The rate of destructÍon vlas apparentll' slower for S.

enteritidis when compared to others, indicating that it was

slight,ly more resistant.

c. Gam$a ryrgdiatign gf selected_ specigs of salmoneLlge

ín Powdered Egg Albumen

The same six test organÍsms utilized in the powdered

whore egg study were used, here (figures 3 and, l+') (appendix

tables 16 to 2rI. similar trends in the destruction of
the test organisms in powdered egg ar-bumen were noted.

However dÍfferent rates of destruction were noted for the
different test organisms. The death of the test organisms

were characterized by a rapid initial reduction in the



58

population of the test organisms after exposure to l-ow

doses of radiation, and fol]ou¡ed by a l-ess rapicl destruction
as the dosages were increased to a l-evel of 0.6 luirads.

Although the patterns of destruction by garmra irradiation
of the Salmonell-a test organisms in *oowd.ered. egg alburnen were

rather similar to that seen i.n powdered., whole eggs, sorne

marked variations were apparent. ThÍs rrariatíon i.n

destructíon by radi-ation was observed for s. senfte_nbe{g

s. worthington and s. give_. The destruction of s. senftenbei-rg

in powdered egg al-bumen appeared to be the only organi-sm

arnong the six test organísnns whÍch was exponential at all
level-s of radiation. For the others, a very rarge number

of organisms vüere destroyed after expo.sure to low dosages of
radiation and this !,¡as then followed by a l_ess rapid but
constant rate of destruction as the irradíation levels were

increased to 0.6 }irads" I¡vith the exception of å. gi,hilglg!
and s' giv-e no survivals were noted in powdered egg albumen

after 0.6 I,,irads or iryadiation. As was noted previously,
variations ín the rate of destruction of the six salmonell_a

test organisms in powdered egg arbumen were noted.

D. Gamme Trraclia-tion o! sqlected species of salmo qe

in Porvdered Egg .y-olk

The destruction of sar-monelrae by ganrna irradiation
in powdered egg I'olk is shown in figures J and 6 (appendix

tables 22 t,o 2Z). The levels of inoculant used in this
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phase varied between LOB and ì.09 organisms per- gram of
product " A very rapid reduction in the number of S.

e¡rteritidi€, S. fiive and S. lvphj-muriw were observed

following 0.1 I'irads of radiation. The rapid d.estruction

at lor^¡ dose radiation r{as not observed for s. heidelberø

S. senftenberg and !. r4_qlthj_ngtqn, in porvdered egg yolk.
Furthernlore, the destruction of Ê. heicielbere, Þ. senftelberg
ïJere quite símil-ar at all irradiation level_s. The

reduction, ín the number of €" enteritidis, S. glve and

Ê. typhirnurium. as the dosages of radiation l^¡ere increased,

fol-lotted the same trend seen previousll' in powdered whole

eggs, and powdered egg albumen. This trend was not as

pronounced for the destruction of S. heidel-berg, Þ. senft_enberg

and S. worthington ín por,^rdered egg albumen. Tùith the

exception of s. enteritidis and s. heidelberg , there þJere

no viable organisms present in the product following o.60

Ivirads of irradiation" Both s. enteritidis and $. heidelberg

had an average of e and 14 viable organisrns per gram of
product after beÍng exposed to 0.6 I'frads of gamma radiabion.

E. Th.e Ratej; o.f Des!,ruc_tion of Select_ed Speej"es g[
Salmolnelfse_in Bgg Prqclucts_ bv Ganna Ïrrgdiation
The comparatìve rates of destruction of sa}nonerla

organisms in ¡:owdered egg products b¡r ganrna irradiation are

presented in TabLe I2. The rates of destruction at
the various radiation l_evel-s are expressed by the
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FÏGURE 2
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FÏGURE 3

REDUCTTON IN NIIi\{BERS

OF VTABLE CELTS OF SALMONELLAE
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FIGURE 4

REDUCTÏON ÏN I\IUI{BERS

0F VIABLE CELLS 0F SALI',I0NELLA.E

SPECÏES TN POIIIDERED EGG

ATBUI'MI\] BY GAIVIVIA TRRADTATION
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FTGURE 5

REDUCTTON TN NT]T{BERS

0F VIABLE CELLS 0F SAL¡{OI{ELL$E

SPECÏES TI{ POIIDERED EGG YOLK

BY GAIqMA IRRADTATTOI\]
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FIGURE 6

REDUCTTON TN NIJIVIBERS

OF VTABLE CELLS OF SALMOI\IEI,LAE

SPECIES TiV POUJDERED EGG YOLK

BY GA]T.,IA TRRADTATTON
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respecüive Q4 valrres. The destruction of Salmonell_ae in
powdered egg products was not exponential at the different
radiation Ievels. fn fact, the destruction by gamma

irradiation in the d.ifferent powdered egg products for each

test organism, appears to have two distinctÍve rates of
destruction. The value under ftil is the rate of destruction
at low iryadiation levels while Di,r2 describes the other

destruction rate as the radiation dosages were increased..

The two different \v1 values for each test organism

presented in Table 12 are estirnated Du,i values d.erived, from

presentecl in
through 26). "

figures 3 through I (appendix

These Dt4 values represent the

dosages required to reduce the number of organism

the graphs

tables 10

radiatÍon

requiring 0.f/+ I4rads to reduce the counts by gO%.

by 90% or I log cycle.

The result obtained from this study showed. theL all
six test organisns in powdered whole egg had Dttl val-ues of
o.o2 l.'Irads. The $*2 val-ues for the same organisms in the

whole egg varied between 0"08 and 0,14 irlrad.s with S. enteritidis

The destruction rates of sa-lmonellae_ in powdered egg

yolk varied between 0.02 to 0.05 lvlrads for the SnJ- values
and for the Du,2 valuesr they varied between o.o8 and 0.13

i'lrads. Ë. t]'phimurÍum and S. enteritidis
values of 0.13 ivlrads"

each had fu2

Greater apparent variation in \41 and quz values were
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Rates

of

Egg

TABLE 12

of Destruction of Selected Species

Sal-rnonellae in Various Pot^rdered

Products by Gamma frradiatlon

- -ffiole Egg Egg

_ EgF YoIk Al-bumen

DMI Dr'¿2 Druil Dt.2 D¡11 D¡"2

s.

S.

S.

orJo

S.

S.

gave,

¡elq@rs
t:æ.himurium

genftenþerg

worthingtoq

enteritidis

0.08 0.02

0. 08 0. 0l+

0. 09 o.o2

0.08 o.05

0.10 0.01+

0.14 0.02

0. 08 0. 1l¡

0.03 0.09

8.OZ 0. 0/p

0.06 0.08

0.05 o.I2

0. ol_ 0. 09

o.o2

0.02

o,o2

o.o2

0.02

o.o2

0" 09

0. IL

0. 13

0.08

0.08

0.13
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observed for the destruction of Saþone'ì Ia organisms in
powdered egg aLbu.rien. The DÞll values for the six test
organísms in this product, ranged from 0.01 to 0,0ó Mrads

with S. sen:qtenberg having the greatest Quil value. This

large variation in Q,,il values indicated that greater
r¡ariatíon in resistance were observed for the efmgnelþ
test organisms when present Ín powdered egg albumen.

SimÍì.arly, a wider variation in D¡i2 vaj-ues were

observed for the same organisms in powdered egg albumen.

The \,ß value varied betrseen a Iow of 0.01+ for S.

typhimurium to a high of 0,14 ii,irads for !. giVe_. Sur-

prisingly, S. S4l3¡¿liglg did not possess high D,..1 and

D¡u12 values in powdered egg albumen whereas, the \rz
values for this organism was considerably larger in
powdered egg yolh and whole egg. fn addition, Ê.

tt'phÍmurilul had relatively low Q,il and 01,12 values, they

were 0.02 and 0.04 respectively, indicating of eourse,

that this organism was easily destroyed by relatively
1ow dosages of gamrna i¡'radiation.

dF. Radiation Dosag_es Requíresl to- A-çhieve a l_Oo

Reduction irl ühe_lrlumber of ga]_monglla Organisms

iL.P-owd@
.t

The dosages which !ùere necessary to obtain a lOÕ

reduction in ühe number of each test organism Ín all three
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powdered egg products are presented in Tab1e 13. The

date in Table 13 r{as derived directly from Figures 3

through 8.

fn powdered whole eggs, relatively low dosagêsr

i.e. O.&0 and O.t+3 l,lrads vüere required to achieve a 108

reduction for S. senftenberg and S. typhimurium. A

radiation Level O,62 lrirads was required for $.
worthington and O . J) , 0. JI and 0. 50 it'Trads , respectively

for S. enleritid.is, S. heidelberg and. S. gi.ve.

The dosages requ.ired to reduce the number of

Sal-monellae by 108 organisrns in powdered egg yolk varj-ed

between a high of 0.66 l,'lrads for !. heidel-berg, and a low

of 0.39 Firads for S. tvphim-urium. Ë.. sen{Lenberg and

9. enteritÍdi_s each required a dosage of 0.12 I'.frads and

Þ. worth:ingtog, a dosage of 0.J[ It'irads to achÍeve ühe

same level of destruction of the organÍsms.

I{ith respect to powdered egg albumen, the radiation
level required to obtain the same magnitude of reduction

ín the number of organisms in one gram of product varied

betvueen O.37.for S. enteritidís and 0.56 lt{rads for S.

worthj.rltt_on. S. Seftenberg and S. -bçidellerg each required

a d.osage of A.J) ancl 0.51 I'{rads, respectively. Vrtrereas,

0.48 l.lrads was necessary for S. give and 0.40 I'{rads for

Ê. lXÈJ.gurium.
fn gçneraI, the data indicated that the destruction

of the same test organism in each of the three different
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TABrE 13

Radíatíon Dosages Necessary to Obtain
da l-0" Reduction of Salmonella Organisms

in Powdered Egg Products

Powdered Powdered Powdered All_ these
v,¡hole egg egg yolk egg albrirnen products

oooo,.. Dosage (Itlrads) o.oo.n

Ave.
dosage

q

o

or)o

e

orJo

crrJ¡

give

heidelberg

tvphÍmuri.u¡n

senftenberg

wofthington

enteritidís

0.50

0, 51

o.+3

o"ll.0

o .62

o.59

0.4.0

o.66

o.39

o.52

o.5b

o.52

0.4.8

o.5r

0.40

o,53

o.56

0.37

O.l+60

0. 560

0. ¿l05

o.483

o.573

O.l+93
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products \,úere different. Some of these differences were

rather pronounced as in the case of S. enteritidis.
Whereas, for S. typhj-murium, there \^/ere only very small

differences in the radíation dosage required to red.uce

the number of organisms in all three products.

Fina1ly, the dosages for l0B reduction for each test
organisms in all three products were averaged, and. are

presented in Table 13. The average radiation dosage was

derived in order to determine the relative radio-
resistance of each test organism

The organisms were ranked according to the highest

average dosage required. to obtain a 108 reduction in all
three products revealing that S. worthington was more

resistant than S. heidelberg and followed by

q." enteritidis, S. senftenberg, S. give and S. typhimurium,

respectively. In general, S. worthington and. S. heidelberg

were rather similar in their resistance to gamma irradiation
both required considerably larger dosages to obtain l0B

reduction. The next group of organisms which required

relatively similar dosages were S. enterj-tídis, S.

senftenberg and S. give. Finally S. typhimurium appears

to be the least resistant of alt six species studied.

It should be pointed out that the average temperature

at which the various products were irradiated was 100 op

I 5 oF. 
. Attempts to control the temperature of the

product during irradiation was not successful_ lvith
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TABLE 1/|

I.[egarad -T emperature Re]-at ionship

I'ilit,hin ühe Gammace]l 22O frradÍation Chamber

During the frradiation of the Por^rdered Egg Products

frradiation Level

(l,legarads )

Temperature

("F )

o

o.o5

0. l-

o.2

o.3

0"¿l

o.5

0.6

o.7

85.0

95.o

97 .5

10L"0

101.5

ro2.5

ro2.5

LOz.5

104.0
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conventional methods. part of the reason for this could
be due to the design of the gamma cerr which was used in
this investigation. Furthermore, al1 samples were

irradiated in air atmosphere.
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DÏSCUSSTON

ïn recent years, food borne infection caused by

salmonell-osÍs resulting from consumpti-on of contaniinated

foods have been reported by numerous investigators
(1, 4, 7, 28, 4l+) " Egg and egg products have been

implicated in many such outbreaks as the vehicle of
transrnission. The contamination of pou;dered egg products

may arise from one of many causes, such as:-

1. The organisms are not compÌetely destroyed by the pre-

heating treatment and/or the drying processes.

2. Incorporation of the organisms into the product

from contaminated air used in the drying process.

3. The povrdered product being contaminated by unsanitary

equipment.

l+ " Post-drying contaminaüion.

This study was initiated to examine the possibilÍty
of util-i zing low dosages of gamma radiation to destroy

sel-ected specÍes of Salmonellg organisms in powdered

egg and egg products r âs well as, to determine the

dosages required to obtain a decimal reduction of eightlog cycles.

The resuÌts obtained from this study, reveal-ed that
low dose gamma irradiation may be ernployed as a pre-

servation method, and in particular, to destroy a large

number of Salmonel].a organisms contained in one gram

of product may be achieved by subjecting the products to

a dosage of 0 .6 }rlrads. Although, it was found that on
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the average O.66 I'4rads was required to destroy 108

S. heidelberg organisms in powdered egg yolk" These

findings confirrned the results obtaj.ned by Comer et al
(f6), and IVickerson et al (77), that ganuna iruadiation
was effeetive in destroying _€a]=monellg organisms in
frozen and povrdered egg albumen. However the closages

reported b.rr these investigators v\rere considerabì1r less

than those reported in this study. These investigators
(16, 77) reporLed that O.t+2 i'{rads was required to destroy

approximâteÌy 107 S. lyphimurilu! and 0.36 lvLrads was

required for 9. s-enftenberf, in frozen whol_e egg. These

differences may be explained by the fact that experimental

conditÍons were not similar as well as by the fact that
the leve1 of inocul-um was larger in the present study.

Furthermore, the composi-tion of the proclucts used in
the present study were powdered samples.

Thís study also revealed that the age of the culture
was a .factor ín determining the radj.o-sensitÍvity of the

organism. rn an attempt to utilÍze the most resistant.
cultures for the irradiation studies it was found. that
cultures grown at 37"C for at least 36 hours were more

resistant than those grown either at 18 or 24 hours.

The resistance to ganuna Írradiation of SalmoneLþe as

we-'l-l- as other micro-organÍsms with increasecì age has

been reported bJ' Proctor et al- (81).
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This study also reveal-ed that radio-sensitÍvity
differences were found among the six test organi-sms,

and that these differences u¡ere found to be statistically
significanb. The results suggest that sensibivity to
ionizíng irradiation was not a fixed species characterÍstic.
such differences in radio-sensitivity have been noted in
several other studies (t6, zz , 9t+) . These fi ndings
indicated that the differences not only occured between

species of sal.monellqg but also may occu_r within the same

species (16) 
"

ïn the present study, i-t was found ùrrat when all
three products were taken into consideration, the
average dosage which was required to obtain a 108

reduction Ín the number of Salmonetlae

showed that $. worthingtorr was the most resistant
species, fol-lov¡ed in orcler of decreasing rad.io-sensitivity,
by Ê. heidelberg, S. enteriti-dis, S_. senftenberg, S. giv_e

and the least resistant species, S. tlrphimufium. Further_
more, it was observed that the order of sensitivity
changed for these organisms lvhen each product vJas considered
alone. rn powdered whole egg¡ the most resistant species
was !. worthingtol (o.62 iv1rads) and the least resistant
ones $. senftenberg (0"40 L{racls) and S. typhimuliury,
(o.l+3 jt'lrads). Tn powdered egg yolk, the most resistant
organism was s_. heiclqlberg (o.66 }tracis) and again the least
resistant one S. ttrphimurium. I,rlhereas, in powd.ered egg
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alburnen, S. worthinglon was again found to be the most

resistant speeies and the least resistant species

!. t./phi-murium. The data indicated that with the

possible exception of S. tvphímuriim, which was the least
resisËant serotype, S. wortlingto{ and !. heidelbe-rg.

htere the ¡'nore resistant serotypes. €. givg may be

ranl<ed as the medium resÍstant species, whereas the

other tlvo test organisms, í.e. Ê, senftenberg and S.

enteritidis exhibíted varied radio-sensitivity to l-ow

dose ganma irradiation. These results suggesb that the

composition of the product greatly affected the

resÍstance of the organisms. The different produets

apparently imparted serective protective actj-on to gamrna

irradiation for some organisms but not to others.

The radio-resistance of the six serotypes differed
from the resul-ts reported by Comer et al (16). fn their
study with frozen whole egg they reported in ord.er of
decreasing resistance to gamma radiation S. give,

É. heideLberg, S. typhímurltr4r Þ. enteriti-di.q, and

Þ. senftenb-erf,. This difference in radÍo-resistance
bet'ween the resul-ts of this stud.y and those reported b¡'

others could possibly be explained by the fact that
these investigators used frozen egg product and a dif-
ferent rnode of preparing the inoculun. rn the present

sttrcìy the inocul-um was addecl in the form of a ll'ophilizate.
ït is conceivable that the sensitivity of the organisms
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v\,ere affected as a result of lyophiLization.
lVith respect to the Decimal- Red.uction rates, the

test organisms appeared to be destroyed at two dístinctive
rates in all three products. lüren the organisms were

exposed to very low l-evel-s of gamma írrad.iation, there
was a very large initial reduetion in the number of
organisms, this v¡as next fol-l-ov¡ed by another rate of
reduction when the dosage was increased up to a level
of 0.60 l,[rads. I¡Iith the exception of S-. tvphim-r¿rium,

the l-east resistant species of the test organisms used,
a-'l-] species exhibited two distinctive rates of
reduction" The results suggest that within the popul_atíon

of the lyophilized test organisms, a .rarge fraction of
the organisrns v\tere exüremely sensitÍve to garrrna iryadiation.
This may be attributed to the sensitization effect of
the ]¡rophilization treatrnent and./or perhaps that within
the curture, a l-arge .fraction of the organisms were more

susceptibre to gamma Írrad.iatÍon. This phenomena has

been observed by other investigators (TZ). Furthermore,
the present study dealt with ve,a,. large numbers of test
organisms, l-evel-s of 1oB r-09 were util-i zed,, and it may

be expected that a fraction of the cul_ture was l_ess

resÍstant to gamnra irradiation. cn the other hand

several cultures which included S. wo-rthige_ton, S.

senftenbetg in egg albumen; Ê. .gnte¡ii!.i-dij., S. heidel_bers

in egg yol-k and S. -g¡t_gritidiÊ, S. wor:Þhington in whole
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egg were not cornpl-ete1y destroysd after exposure to 0.60

Ivirads of irradiation. This malr be explained on the basis

of natu.ral resistance of the organisms (8, l-9, 59).

fn addition, when the initial population of the samples

were large, and the rate of destrr:ction was constant , it
may be expecteci that not all of the organisms will. be

destroyed with 0.60 lvÍrads and that in or-der to obtain no

srrvivors, larger dosages must be employed.

The scope of this investigation was rather linited
as only six serotypes were consj.dered. Furthermore, the

test organisms were selected on theír radio-resistance
as reported by other investigators (10, 16, T7),

The resul-ts obtained from this strrdy indicabed

that l-ow dosage gamraa irradiation may þs employed as a

means to destroy Salrnonelþe in egg ¡:rod.ucts, but the

relative resj-stance of the organisms were quite different
from those reported by others (10, fó, 72), perhaps

this may be explained by the fact that the nature of the

inoculuin and the composition of the product used in this
study could contribute to the difference in radio-
resistance of each serotype"

Fina11y, this study did not inve-stigate the effects
of garnma iryadiation on safrnonq.ll-a species found natr.rrally

as a result of contamination in egg products. Furtherrnore,

v¡hether these contaminants l.¡ill- be more or less resistant
to garnma irradiation remains to be a-scerLainecl. Horvever,
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it is known that the Ievel of contamination would in no

way approach the leve1 employed in this study. It should

be mentioned that the various egg products treated with
0 " 6 Mrads of gamma irradiation were used to prepare

angel-food cakes. organoleptic evaruation of the cakes

found them to be acceptable by a panel of judges. The

results of this investigation will be presented in a

separate report
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Although considerable research still must be done

in this area of study, the following concl_usions may be

stated: -
A

1. A 10ö reduction for all- of the organÍsms tested. was

obtaíned when the povrdered egg products were

subjected to a mininum of 0.7 i''Trads of gamr,ra

irradÍation.
2. There were differences in the amount of resistance

that each Sa-ì-molrell.A species possessed to gamma

irradiation.
3. The lrrrads required to destroy any one Sa,lmonella

species differed from one powdered egg product to
another.

h.. The most resistant Salm.onel-la species i¡ each of
the three powdered egg products considered were:-
(a) salm.onelJa worthingtpn when presenb in powdered

whole egg.

(b) Sa]rulgilg h-eidelb-ers when present in powdered

egg yolk.
(c) sal-monelle wortbington when present in powdered

egg albumen.
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TABLE 1

Distribution of the Natural_ i{icroflora
in Powdered Egg yolk

Sample No.

TrÍaLs
Counts/Gram

23t+

l_

2

3

4

5

6

7

I

6zoo

9550

4800

63oo

9l-50

665o

T ttOO

Eeoo

42OO

5900

4000

ll8oo

5500

TOOO

5900

5650

6350

6z5o

6000

ó800

5t+5o

t+7 50

63oo

5o5O 57oo

fi5o 5o5O

4800 6250

5535 6500

57oO 6roo

5550 5goo

52OO 7O5O

57oo 5950
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ANOVA

Source of Degrees Sums of Mean Fvariation of Freedom squares squares value

Treatrnents Z 0"05Z6ï O,OOT53 2.Ol?

TriaLs l+ 0.08162 O" 020/+I

Exp " E:rror 27 O. L0OZ0 O.OO3?3

Total 38 o"235OO

F Value ** Highfy Significant
* SignifÍcant
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TABLE 2

Distríbution of the natural microflora
in Powdered l,r/hole Egg

Sample No.

l_

2

3

l+

5

6

7

I

4000

59oo

500o

320O

6400

67oo

5800

5tl00

7 t+oo

6400

5700

6350

8000

705a

5700

t+350

67oo

66so

6trSo

7o5o

685o

5950

7600

7 550

67oo

65oo

6800

/t 900

5350

525o

65ro

7050

365o

5700

t+6oo

7100

65oo

5l-50

5000

5600

Average 5300 6369 6850 60l-3 5h,r3
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ANOVA

Source of Degrees Sums of l{ean Fvariation of Freedom squares squares value

Treatments 7 O .02666 0. OO3 gl O . 5t+j
Trials \. 0.08256 O.O}O6L

Exp. Error 28 0.19556 0.00ó99

Total 39 o.3otþ78

F Value *,i( Highly Significant
* Significant
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TABLE 3

Distribution of the Natural Mlcroflora
in Powdered Egg Albumen

Trials
Counts/Gram

Sample No"

I
2

3

l+

5

6

7

.)
Õ

121,000

39 ,600

83 ,5oO

83 ,000

57,OOO

55,500

5r,500

63,5oo

5t5o

65oo

3550

t+25O

7350

IO,25O

13 ,2oO

ro,55o

Average 69,325 7600
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ANOVA

Source of Degrees Sums of Mean FVariation of Freedom Squares Squares Value

Treatments T 0. 09gol} 0. 01/+01 0. 2gO

Trials 1 3,g11+11 3.gl411
Exp. Eryor 7 O,35O!+T 0.05002

Total 4.2626r

F Value ** Highly significant
* Significant

I5



Distribution of
Cultures after

Sanple
Number

TABLE 4

satntgnelia tvphimurium and salmonell-a pulLorum Liquid
Their AdditÍon by Atonization to powdered. whole Egg

1

2

3

t,

5

6

SallronelLa pullorum

Trials
Counts/Gram

1

1.50

3 .10

r.74

r.g5

4.05

2.22

3.65

x lo6

x to6

x 106

x to6

x 106

x 1o6

x 106

2

9.85x1a7

9.o5xlo7

9.35xto7

B.9Ox1O7

1.00x108

9.o5xro7

9,75xIO7

A . l'1.

3

2.29x7o7

2.1n5*IO7

z.BzxroT

2.38xIO7

2 - 55xto7

1.9Oxl-07

2.67xro7

2.60 x to6 9,'zxro7

Sal-monella tvphimurium

Trials
Counts/Gram

123
1"12*108 T.75xro7

1.30x108 7.65xIO7

8.loxlo7 6,oj*ro7
1.lOxLOB Contaminated Laboratory
1.29x108 5.6oxl:o? Accident

1.25x108 7.ZOxIO7

t.t4xlo8 4.55xro7

2.t+l+x]lo7 1 - r5*ro8 6 . b6xIa7
F
Oo
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Sal-monella zulþru¡n

ANOVA

Source of Degrees Sums of lvlean FVariati-on of Freed.om Squares Squares Value

Treatments 6 O "OT?Z}, O. O12gg l.3gt,
Trials 2 I .gg jgg t+. bg7gg

Exp. Error lZ 0.11089 O,OO7Z4

Total 20 9.l84l5

F Value *t< Highly Significant
* Significant
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Salmonella l¡p¡l-mg$füi

ANOVA

Source of Degrees Sums of },Íean Fvariaüion of Freed,om squaréã squares var_ue

Treatments 6 O. 04411 O.OO73 5 I. 5gt+

Trial-s I O,Z2g5g O.ZZg5g

Exp. Eryor 6 0. 02T67 0.0046I

TotaL 13 0.30136

F Value )k* Highly Significant
* Significant



Distribution of
Cultures After

Sample
liumber

TABLE 5

salmonella ly-.@igg and. salmonella pullorum Liquid
Their Addítion by Atomization to powdered Egg yoLk

1

2

3

4

Ã

6

7

I
3 .4?xIO8

1.36x108

Counts/Gram

2 - r3*loB

6. o5*108

2.7OxIOå

3 ..rluxLo8

2

1.91x109

1. /8x1O9

a.25xro9

A. M. 3.l3xro8

3

9.55xlo6

2 - 43xlo7

I.2?xIO7

!.IZxIO7

2.26xIO7

3 .5OxIO7

1.12x109

I.26xIO9

3.35x108

SalmoneLla tvphinruri.um

Counts/Gram

1.28x1o9

1

5.60x108

3 .85xro8

7.5ox1o8

5.55xro8

B. 55*ro8

1.32x108

1.65*108

1.91x1o7

2

7.6Ox1oB

2.5OxL08

5.95xko8

1.58x109

2.55*ro8

6. r5*to8

8. 85*ÌoB

3

2.80x107

2.56xlo7

2.26xlo7

4.86x108 Z.o5xlo8

4.20x106

I.27xIO7

2 -87xro7

2 -o3xIo7

Fo\¡)
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Salmonella pullorum

ANOVA

Source of legrees Sums of Mean FvariatÍon of Freed.om squáreã squares varue

Treatments 6 o"t+l+6g7 O.O?t+l+g 0,569
TriaLs z 9"67it+3 ú,.g3671
Exp. Error g 1.17gl4 0.13090

Total- 17 11 .2985t+

F Va1ue >i<ì< Highly Significant
* Significant



rc5

Sal-monell_a tvph_Lmurium

ANOVA

Source of Degrees Surns of l4ean Fvariation of Freedom squares squares value

Treatments 6 l.ogz|z 0.lgo4o 1.593
TrÍals z g.zgTgz b.Lt+ggt
Exp " Error l-1 I.Zj3j6 O.l-l-3gt+

Total 19 t0.63360

F Value ** Híghly Significant
* Significant



TABLE 6

Distribution of Salmonel-l-a typhimurium and Salmonella pullorum Liquid
Cultures After Their Addition by Atomizatíon to Powd.ered. Egg Albumen

Sample
Number

1

2

3

4

5

6

7

t_

3.35xto7

3.?5xIO7

2 .48xIO7

3.6oxho7

4. OOxlO7

3 .6oxho7

3.85xto7

Salmonel}a pulJorum
Trials

Counts/Gram

2

1.23x108

A. IU.

5.f 5xtOB

2.90x1o8

3 .7 5x::o8

4.45x108

4. 85x108

3

1.12x1o8

9.75xlo7

B.zo*ro7

l-. o4x1o8

8.?5*ro7

B. oo*to7

4.ZoxLo7

3.52xl:o7

Salmonellg tvphimuriunr
Trials

Counts/Gram

3 .72x1o8

I
1. ol-xl08

9.?oxl}7

4.40x107

4.7 oxIOT

1.1oxl-07

7.95x]-]7

7 .Zox]ro7

I .64xro7

2

1.27*1oB

l-. o6x1O8

1.48xlo8

9.6oxlo7

1.53xroB

1.25*1oB

3

r.57*ro7

2.87*1od

2.ZIx]-.O7

2 .4l-n]]o7

2 -93xho7

2.ZZxtOT

2.29xlo7

6 .45*ro7 1.26xL08 6.tz*to7

Poo\
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Éalryne]]a p_uIlorum

ANOVA

Sowce of Degrees Sums of Mean Fvariation of Freedom squares squares value

Trearments 6 o "a6347 0.01059 O,25I
Tria1s Z 3 "10689 l.5 j3t+L

Exp, Emor 11 0"l+6327 O,Ot+ZIz

Total 19 3.63362

F Value :r¡k, Highly Significant
* Significant
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Salmonellg tvphimurÍi:m

ANOVA

Source of Degrees Sums of jvlean Fvariation of Freedom squares squares value

Treatments 6 o "7lzt+5 0.1lg74 \.zo2
Trials z I"oT3+g o.5367t+

Exp. Error 11 I.08638 0.09gT6

Total 19 2.8723].

F Value >Fd< HÍghly Signifieant
* Significant



TABLE 7
Distríbution by Means of the Fisher Kendall lvlixer
. and Salmonella pullorum Lyophilized Cultures in

Samp1e
Number

1

2

3

+

5

6

Salmpnella pullorum

1

r -37*106

1. l2x1o6

r - 55*].06

1. /+Lxl-06

1.19x106

9 .6oxlo5

I.26xIO6

Trials
Counts/Cram

2

z.6zxro7

2.6lrx]]o7

L.3l+x].:O7

r.r7xro7

2.26x]-:O7

8. oo*to6

I .7 8xlo7

A. ii{.

3

r.g5*ra6

1./Ox1O6

t+.35xIO6

6.8Ox1Oó

4 "25*::06
I.23xIO7

6.0Oxl-06

r.z3xto6

of Salmonella

Powdered Egg

Salmonell_a typhimurÍum------Tr:-aãÎs ----
Counts/Gram

I
t.o7xto7

l.12xLO7

1.1-2x1o7

7 .9oxlo6

6.75*:,06

6, 00*r-06

7 .7OxIO6

1.80x107

tvphimurir¡m

Albumen

2

6.65*107

5,6Ox]rO7

4.5OxlO7

6. +5*ro7

5.8ox107

5.6ovlo7

6.Ti*to7

5.33xlo6

3

3 .6ox1o6

8.65*ro6

1.88x107

6. OOxlO6

6.3o*Lo6

6.70*:106

1.10x107

8.TT*ro6 5.9oxIO7 8.72*Lo6

Po\o
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Salmonella pulLorum

ANOVA

Source of Degrees Sums of F1ean Fvariatíon of Freed.om squareÃ squares value

Treatments 6 O.Olr3I0 0.0071_g 0.113
Trials Z L,!+OT?5 2.ZO3g?

Exp, Effor 12 0.76376 o "06365

Total 20 j.zrh6r

F Value 'i<* Highly Signifícant
* SignÍficant



111-

Salmon_ella typhimurium

ANOVA

Source of Degrees Sums of Mean Fvariation of Freedom squares squares val-ue

Treatments 6 0.:-l.2|,6 O. OlgZ6 0.T6g
Trial-s Z 3.b453O I.Z2265
Exp. Emor IZ O.Zg3Ig O.OZt+t+j

Total 20 3 "85LO5

F Value ** Highly Significant
* Significant



TABLE 8

Distribution by i[eans of the Fisher Kendall i{ixer of @mone.$g typhimurium
and salmonella pullorurn Lyophilized cultures in powdered Egg yolk

Sample
I{umber

I
2

3

4

5

6

7

I
2.55xho6

9.35xro6

5. O0x1O6

2 -59xho7

9.0ox106

3 .08x107

L.A.

SalmonelJa pullorum
Trial_s

Counts/Gram

2

5.05xtr06

3 .45xto6

3 .9oxho6

5.7Ox7O5

5 .4Ox]-:O6

b.3OxIO6

[. o5x1o6

A. i\Í. 1.48x1-07

3

f. 04*106

1.85x106

4.10x1o6

3.95xlo6

3 .5oxlo6

6.3i*to6
I . i5*ro6

Salm_onell-g tvphimr.rrium
Trials

Counts/Gram

I
3.55xIoL

3 .1oxrO6

ó.5Ox1O6

3 .25xro5

l.33xro6

3 .45xlo5

3.10x105

4.55xlo6 4. 19*ro6

2

7 .2ox]O5

1.51x105

9.90x105

8. o5*1o5

I.59xro6

7 .9OxIO5

1'o5xto6

6r.7 5xro

Laboratory

Accident

B.zr*1o5

H
H
¡\)
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Salmone-l-1a puLl-orum

ANOVA

Source of Degrees Sums of Mean Fvariabion of Freed.om squares squares vaLue

Treatments 6 0"679IO 0.1131-g 0.g63
Trials Z 1.00011 0.50006

Exp. Eruor Il_ I"t+t+256 0.3114

Total 19 3 .r2r77

F Value *e,< Highly Significant
:k Significant
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Salmonella typh¿lnuriUnl

ANOVA

Source of Degrees Sums of }Tean Fvariation of Freedom squarei squares varue

Treatments 6 I.T3ojB o.zggh3 o.T+g
Trials L O.OZOTI O.OZOTI

Exp" Error 6 z,3rt+39 o.3g513

Total B 4.06567

F Val-ue >k:* Highly SÍgnificant
t< Significant



TABTE g

Distríbution by Means of the Fisher Kendall Mixer
and sal-monella pul-Loruq Lyophirized curtures in

Sample
Nu¡ober

1

2

3

4

5

6

Salmonella pullorun
Trials

Counts/Gram

I
2.25xto5

2.o5xlo5

I.92xlo5

1. 85*105

6 - +5*toL

1.73xro5

l-.90x1o5

2

3.10x106

3.75xro6

3 .5oxto6

7.8OxLo5

l¡. OOxlO6

9.b5xho5

3 .85x106

A. M. I.77xho5

of Sa]monellr tvphimuriu.m

Powdered Vùhole Egg

3

Laboratory

Accident

Salmonelle typhimurium
TriaLs

Counts/Gram

2 .85*to6

1

7.4ox104

8.80x104

5.55x]-.oL

8.45x1o&

5.55xlo4

6.tr5xho4

3 .Zoxhoh

2

3.4ox106

6.95x1o6

d.60x106
7

1.19x10

3.6ox106

4. O5x1o6

3

2.9ox[o6

2.38xuo6

3 .3OxIo6

3 -05*:106

t+ -? 5xIO6

3 . o5x106

3 .80x1o6

6.48*104 5 .7 4xro6 3 .32xho6

ts
P
\n
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Salmonella pull-orurn

Ai\]OVA

Source of Degrees Sums of l,lean FvarÍation of Freedom squares squares value

Treatments 6 0.320g6 0" 053&g O,TOZ

TrÍal_s L L"7I3gg t+.7:-3gg

Exp. Error 6 O.U5377 0.07563

Total 13 5.t+885t

F Value t(ìk Highly SignifÍcant
* Significant



tr7

Salmonella typhÍnlurÍum

ANOVA

Source of Degrees Sums of }.{ean Fvariation of Freed.om squares squares val_ue

Treatments 6 o.7 5297 O.Iz5t+g I.34g
TriaLs z rj .96TT2 6.9g3g6
Exp. Error 11 I.OZ333 O.OZ3O3

Total- 19 15 .7 t+392

F Value r<)t Highly Significant
+ Significant



TABTE 10

Reduction in Numbers of Viable CeLLs of Sal-monella heidelberg Ín
Powdered üIhole Egg by Gamma frradjation

Trial IRRADIATION LEVEL (Megarads)

COUNTS/GRAM

1 2 . goxl-o8 5 . l+0x106 d. ooxro 5 
s, !0x103 z .Loxroz d. dox101 4. oo o. 0o

z 3.40x108 r-.r+0x107 T.5oxro5 1.20x1o4 3.30xr03 5.40x101 r_"gxlol 0.oo
3 4.10x1o8 B.7oxro6 4.ó0xto5 g.5o*103 t.5oxt02 2.7oxror 9.oo o.oo
t+ 2.3ox1o8 4.50x106 3.zoxro5 7.9oxro3 2.ooxlo2 4.20x101 5.00 0.oo
5 4'ooxlo8 3.9oxlo7 1.2oxt-06 5.9oxro5 r.5oxto3 r.zoxroz 3.ooxro o.o0

A.lu. 3.31+x1o8 L.43xro? 6.z6xto5 r.z5xro5 r.o7x1g3 5.T4xtor 1.32x10f o.oo

LOG . OF
AvE. tvO. 9.523? 7.1553 5.7966 5.0969 3.O29t+ r "7 589 o.l-206 o.0000

H
ts
cg



TABLE 11

Reduction in Numbers of viable cetls on salmonella sive in
Powdered l¡lhole Egg by Gamma Imadiation

Trial ÏRRADIATION TEVEL (Megarads)

couNTS/GRAM

1 3.87*to8 l.ooxLo7 1.4oxl-06 r.go*ro4 g.3o*ro3 2.5ox101 0.00 o.oo
2 4.9ox1o8 3.t+oxro7 6.9oxLo5 9.boxro3 5.LoxLo} 1.z0x1ol o.oo o.oo
3 5.10x1-o8 8.zoxro5 8.oo*Lo4 z.7oxLo3 1.50x102 3.ogxtof 6.00 o.oo
4 1.5odo9 z.5oxro6 9.6oxroh z.5oxro3 r.5oxtoz 4"r*oxt01 4.oo o.0o
5 z'Soxto8 7.9oxro5 5.8ox104 z.5oxroh 7.0ox103 6.60x101 3.o0 o.o0

A'M' 6'33x1o8 9.6jxro6 L.65xro5 1.u*r-04 3.z3xro3 3.6Lx101 3.00 o.o0

LOG.OF
AVE. NO. 8. gol-4 6.9836 5.6675 h "0682 3 "5092 r.56rl O. ¿+.f 50 0.0000

ts
ts\o



Trial IRRADIATION IEVET (Megarads)

c0ulms/cRA¡4

TABLE 12

Redueti.on in Numbers of Viable Cells of Sal¡rgnella enteritidis
in Powdered rr/iroIe Egg by Gamma rrradiation

I d.doxlo* 4.3oxro5 1.2oxro4 z.5oxro3 2.o0xro3
z 7.50xr08 d.0ox1o5 4.20x104 5.7oxro3 3.50x1o3
3 6.zo*to8 l.Boxt-g& 6.g0x103 1.60x103

A.iu. 6.o3xlo8 b:r5r-o5 Z.t+ox;1ol 5.00x103 Z.3,xto3

LOG. OF
AvE.No. B.Zgo3 5.6180 4.38o2 3.6990

1"8oxl-02 2.loxlol
9.66x101 B.oo

z .zoxror l- " 2oxlof

9.93x1o1 1.37xt-01

3.3747 r.9969

9. 00

6.00

6. oo

7.00

r "1367 0.8494

l-
¡uc



Trial IRRADIATION LEVEL (tviegarads )

c0urfrs/GRArvr

Reduction in Nr¡mbers of Viabl-e Cells of Salmonella worthínsbon

in Powdered l{hole Egg by Gamma Irradiation

I
2

3

A.M.

l-.30x1o8 t.8ox1o6 J.t¡oxro5 8.eo*to3 ?.{oxro} 5.r¡oxlof r-.ooxrol
1.70x109 4.3oxlo6 r.ooxt-06 t-.2oxro5 1.Jox1o4 z.9oxro3 T.6oxlo?
3.ZOxloB ¿*.Boxl-o6 6.3o*ro5 l.6oxlo[ 9.1oxro} 3.gox]gf 9,oo
7 .33xro8 3 .63xro6 7 .poxro5 4. B0x1oå 5.37xro3 9 .9!xro} 3 .0ox1o2

LOG.OF
AVE.No.8.865t

TABLE 13

6 .5599 5.8976 4 .68l.2 3.7300 2.9987

l. o0

9.00

1" 00

4.00

2 .4249 o "602r

P
¡\)
H



Triat ïRRADIATION LEVEL (liegarads)

COUNTS/GRAM

Reduetion in Numbers of Viable Cells of Salmonella tvphimuriuE
in Pov¡dered Vfl:oLe Egg by Gamma Irradiation

1

2

3

A .M.

T.joxro9 r.9ox1o5 2.5oxroL l.goxlo3
4.Boxto9 5.ooxro5 6.90x103

j .loxro9 5.30xr05 z .5oxro4 1.40x103

5 .zlxro9 3 .6ox1o5 2. o0x1o5 3 .37xro3

LOG . OF
AVE.NO. 9.72I8I

TABLE 14

5 .5563 5.3olo3

5 . O0x1O1

6.10*ro2

8. toxtol
2 . t+7x]rl?

3 .52763 2.3927

I3.4Ox1O 1.80x10f

2.00x102 4.80x101

2.loxlof o.oo

B.50*101 2.2oxlol

r.92942

0.00

0. 00

o.00

0.00

r.3 4242 0" 0000

P
N)
¡\)



Trial

Reduction

1

2

a)

A.iu.

9
3 .50x10

2. OOxl-010

2 .5ox\o9

8.6oxro9

l_n

in
Numbers of Viable Cells of Salmonella senftenberg

Powdered l¡Jhole Egg by Gamma fmadiation

LOG. OF
AVE. N0. g .9380

3 .5OxIo7

4.50x1-08

8.6Oxlo7

1.90x108

TABLE 15

ïRRADIATION LEVEL (Iviegarads )

B.30*106

I .20x108

5.]ox106

b. t+5x]lo7

c0uNTS/GRAM

1.7Ox1O&
l+

7.10xL0

1.30x104

3 .37x]:oh

È.2788 T .6t+8t+

1.30x103

3 .5oxho3

9.6oxlo2

l.92xt}3

4.5276 3.2833

4,7OxlOl

5.50x101

l-.1+Oxl-01

3 " 87xro1

1.5x101

5.00

8.00

9. O0

r.5877 0 "9542

0.00

0.00

0.00

0" 00

0.0000

H
¡\)\,



Trial

Reduction in
in

I
2

3

l+

5

A.T,i.

2.7OxIO9

2.4Ox1O8

3.30x108

2. OOxlO9

5 . [0x108

6.26*ro8

TABTE 16

Numbers of ViabLe Cells

Powdered Egg Albumen by

6.30*106

2. O0x1o7

2.10x106

3 .9ox[o7

6 .5o*to6

L .5OxIO7

LOG . OF
AVE.N0. 8.8299

IRRADIATION LEVEL (Megarads)

L.40x104

6.Zoxlob

of Salmonella heidelbers

Gamna Irradiation

6.zoxtoL

COUNTS/GRAM

l-.20x103

2.ZOxLO3

2.Zox]rf.3

3 . t+0x105

B. 5o*lo4

8.1ox105

1.20x106

4,3OxIO5

7 .r76r

2
1.20x]0

5.6335

1.1Oxl-02

8.63x10&

3 . OOxl-O2

1. OOx1O3

5.00x103

f ,31x1-03

1
l- " 20x10

8. oo

1 " E0x1o1

7 .Zoxkol

8.20x1o1

3 . g4x1o1

t+.936o 3 .rr73

2.00

1.00

f. OOxlOf

2 .7OxlOl

1,lOxl-Of

1. O2x1ol

0.00

0.00

0.00

o.00

0.00

0.00

I "581+3 1 .0086 0 " 0000

H
¡\)
+'



Trial

I
2

3

+

5

4.11.

Reduction in Numbers

in Powdered Egg

l+.00x1o8

8.6oxlo8

3.70x108

4.70x108

4.70x108

5. f4xfo8

l-.10x107

1.4Oxl-07

1.l-OxlO7

2 .1Ox1O7

3 .6oxto7

1.8óx107

TABLE 17

of Viable Cel-ls

Albumen by Gamma

LOG.OF
AVE.N0. 8.7]-]-0

IRRADIATTON LEVEL (itfegarads )

?.5Ox]rO5

9,00x1O5

3 .5oxho5

4.3oxIo5

3 .ZOxLO5

t+.5OxIO5

COUNTS/GRAM

L
2. /+0xl-0 '

5.3Ox1O&
.L

3 .8oxl-0 '

&.30x103

1.2ox103

2 - ilrx]-.oL

of Salmone]Ia give

frradiation

7.2695

2.ZOxIOZ

3 . OOxlO2

1 .2Ox1O2

1.5Oxl-o2

4.00x101

1 " 66x102

5.6532

7.OO

l.9OxtOf

1.2OxtOl

6"00

5.00

1. O0x1O1

4.382O 2 "220L

l
3 .00x10-

l_,00

0. o0

2 "OO

0.00

7 "OO

0. o0

0" 00

0.00

1.00

0.00

0.00

1 " 0000 0. Bl*51 0.0000

ts
¡\)
\n



Trial

Reduction in Numbers of
in Powdered Egg

t
2

3

A.I,T. ,

3.3Oxl-o8

2 .3 OxIOB

3.3Ox1OB

2.97xlo8

LOG. OF
AVE. r\io. 8.4zze

TABLE 18

Viable Cells of Salmonella gnt-eË!¡gi-q

Albumen by Gamma frradiation

2.]-OxlO&

?.ZOx]-:Ob

2.7oxhOh

2.33xlob

IRRADIATION IEVEL (Megarads )

B. to*r-02

1.80x103

1.50x103

L.37xlo3

4.367|t

couNTS/GRAIrf
I

7.00x10

2 .1Ox1o2

2 .l+OxlOl

l-.01x102

3.1367

7.OO

7.30x10f

1 "3Oxlof

3 .10x1Ol

2.OO43

2.OO

5"00

0.00

2.00

7 "4914 0.3010

0. oo

0. 00

0. 00

0. 00

0.00

0. 00

0.00

o.00

0.0000 0.0000

¡\)
o.



Triat IRRADIATION LEVEL (Megarads)

couNTS/GRAI{

Reduction in Nurnbers of
in Powdered Egg

I
2

?

A.lri.

z.3oxro8 z.Boxr-06 T.úoxro5 6.6oxr-04 6:,o{roz 5.ooxlol l.goxlol
4 .3 ox1o9 8. 60x107 r.7oxlo7 3 .7oxro5 4 . Boxto3 2 . Box1g3 3 .5oxro2
9.30x109 r-.70xr08 r-.30xr07 3.0oxr-06 r.40xr04 2.0oxr-03 z.box].o?

4.78xro9 8.6i*to7 t.03xtO7 1.15*106 6.46xro3 I"6ZxIo3 Z"o9x1o2

LOG. OF
AVE. No. g .6794

TABLE ].9

Viable Ceils of Salmonella worthinston

Al-bumen by Gamma Irradiation

7.9360 7 .Or28 6.0607 3 .8116 3.2o95

0" 00

B. eo*tof

2.10x1o1

3.[3x101

2.32OI r .53 53

H
¡\)-\)



Trial

1

2

3

A.T,I.

Reduction in Numbers of
in Powdered Egg

2.6OxIo9

3 . OOx109

3 .1ox1o8

r.g7xro9

LOG.OF
AVE. N0. 9 .Zgt+5 5 .7390

TABLE 20

Viable Cells of Sa1mone1la tvphimurium

Al-bumen by Gamma Trradiation

3 .loxl-O5

5.10x1o5

B. zo*to5

5.47xho5

IRRADIATION LEVEL (tvlegarads )

3.10x104

1.60x104

2.10x1-o&

2.27xro4

c0ut'IIS/cRAivi

2.1ox103

8.00x103

1. OOxlO3

3 .?OxtO3

4.3560 3.5692

t+.9OxIO?

1.9OxlO2

B. eoxto2

J. OoxlO2

2.2OxLOl

2.7Ox101

l-.5Oxlof

2.13x101

2.6990 r.3294

3 .00

4.00

0"00

2.00

0.00

o.00

0.00

0" o0

0.3 0]0 0.0000

ts
¡\)
co



Trial

Reduction in Numbers of
in Powdered Egg

l_

2

3

A.I,r.

3.30x109

1. toxl-Of o

9.ZOx]rO9

7.83xto9

LOG.OF
AVE.l¡0. g .965:- 9.657t

TABLE 2].

Viab1e Cel1s of Salmonella senftenberg

Albumen by Gamma Irradiation

2.3oxIO7

1.30x109

4.00xL07

4.54x1o8

IRRADIATION LEVEL (Megarads)

6
6.20x10

I
1.50x10

J. o0x1o6

5.37xlo7

c0uNTS/GRAM

2 .5oxLO5

J . oOx1O6

J .6OxIO5

I "27xro6

7 .73OO ó.1039

l+

7.90x1O

2.60x104

6.00x10&

5.5oxloL

3 .Zoxlo3
l"

l-.10x10 '

8.40*to2

5. oLxlO3

l+"7t+OU 3.6998

6. to*to2

6.ZoxIOZ

7. OOxlOl

4.33xLoZ

9.00

/.vv
0.00

5.00

2.6365 o "6990

H
¡\)
\o



Trial_ IRRADIATION LEVEL (l,tegarads )

c0uNrS/GRAM

1 2'3ox1o8 2.3oxro7 8.zoxlo 4.3oxro& B.40*102 6"3ox.oz r-.50x102 2./0x1of
2 4.3oxro8 þ.Joxto7 z.t+oxro5 3.50xLo3 3.ZOx1o3 J.Ioxlot ó.oo l.oo
3 '4.10x108 3.8ox107 B.10*105 4.50x104 5.rox1o3 5.r0x102 5.9oxt't 9.004 5'30x1-08 2'3oxro7 l+.3oxro5 3.10x104 3.B0xr-03 6.3oxroz 1.90x10r 4.oo5 3'&0xl-08 8'6ox1o6 2.00x103 z.Taxro} 1.¿+oxr-01 4.goxtol r.oo6 3.4oxlo8 2.oox1o6 6.zoxro5 9.3ox1o& r+.4oxr.o4 3.10xr03 ó.ooxlor 3.oo7 1.2oxl-09 9.3oxro6 4.60xr06 2.roxro5 4.9oxro4 z.gOxro3 1.10xt02 3.50x1018 8'eo*to8 6'0oxl-06 /+.roxto6 5.6oxlo5 r.9oxro5 l.roxro4 &.rooxlo3 3.3furofA'M' 6'63*ro8 r'96xro7 1.46x106 r.23*ro5 3.Ttxtot* z.97xro3 6.o,*toz r..goxlof

Reduction in Numbers of
in powdered Egg

TABLF, 22

Viable Cells of Salmone1la heidel_bers

Tol-k by Gamma Ïrradiation

LOG. OF
AVE"NO" 8.82l-5 7.2923 6.r6t+t+ 5.0899 4.569/'+ 3 "t+729 2 "7832 r"243o

H
\^)o



Trial

TABLE 23

Reduction in Numbers of Viable Cel1s

in Powdered Egg yol_k by Gamma

I
2

3

4

5

A .IU.

2.6OxLoL

3 .8Ox1o9

Ì.90x109

1.6oxl-o8

1.4Oxlo8

l-.78x1o9

8.4ox106

7. OOxl06

3 .8ox1o6

6 .4OxIO5

1.30x106

4 .23xlo6

LOT.OF
AVE. N0. g .25Ot+

IRRADIATIOIV LEVEL (Megarads )

1.10x105

2.6OxIO5

6, &Ox1o4

9 "t+OxIO3

4.30x104

9 .73xIOL

COUNTS

of Sal-monella Eive

frradiation

L
3 .00x1O

8.8oxlo3

4.30x103

3 .6OxIOZ

2.l-Oxlo2

8.73*103

6.6263

GRAM

I.f OxIOz

2.ZOxIOZ

1. O0x1O2

2. OOx101

1.80x101

l-.06x102

4.988t

1
l- "i+0x10

1.30x10f

2. OOxlOl

7.00xL0

7 "OO

1.26x101

3.91+lO 2.0253

1,.00

o"o0

o" 00

l_"00

0.00

0.00

0.00

o.00

0,00

0. oo

0.00

0.00

1.100/| 0.00 0.00

P
\^)
ts



TriaL

1

2

3

A.T{.

Reduction

J..00x108

1.90x108

1.4Oxl-OB

I .43*Lo8

t-n

in
Numbers

Powdered

LOG. OF
AVE. N0 . 8. 1153

TABLE 24

of Viable Cells of
Egg Yolk by Gamma

6.3oxko5

2.þOxJ05

4.35xlo5

IRRADIATION LEVEL (Megarads)

4.Zoxtob

1 .l+OxlO5

2.5OxIOL

6.9oxto4

5.6386

COUNTS/GRAM

Salmonella enteritidis
frradiation

6.go*Lo3

3.4Ox104

1. OOx103

1.,l+0x10&

4.8388 t+.It+6I

2.80x103

4.l-Oxl-O2

1.61x1o3

l-.90x102

f.7OxfO3

le. o0x101

6 .43xIO2

3 .2A68 2.g)g2

3 .5OxLOl

1.10x102

2.00

4.90x101

9. OO

I " 6xlOf

0. 00

8"00

r"69oz 0" go31

H\,
¡\)



TriaÌ

Reduction in
in

l_

2

I
l-.10x10
'c)

6.5oxlo'

1.40x108
.l
Õ

I .00x10

3

A.iu.

Numbers of viabre cel-ls of salmonellg worthington
Powdered Egg Tolk by Gamrna Ïrrad.iation

LOG. OF
AVE. N0. 8.477r

6
2.2Ox7O

l-.00x107

8.30*106

6.83x106

T ABLE 25

IRRADIATÏOI'I LEVEL (Ii{egarads )

1.20x105

&.50x106

4.2ox104

r-55xro6

6.83ht+ 6.1903

c0uNrs/cRAM

T .7oxro3 3. Boxto2

2.3oxLOZ

l¡. O0x1O3

d.8oxlOl

2|.ixl:o?

4.544r

&.5Oxlof

2.80x1o1

3 .6ox1Ol

4.1614 3 .3263

1.00x101

2.00

8. oo

7.OO

o.00

0.00

o. o0

0. 00

o.8451 o. 0000

F\,
\¡)



Trial IRRADIATION LEVEL (ii,iegarads )

c0ur!'rS/GRAM

1 4:r+0x109 9.4oxro5 4.00x103 g.goxLo2 g.3o*tol l.ooxLOr o.oo 0,oo
2 1'9oxLo8 3.00x104 z.8oxto3 /¡.80x102 r-.roxrol 6.00 z.oo o.oo
3 l.6oxto8 t+.zoxroh 3.Zoxro3 4.goxLo2 t.zoxtot 4.00 4.oo o.oo

A'l'Í' 1'58x109 3,3gxro5 3.5oxro3 6.13*lo2 3.zoxrol 6.oo z.oo o.oo

TABLE 26

Reduction in Numbers of Viable Cells of Salmonella tvphimuriurn
in Powdered Egg yor-k by Gamma rrradiation

LOG . OF
AVE. N0. g .rg+7 5 " 5302 3.54t+I 2.7875 r.5682 o.7973 o.27l.8 0.0000

P
\,)
+



Trial

I
2

3

A.I'i.

Reduction

.ì()
4.7OxIO

1 .lOxl-O8

l- .10x109

5. óOxlo8

1n

l-n

Numbers of viable cel1s of saLnonella senftenberg
Powdered Egg Yolk by Gamma Ïrradiation

LOG.OF
AVE. I\IO . I .z tngz

6.3o*ro7

3 . O0x1O7

5 .lOxl-06

3 .27xto7

TABLE 27

IRRADIATION LEVEL (Megarads)

1.90x106

1.1Ox107

2 .4oxLO6

5.10x1o6

7 .5145

couNTS/GRAI,I

1.90x104

1.90x105

2.3}xhoh

7 .73xlo4

6.7oT6 &. BBge

1.8oxlO3

t+.2OxIO3

7.2ox7}2

2.24x]ra3

I
4.00x1_0

3 .7OxIOZ

&.90x101

r.53xro2

3 .3502 z.l9t+Z

7.OO

2 "OO

l-.20x1-Ol

7 "OO

0" 00

o.00

0.00

0.00

0. 8451 0" 0000

ts\,
\¡t


