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I. INTRODUCTION

The presence of pathogenic microorganisms belongling to
the genus Salmonells in dried egg products has resulted in

many investigations concerning the sources of these con-
taminants and methods to eliminate the organisms from the
dried product.

Members of the genus Salmonells have been involved i1n
a number of human 1lls such as typhoid fever, paratyphold
fever, septicemias, abscesses, bronchopneumonias, meningltis,
arthritis, pleurisy, pyelonephritis and gastroenteritis.
Some of the symptoms of gastroenteritis include nausea,
vomiting , headache, fever, chills, generallzed aches and
pains (particularly of the lumbar region), rapid pulse and
a flushed appearance. Therefore, the presence of these
organisms in food 1s very undesirable and methods for
detection and isolation, as well as procedures for eliminat-
ing them from food products, are desirable and necessary.

Although media and procedures have been devised for
detecting and isolating Salmonella from various materials
such as feces, urine, infected tissues and water, none were
devised specifically for use with egg products; thus
investigators interested in the incidence of Salmonella

in eggs have employed broths intended to be used for other



materials. It 1s evident that egg, with its content of pro-
teins, lipids, vitamins and antibacterial agents (e.g.
lysozyme, avidin, conalbumin, ovomucold and carbon dioxide)
changes the nutritional constituents of the broths when
added to them.

Plant sanitation and pasteurization of the liquld egg
have been employed in an effort to obtain dried eggs devoid
of Salmonella; however, even with these procedures, organisms
belonging to this genus have been isolated from the product
after dryling.

This investigation was undertaken to study media used
to detect and isolate Salmonella and to investigate methods
to reduce and eliminate these pathogens from drled albumen.

The commonly used enrichment broths and selective
agars were teated in order to determine their abllity to
support the growth of Salmonella.

In order to reduce multiplication of organisms during
holding of the liquid albumen, the liquid egg whilte was
altered by the addition of antibiotics (chlortetracycline,
oxytetracycline and streptomycin) and by varying the
hydrogen lon concentration. The effect of elevated tempera~
tures of atorage (50°, 60° or 70° €.) and the molsture
content of the dried albumen (1.5, 3, 6 or 12 per cent)
upon the microblologlcal population and functional pro-

perties of the albumen were observed in order to determine
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if this treatment could be used to obtaln a product devold

of Salmonella.




ITI. REVIEW OF LITERATURE

In treating dried egg white to reduce the number of
microbial contaminants, two aspects must be consldered:
(1) reductions in the miecrobiological populations, and
(2) changes in the physical and functional properties of
egg white due to the treatment imposed upon the product.

The types of organlisms which contaminate dried egg
white, the sources of contaminatlon and the means by which
contamination may be reduced, as well as the effect of
varlous treatments upon the physical and functional pro-
perties of dried egg white, are dlscussed in the following

review of l1lterature.

A. Types of Microorganisms in Eggs and
Egg Products

1. The genus Salmonella

Edwards et al. (1948a) presented a review regarding the
occurrence and distribution of Salmonella in anlmals and in

varlious foods. They concluded that eggs and food products
containing eggse are important sources for the transmission

of 8almonella from animals to man.
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It is not the intent of the writer to review all of the
literature pertaining to this genus, but rather to consider
aspects such as the occurrence and distribution of members
of this genus, particularly those involved in food infection,
methods and medla used to isclate and enumerate members of
this genus and the pathogenicity of Salmonella.

2. Occurrence and distribution. Several workers have

examined eggs produced by hens which were known 8. pullorum
"peactors', a reactor hen being a bird whose blood contains
agglutinins for the antigens of S. pullorum. The data
obtained by these investigators are summarized in Table 1.
Evidently this organism was not transmitted to every egg
laid by an infected hen. Runnels and Van Roekel (1927)
tested the eggs from 14 "reactor” hens and found that only
10 of the 14 birds produced eggs containing S. pullorum;
however, over 50 per cent of the eggs lald by one hen were
found to contain this organism,

Bornstein et al. (1941), Seligmann et al. (1943),
Gibbons and Moore (1944a), Schneider (1951), Solowey et al.
(1946, 1947, 1948), Gibbons (1947a), Sutton and McFarlane
(1947), McFarlane and Calesnick (1948) and Edwards et al.
(1948a), reported the presence of organisms belonging to
the genus Salmonella in drled whole egg powder. Goresline
(1948) presented a review concerning the occurrence of
Salmonella in eggs.
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Table 1. Incidence of Salmonells pullorum in eggs
laid by hens whose blood contained anti-
bodies for 8. pullorum

Number of Per cent

Investigator(s) ~ eggs examined infected
‘Rettger and Stoneburn (1909) Bl 20.5
Gage et al. (1914) 619 5.2
Hadley et al. (1917) Zﬁ 10.5
Doyle (1925) | g 1 2.6
Kaupp and Dearstyne (1927) 3,818 5.94
Rochaix et al. (1933 207 1.93
Titteler et al. (1928) 1,560 5.2
Runnells and Van Roekel (13%27) 169 33.%
Weaver and Weldin (1931) 775 2‘1

Chase (1947) 1,000

Edwards et al. (1948a) reported the isolation of 23
different types of Salmonella from eggs and egg powder and
stated that these cultures generally followed the distri-
bution of types of Salmonells found in fowl. The hen has
long been known to harbor Salmonella, and, in particular,

8. pullorum. The isolation of several specles of Salmonella

from fowl was reported by Edwards and Bruner (1938, 1941,
1943), Edwards (1939), Lerche (1939), Jungherr and Clancy
(1939), Mallman et al. (1942), Darby and Stafseth (1942),
Hinshaw et al. (1944), Moore (1946), Buxton (1948),
Karlshoj and Marthedal (1948), Hinshaw and McNeil (1948)
and Edwards et al. (1948a, 1948b).
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McFarlane and Calesnick (1948) examined 507 samples of
low moisture spray dried whole egg powder and isolated
Salmonella from 5 per cent of the samples; 1l serological
types were identified. Edwards et al. (1948a) and McFarlane
and Calesnick (1948) observed that of those bacteria identi-
fied, 8. oranienburg was the predominant specles.

Schneider {(1946a) analyzed 901 samples of egg powder
and obtained 32 (3.18 per cent) isolations of several speciles
of Salmonella. Solowey et al. (1948) identified serologi-
cally from 2 to 30 Salmonella in each of 171 samples of spray
dried whole egg powder. Gibbons (1947), during 1945,
isolated Salmonella (other than S. pullorum) from 112 of
4O0 samples of dried whole egg.

A report by Ayres and Slosberg (1949) showed that
sizeable numbers of Salmonella were present in dried egg
white.

b. Methods and media for detection and isolation. Since

saprophytic organisms are usually more predominant in foods
than are pathogenic orgenisms, 1t has been necessary to use
methods and media which favor the growth of Salmonells and,
at the same time, Inhibit other organisms., The purpose in
using an enrichment broth is to increase the numbers of
Salmonella present and, at the same time, to prevent the
reproduction of cther organisms in order that the probability
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of isolating Salmonells will be increased. The results of
Watt and Carlton (1945) and Galton and Hardy (1948) have
demonstrated the importance of using enrichment methods.

The broths selected should exhibit minimum bacteriostatic

or bactericidal effects on Salmonella. This is particularly

important if only a few organisms of this genus are present
in the sample. |

The enrichment broths generally used are Selenite-F
and tetrathionate. Modiflcations of tetrathlonate are also
used.

In 1936 Leifson described the formula now used for the
preparation of Selenite~F, By means of growth curves, he
showed that, slthough the medium was not sufficiently toxic
to completely inhibit the growth of enterococel or "fecal
colon bacilli", there was a decrease in their numbers during
the initial incubation period; "typhoid bacilli" were able
to multiply rapidly from the start and soon outnumbered
other organisms.

Gohar (1943) used sodium selenite as an inhibitor of
extraneous organisms. He found that Bacterium enteriditis

(S. enteriditis), Bacterium paratyphosum A (3. paratyphi),

and Bacillus paratyphosus B (8. schottmuelleri) were more

o~

registant to the action of sodium selenite than was

Bacterium coli (Escherichia coli). However, he also
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cbserved that some extraneous organisms were more resistant
to the actlon of sodium selenite than were some members of
the genus Salmonella.

Knox et al. (1943) reported that Bacterium paratyphosum
B (8. schottmuelleri), most of the common Salmonella, and
members of the genus Proteus were powerful tetrathionate
reducing organisms. Bacterium typhosum (S. typhosa) was
less effective; Bacterium paratyphosum A (S. paratyphi),

Bacterium coli (E. colli), Bacterium aerogenes (Aerobacter

aerogenes ), dysentery bacilli and most fecal organisms were
unable to reduce tetrathionate.

As a means for enriching Salmonells in drled egg pro-
ducts, Gibbons and Moore (1944a) utilized tetrathionate
while Solowey et al. (1946) and Ayres and Slosberg (1949)
used Selenite~F., Cantor and McFarlane (1948) employed both
Selenite~F and tetrathionate for enrichment of Salmonella

in fresh eggs.

Ruys (1934) reported the use of brilliant green-Esbach
broth for isolation of 8. schottmuelleri and later (1940)
atated that this broth ylelded a higher per cent of positives
than did other enrichment broths for all specles of
Salmonella.

Although there have been indications that one enrichment
fluld may be better than another, in some instances the
results obtained from different samples or from varying



quantities of the same sample were used as a basis for
comparison. The conclusions derived from these comparisons
do not necessarily mean that one broth is better for all
types of samples or for all specles of Salmonella.

Many solid medla have been suggested and utilized for
the detectlon and isclation of organisms presumptively
identifled as belonging to the genus Salmonella. Included
in this list are Salmonella-Shigella (SS), brilliant green
(Ba), desoxycholate citrate lactose sucrose (DCLS) and
bismuth sulfite (WB) sgars. Hajnas and Perry (1938) and
Gunther and Tuf't (1939) reported that WB was superior to
all agars that they tested; however, several selective agars
have been developed since thelr studles were reported.
Although at one time 885 agar was considered to be a satis~
factory medium for differentiation of Salmonella, Broh-Kahn
(1946) found this medium unsatisfactory for the isolation

of these organisms. He considered Kauffmann's BG agar to
be a very good medium and recommended its use as an
analytical tool.

¢. Pathogenicity. Organisms of the genus Salmonella

have been involved in a number of cases of sickness in human
beings. Outbreaks of food polsoning due to contaminated
rice pudding were reported by D'Albora et al. (1945) and
Mitchell et al. (1946). D'Albora et al. isolated 8.
montevideo and Mitchell et al. isolated §. pullorum.
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It was believed that eggs used in the formulation of the
pudding provided the source of the organisms. Mayonnaise
made with contaminated eggs was shown by Watt (1945) to be
the cause of an outbreak of salmonellosis involving 28
people.

Schiff (1938) and Hormaeche and Peluffo (1941) found
than in adult infections. Hormeeche and Peluffo examined
2,141 children and isolated Salmonella from 266. Seligmann
et al. (1946) reported that of 2,000 cases of salmonellosis,
40 per cent involved children under 10 years of age. They
also found that fatalities due to Salmonella infection were
high in people over 5O years of age.

~In a series of papers McCullough and Elsele (195la,
1951b, 195lc) reported the pathogenicity of several species
of Salmonella which were lsolated from spray dried whole egg.
The organisms tested were 5. meleagridis, 8. anatis, §.
pullorum, $. newport, 8. derby and 8. barellly. At the
lowest level studied (125,000 organisms) 8. bareilly caused
1llness in one of six men, whila in order to cause illness
in three (or 50 per cent) of the men, an intake of 1,700,000
organisms was required. 8. newport, fed at a level of
152,000 organisms, caused symptoms in one of six men. While

most of the organisms caused symptoms or illness at



~12-

concentrations of hundreds of thousends, S. pullorum was fed
at a level of over 1 billion before causing disturbances.

It was belleved that this resistance to §. pullorum was due
to the fact that all of the subjects ingesting these
organisms were immunized against 8. typhosa, which is
antigenically similar to §. pullorum.

2. Qther organisms

Since dried egg white is a product of shell eggs, the
types of microorganisms (other than Salmonella) as well as
the extent of infection éf the intact egg deserve some
comment. The extent of bacterial infection of eggs has
been investigated by many workers and thelr results are
listed in Table 2. Although the per cent of eggs infected
varied considerably, factors such as the age of the eggs,
method of sampling, amount of sample, type of culture media,
and temperature of incubation could account for the differ-
ences obtained by these workers. Results showed that there
was a higher incidence of infection in the yolk than in
the white. The observation by Bushnell and Maurer (1914)
that the per cent of infectlon at an incubation temperature
of 20° C. was greater than at 38° C, indicated that the
predominant flora was saprophytic soll organisms rather

than pathogenic types.
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Table 2. Bacterial iInfection of fresh eggs

Number of ?avﬁ Per cent
| Inyastigaﬁor(a) ____egas examined examined infected
Maurer (1911) 575 whole 24,0
Rettger (1913) 3,510 yolk 14.24
582 white 1.20
Bushnell and Maurer (1914) 2,759 whole 23.7
' yolk 23.6
white 3.40
Hadley and Caldwell (1916) 2,520 whole 8.70
i1l yolk 4,50
111 white 0.00
Haines (1938) 112 whole 7.0

Wolk et al. (1950) 651 whole 12.13

Forsythe et al. (1953) examined more than 1,000 fresh
eggs and found that in every examination there were less
than 2 organisms per egg.

The organisms which were isolated from eggs by the
workers listed in Table 2 included the followlng: Bacillus

mesentericus, B. subtilis, Micrococcus pyogenes, var. albus,

Proteus vulgaris, Pseudomonas aeruginosa, Ps. fluorescens,

Streptococcus lactis, E. coll, Achromobacter sp., Serratia

sp., Streptothrix sp., Penieillium, Sporotrichum, Mucor and
Botrytis. |
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are removed and broken separatelys; the acceptable eggs are
transported to the breaking room where they are broken open.
In the breaking operation the shell 1s cracked against a
knife edge and is opened by pulling the half-shells apart.
The liquid contents (albumen and yolk) are either separated,
or the melange 1s allowed to drop into a small cup. If a
rotten egg is broken into the cup, the contents of the cup
are discarded and the breaking equipment washed before it
is used again. The accepiable egge are collected in a large
bucket, and then poured into a blendor. Following the
blending procedure, the liquid egg is screened to remove
membranes and pleces of broken shell. The final products
are called liquid whole egg, liquid yolks and liquid whites.

The whitee are placed in a vat where the glucose is
removed by an enzyme complex, glucose oxidase, or by
fermentation processes which involve the use of bacteria
or yeasta. Then the fermented whites are dried elther by
a spray drying or by a pan drying process.

During the procesaling of eggs prior to drying, microbial
contaminants may gain entrance from four main sources: the
shell egg, the breaker, the utensils, and the fermentation

process.
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immersed in a culture of Pgeudomonas for 12 hours contained
no organisms even after they had been stored for 14 days at
20° C., When washed eggs received the same treatment, upon
immedliate examination, 10 per cent were found to be infected
while, af'ter storage for 14 days, 40 per cent were con~
taminated.

Although the mucin coating on the shell was shown by
Haines (1938) to inhibit bacterial penetration, Gillespie
et al. (1950) reported that the removal of this coating did
not enhance bacterial invasion of the egg. Further,
Forsythe et al. (1953) found that eggs properly washed soon
after laying had fewer organliams on the inside after storage
than did unwashed eggs.

Haines and Moran (1940) found the porosity of the shell
to vary at different points on the ssme shell and with
aucaeéaive egegs from the same hen. They also concluded
that, if the temperature of an egg is higher than the fluid
in which the egg 1s lmmersed, the bacterla in the fluid are
readily drawn through the shell by suctlion as the egg cools.

To show the penetration of the egg shell by Pseudomonas,
Rievel (1939) coated the interior of an aseptically obtained
shell with nutrient agar and then dipped this prepared shell
into a broth culture of Pseudomonas. The appearance of

fluorescent spots on the inside of the shell, when observed
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with ultraviolet light, showed that Pseudomonas had
penetrated the shell. This work was confirmed by Lorenz
et al. (1952).

If eggs are removed from cold surroundings to a warnm
room with a high relative humidity, moisture collects on the
shell, In commercial establishments, this condition is
commonly called "sweating". Moran and Plque (1926), Rosser
et al. (1942), Goresline and McFarlane (1944), and Forsythe
et al. (1953) showed that "sweating” of eggs resulted in an
increased bacterial content inside the eggs.

Wolk et al. (1950) ﬁ#ar@ﬂ shell eggs at 5°, 15°, 25°
or 35° €. and observed the number of eggs that became, in-
fected during storage. They noted that at 35° C. the
percentage of infected eggs increased rapldlys however, at
25° . the highest percentage of infected eggs was observed.
Storage at 5° or 15° C, resulted in contamination of 20 or
30 per cent of the eggs respectively. Thus the temperature
is a factor to be cenﬁid@r@d.mhen storing eggs.

Eggs examined by Stuart and McNally (1943) were found
to possess sterile shells when laid. Blount (1949) suggested
that the main source of infection of eggs 1s dirty, con~
taminated nests which come into contact with freshly laid
egzs while the eggs are warm and moist.

During the breaiting operation, dirt on the shell of an
egg 1s a source of bacteria for the contamination of liquid
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eggs. Zagaevsky and Lutlkova (1944a) reported that liquid
egg obtained from eggs with soiled shells contained 100 times
as many bacteria as did liquid egg obtained from clean eggs.
They reported also that disinfection of shells with chlorine
before breaking resulted in liquid egg relatively free from
bacteria. Solowey et al. (1946) reported a higher incidence
of Salmonella in the melange obtalned from dirty eggs than
in that secured from clean eggs. Cantor and McFarlane
(1948) gcnfirm@d these results. It was concluded by Solowey
et al., (1946) that the external shell surface was an
important source of Salmonella and that dirty eggs were the
primary offenders.

When the contents of several eggs are mixed together,
one contaminated egg can infect an entire batch of liquid
egg. Although the number of organisms in shell eggs may not
be excessive, this contamination is important in liquid
eggs, since the broken-out liquid egg provides a more
accesslble source of nutrients for bacterial reproduction
than do shell eggs.

b. Growth of microbial contaminants. According to
Romanoff and Romanoff (1949), it was first postulated by
Wurtz (1890) that egg white possessed germicidal activity.
Later, Laschtschenko (1909) observed that liquid albumen

placed in petri dishes and exposed to ailr did not become
putrid during drying. He repeated his experiment, and



w3 -

removed samples to agar and gelatin surfaces for bacterial
examination and was unable to isolate any microorganlsms
even after 6 days of exposure of the albumen. When he added
bouillon broth to the albumen, only 2 or 3 days were re-
quired for putrefaction to occur. Laschtschenko further

observed that cultures of B. subtilis, B. anthracis, and

B. me
was heated to 55% to 60° ¢. for 30 minutes without

atherium, were destroyed by the albumen. Albumen

destroying its bactericidal action; however, when albumen
was heated to 65° to 70° €. for 30 minutes and, after
cooling, was inoculated with B. subtilis, this organism
grew profusely. | |

Four major antibacterlal substances have been detected
in hen's egg white. These active principles are: lysozyme,
avidin, conalbumin, and ovemucold. Bacterlostatic action
is ascribed also to pH effects in the egg, the presence of
carbon dloxide, and the inability of organlsms to use
native proteins.

The ability of lysczyme either to lyse or to inhibit
bacteria was demonstrated by Fleming (1922). Work concern-
ing the observation and characterization of lysozyme In egg
white has been reviewed by Halnes (1939), Zagaevsky and
Lutikova (1944b) and Romanoff and Romanoff (1949). Of the
bacteria tested, the ones susceptible to lysls were Gram

positive, while Gram negative organisms were, in general,
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not lysed. Kern et al. (1951) considered that the action of

lysozyme against M. pyogenes var, aureus and M. lysodeikticus,
in general, affected the cell membranes.

Avidin, the biotin binding protein, was isolated from
fresh egg white by Eakin et al. (1941). Two molecules of
biotin are bound by each avidin molecule, according to
Fraenkel-Conrat et al. (1952a). The composition and mode
of action of avidin was described by Fraenkel-Conrat et al.
(1952b).

The existence of an lron binding agent in egg white was
reported by Schade and Caroline (1944). Schaible and
Bandemer (1946) and Alderton et al. (1946) identified
conalbumin as the agent responsible for iron binding and,
as a result of the formation of this complex, albumen dis-
played antibacterial activity. Fraenkel-Conrat and Feeney
(1950) found that conalbumin did not prevent the growth of
M. pyogenes var. albus but prolonged the lag phase and
reduced the rate of subsequent growth of this organism.

It was postulated by Fraenkel-Conrat and Feeney and later
by Feeney and Nagy (1952) that bacterilsa assimilated free
iron which was in aﬁuilxbrium with the conalbumin-iron
complex and thus the complex would dissoclate to form free
iron and conalbumin. Feeney and Nagy (1952) reported large
differences in the sensitivity of différent organisms to

conalbumin.
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The presence of anti-trypsin in egg white was filrst
noted by Vernon (1904) and later by Balls and Swenson (1934).
The trypsin inhibitor of egg white was identifled as the
ovomucold fraction by lineweaver and Murray (1947). Biler
et al. (1952, 1953) detected electrophoretically five
components in ovomucold. They separated three of the five
components and found that every one of these exerted the
same inhibition of trypsin as did the original unfraction-
ated ovomucoid. Anti-tryptic activity is not restricted to
liquid egg white since, according to Harte (1945), commercial
dried egg albumen contains about as much activity as does
fresh egg white.

The pﬁ of a medlium 1s an important factor in the growth
of microorganisms. Dernby (1921) studied the effect of the
hydrogen ion concentration on the growth of 40 specles of
bacteria. He found that pathogenic organlisms, such as
8. typhoss, were able to grow within a rather narrow range
of pH values. The limits for growth of §. typhoss were pH
6.2 to pH 7.6; of §. paratyphi, pH 4.5 to pH 7.8; and of
8. schottmuelleri, pH 4.5 to pH 8.0, It was shown by Healy
and Peter (1925) and more precisely by Sharp and Powell
(1931) that a pH 7.5 existed in fresh egg white, whereas
after storage this value rose to pH 9.5. Experiments on
the effect of pH ranging from pH 5.3 to pH 10.6, on the

germicidal action of egg white were performed by Sharp and
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Whitaker {1927). The organisms used in their studies in~
cluded B. subtills, Ps. fluorescens, Serratia marcescens,

Proteus vulgaris, E. coll, B. megatherium, B. cereus, and

B. mycoides. Of this list, only B. subtills and B. mycoides
were inhibited by egg white which had a pH 8.5 or lower.
Egg white with pH 9.5 or above inhiblted the organisms to
the greatest extent.

The reductlon in hydrogen ion concentration is pri.
marily due to diffusion of carbon dioxide from albumen
during storage. In order to maintain the white of the egg
at 1ts original hydrogen ion concentration of pH 7.9,

Moran and Smith (1936) reported that the storage atmosphere
should contain 2 to 3 per cent carbon dioxide at 0° C.,

3 to 4.5 per cent carbon dloxide at room temperature and

6 per cent carbon dioxide at 38° C. Moran (1934)
demonstrated the efficlency of carbon dioxide in inhibiting
the growth'ef molds during storage of egzs. Later, Moran
(1937, 1938) stated that when present in the atmosphere,
carbon dioxide in any concentration retarded mold growth
on eggs. On the other hand, Kaess (1943) reported that a
concentration of 50 per cent carbon dloxide was necessary
to prevent the growth of microorganisms on the surface of
the shells of eggs, and a concentration as high as 70 per

cent carbon dloxide was rsqu&rad‘ta maintain all of the eggs
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in an edible condition. The diffusion of carbon dioxide in
and out of eggs results in two reactions: the presence of
carbon dioxide inhibits microorganisms, while, as the carbon
dioxide diffuses out of the egg, the pH rises, and hence
bacteria are inhibited due to the resulting alkaline condi-
tion of the egg white.

The growth of some bacteria in egg white is inhibited
due to the inabllity of those bacterla to utilize for their
nutrition the native proteins that are present. Bainbridge
(1911) observed that proteclytic organisms were unable to
grow in a pure crystalline egg albumen medium. Rettger
et al. (1916) stated that coagulated egg albumen was
attacked by organisms possessing strongly proteolytic

enzymes, but not by bacteria such as E. coll or Micrococcus

pyogenes var. gureus. Haines (1939) made an extensive
survey of the literature on the resistance of native pro-
telns to bacterisl attack. He stated that native proteins
are very resistant towards enzymic breakdown. Haines (1937)
observed that little decomposition of native eggz albumen

occurred when inoculated with a culture of Clostridium

histolyticum; however, heat denatured albumen was rapidly
attacked. It seemed to be the opinion of Halnes that a
supply of simple compounds was required by bacterial cells
before they could elaborate thelr enzymes, hence the bacteria
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were unable to attack native protein but could attack the

denatured protein.

3. Egg breaker and utensils

The individuals involved in the breaking of shell eggs
provide a means for producing bacterial contamination of the
liquid egg. Pennington (1912) and Zagaevaky and Lutikova
{1944a) stated that, when the workers' fingers became wet
with egg materdal, a source of nmicroorganisms was acquired.
Then %too, human carriers of pathogenlce organisms could
contaminate the egg with these bacteria during breaking.
Juenker (1945) reported the isolation of four Salmonella

types from one carrier. Although examination of perscnnel
will reveal any permanent carriers, the detection of
temporary carriers may prove difficult.

_ Pennington (1912) observed that utensils used in the
breaking plant were heavily seeded with mlercorganisms,
especially after an undetected contaminated egg had been
broken out. Data presented by Zagaeveky and Lutikova
{(19443) showed that continuous use of equipment for several
hours promoted considerable bacterial contamination of the
product., They concluded that the main sources of con-
tamination of the liquid were the implements and vessels
used in the breaking operation. They suggested that chlorine
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might be used to reduce the amount of bacterial contamina-
tion of liquid egg.

It was reported by McFarlane et al. (1945) and Ayres and
Slosberg (1949) that pumps, sanitary lines, storage vessels
and drying pans contalned large numbers of mleroorganisms and
hence albumen was contaminated during the drying process.
Proper sanitary precautlions were necessary to eliminate

these sources of organisms.

k. Removal of glucose

The removal of glucose from egg white prior to drying
has been found to be necessary for the production of stable,
dried albumen. Some of the procedures which have been used
for the removal of glucose from ligquld egg white include
spontanecus fermentatlon, fermentation by the addition of
specific bacterial or yeast specles, and the addition of
enzymes .

The spontaneous fermentation of the glucose present in
liquid albumen was described by Blomberg (1932), Mulvaney
(1941), Stewart and Kline (1941) and Watts and Elliot (1941).
In this type of fermentation, the glucose in liquid egg
white ls fermented at room temperature by naturally occurring
microbial contaminants. Stuart and Goresline (1942a) re-~
ported that during fermentation, bacteria increased to

counts of over a billlion per ml. regardless of the number
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initially present. For example, egg white that contained
ankarganisma per cc. before fermentation was found to
possess 3.3 x 10® organisms per cc. at the end of the fer-
mentation period; an initial count of 1.5 x 10° per cc.
increased during fermentation to 3.7 x 10° organisms per cc.
They isolated bacteria from eight commercial lots of
fermenting egg white and found that bacteria of the genera

Aerobacter and Escherichia were present in such predominat-

ing numbers that other types of organisms were practically
excluded. They also isolated Proteus, Serratia and

Pseudomonas from the fermenting egg whilte.

Using a selected strain of A. aerogenes, Stuart and
Goresline (1942b) found that the rate of fermentation was
directly proportional to the amount of the inoculum. They
studied fermentations made wlth selected strains of

Serratia marcescens, Proteus sp., and Ps. seruginosa.

These orgenisms did not decrease the glucose content of
albumen as rapidly as did elither A. aerogenes or E. freundiis
also, the fermentatlons were chargcterized by strong
proteolytic action. Bollenback (1549) inoculated egg

white with A. serogenes and incubated this mixture at 40°C.
for from 4 to 6 hours. She reported that more than a
billion organisms per ml. of egg white were present during
the fermentation period.



Kaplan et al. (1950) used resting cells of
Streptococcus lactis to ferment egg white., They reported
that this type of fermentation was rapid and that 1t
eliminated the possibllity of microbilological contamination

that was associated with the preparation of mother cultures
used in other bacterial fermentations.

In another type of controlled fermentation used for
the removal of glucose, yeast is incculated inte the raw
liquid albumen., It was reported by Hawthorne and Brooks
{1944) that a reduction in the glucose content of egg white
from 0.5 to 0.05 per cent and 0.09 per cent respectively,
oceurred in two trials where they used an inoculum of 1 per
cent Saccharomyces apiculatum culture and incubated the
material for 3 hours at 37° ¢. The rate of glucose removal

by Saccharomyces cerevisise was influenced by several

factors such as the pH of the liquid egg white, the amount
of inocula, the surface/volume ratio, added growth factors,
and serial fermentations, according to Ayres and Stewart
(1947). These workers reported that glucose could be re-
moved from egg white in 2 hours when an actively growing
yeast and added yeast extract was used.

Hawthorne (1950) carried out the yeast fermentation
procedure at 10° €. and believed that at this temperature
bacterial multiplication would be negligible. After
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fermentation, he removed the yeast cells by means of cen-
trifugation, thus eliminating the undesirable yeasty flavor
sometimes associated with yeast fermented albumen.

A review of the discovery, purification and action of
the enzyme glucose oxidase was presented by Baldwin et al.
(1953). Glucose oxidase catalyzes the reaction between
glucose and oxygen to form gluconic acid and hydrogen
percxide. Addition of catalase to glucose oxidase by the
Vita~-Zyme laboratories formed the enzyme complex "Deoxy-
genase"', The reason for adding catalase was to break down
hydrogen peroxide to form water and oxygen. Another term
used to designate this enzyme complex is Glucatase®. Pro-
cedures for the use of the enzyme complex for the removal of
glucose from egg albumen have been outlined by Baldwin
et al. (1953), Carlin and Ayres (1953), Pfizer (1953),
Scott (1953) and Snyder (1953).

According to Baldwin et al. (1953) and Snyder (1953)
enzyme treatment is conducted under conditions unfavorable
to microblial development, inhibition of microorganisms
being due to the presence of hydrogen peroxide.

*Produced by Takamine Laboratories, Clifton, N. J.
2rrademark of Chas. Pfizer and Co., Brooklyn, N. Y.
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of egg white at 56° ¢. for 1.6 minutes killed more than 99
per cent of the total bacterial load and all of the coli~
form bacteria. Ayres and Slosberg (1949) found that flash
pasteurization of liquid albumen at 59.4° C. destroyed any
viable Salmonella. -
Much attention has been given to the pasteurization
of liquid yolk and of liquid whole egg. Van Oijen (1940)
suggested heating liquid egg to 65° C. for 20 minutes to
deatroy organlsms of the paratyphold and enteriditis groups
which are commonly found in duck eggs. To rid liquid whole
egg of coliforms, Gibbons et al. (1946) found that 30
minutes was the shortest time possible for vat pasteuriza-

tion at 60° C. They observed a 99 per cent reduction in
bacterial count by using flash pasteurization at 57° C.
Winter et al. (1946) reported that pasteurization destroyed
pathogenic bacteria, especially those belonging to the
genus Salmonella. In a study reported by Goresline et al.
(1951) it was shown that flash pasteurizatiori of liquid
whole egg at temperatures as high as 63° C. was not
sufficlient to destroy all organisms of the genus
Salmonella; however, pasteurization at 60° C. with a
holding period of 3 minutes was sufficlent to produce a
product from which no Salmonella were recovered.

Solowey et al. (1948) tested 91 cultures of Salmonella
and observed that in liquid whole egg at 58° C., the time
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required to reduce the number of bacteria by one log cycle
ranged from 0.48 to 0.91 minutes.

Although primarily intended to lower the moisture con-
tent of liguid egg, the preheater has also been found to be
effective in eliminating Salmonella from powdered whole egg
due to the heat lmposed upon the liquid egg. In some
instances, however, when liguid egg was passed through a
prehegater before spray drying, there were significant in-
creases in the bacterial population. Johns (1944) found
that, in such cases, material adhered to the walls of the
preheater tubes and established a nucleus of infection.
Multiplication of organlsms also cccurred in preheaters at
temperatures below 57° €. This work was confirmed by
McFarlane et al. (1945) who suggested that consideration
should be given to whether the preheater was to be used
merely to warm the liquid egg or primarily for
pasteurization purposes.

In his work with high quality egg powder, Schneider
(1946a) isolated Salmonella from 13 of 797 lots of whole
egg spray dried with the ald of & preheater, and from 19
of 104 lots processed without the use of the preheater.
Schneider (1946b) reported that during commercial pro-
cessing only one isolation, a culture of $. pullorum, was
made from 45 gpecimens of preheated liquid egg. More
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recently, Schneider (1951) stated that it was only when the
liquid egg was preheated to a minimun of 60° C. prior to
spray drying that organisms of the genus Salmonella were
reduced in numbers to the extent that thelr isolation from
egg powder became a rarity.

Anellis et al. (1954) and Osborne et al. (1954) studled
the heat resistance of several specles of Salmonella. They
found that of the organisms studled, 8. pullorum WRRL 3083
was the least heat resistant and 8. senfienberg 7T75W was
the most resistant to heat. Ten specles of organisms be~
longing to the genus Salmonella were isolated by Osborne
et al. (195%) from dried whole egg which had been pasteur-
ized. They found that these organisms were no more heat
resistant than were ordinary strains and suggested that
their presence in the powder could have resulted from
improper operation of the pasteurdizer, heavy original
contamination, or recontamination after drying.

3. Dehydration

The review by Rahn (1945) discussed the effect of
desiccation on haakarial‘@alla. According te his article,
bacteria survived fairly well when dried in culture media
such as broth or milk, while bacteria dried in a suspension
of water have only & very small percentage of survivors.
According to Rahn the severity of the drylng process on
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bacterial cells 1s reduced by the presence of protelns which
act as protective collolds. He also observed that the effect
of desiccation on the death of bacterial cells depends upon
the species of bacteris being dried. 3tark and Herrington
(1931) found that Streptococel sp. tolerated desiccation
much better than did E. coll or Lactobacillus acidophilus:

yeast and micrococcl showed intermedlate tolerances.

The temperature at which eggs are dried is an lmportant
factor in the determination of the quality of the powders
the lower the drying temperature, the better are the physi-
cal qualities, but the greater is the survival of bacteria.
It was shown by Gilbbons and Fulton (1943) that a decrease
of 4° or 15° ¢. in the temperature of the exhaust air from
a spray drier was accompanied by a 3~ to 5-fold increase
in the number of bacterisa in the powder. Bartram (1943)
reported reductions of 63.7 per cent and 88.1 per cent in
the bacterial count due to the effectd drying whole egg.
Using an air outlet temperature of 66° C., Gibbons and
Moore (1944b) observed a reduction in total viable count
of 81.5 per cent and a reduetion in number of $. bareilly
of 99.99 per cent. At an outlet air temperature of 60°
to 66° C. the total viable count was reduced 64.6 per cent
while the count of 8. manhattan was reduced by 99.99 per
cent, McParlane et al. (1945) found that an average of
35 per cent of the bacterial cells present in llquld whole
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egg were killed during the drying process. Usling an experi-
mental spray drier with the average inlet air temperature of
116" ¢. and the average outlet air temperature of 65° C.,
Brown and Gibbons (1950) reported the following per cent
reductions in the count of organisms: total, 97.173 coli-
forms, 99.93; E. coli, 100.0; §. bareilly, 99.98; and
Streptococcus faeecalis, 59.09. Hirschmann and Lightbody
(1947) found that 99.9 per cent of the cells of PFs.
fluorescens inoculated into liquid whole egg did not survive
lyophilization of the egg.

A review of the literature revealed no reports concern-
ing the reductlon in numbers of organisms due to pan drying
of liquid albumen.

4, Storage

a. Air. According to Rahn (1945) dry bacterial cells
display no life functions, theilr enzymes are not sctive,
and even endogenous catabolism ceases. Rahn stated that
death of dried cells 1s due to oxldatlon rather than heat
since dry proteine do not coagulate and dry enzymes retain
their activity. Bacteria in the dried state die more rapidly
as the temperature ls elevated due to an increase in the
rate of oxidation.

Orr and Moore (1953) inoculated 8. &hllinarmm,ﬁn ¢loth
and then stored this cloth in the dark at room temperature.
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The organism remalned viable for as long as 228 days. In
addition, S. gallinsrum remained viable for 88 days in water
at room temperature.

Commercially dried whole egg powder was stored at 1° C.
for 18 months by Stiles and Bates (1912). One-third to
one~half of the number of micreoorganisms originally present
in this agg powder survived the storage periocd. Goresline
et al. (1943) reported that, at temperatures below 7° C.,
there was little or no change in the viable count during the
storage of dried whole egg. When egg powder was stored at
temperatures above 7° C., the per cent of survivors was
inversely related to length of storage. It was found by
Johns (1944) that at 4° €., the bacterial counts showed no
appreciable changej at 21° C. a moderate decline was noted
in 2 daysi and at 30° to 32° C. a sharp reduction was noted
after 1 day of storage. A decrease of 56 per cent in the
total counts was observed by McFarlane et al. (1945) when
dried whole egg was stored for 6 days at 16° €. Hartsell
(1944) reported that Escherichia, Aercbacter, Proteus, and

Pseudomonas did not survive in spray dried whole egg powder
for long storage periods.

Dried whole egg powder was stored at 10° and 21° C.
by Brown and Gibbons (1950). They reported that at 21° C.,
the coliforms and Salmonells dled rapldly and could not be
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detected after 2 weeks of storage. However, the number of
enterccocel had decreased only slightly by 12 weeks of stor-
age. At 10° €., the counts of Salmonelle and coliforms
dropped to less than 1 per gram after 4 and 6 weeks of
storage, respectively. The enterococcl were stlll present
in almost undiminished numbers after storage for 18 weeks.
Hirschmann and Lightbody (1947) observed that when whole
egg powder inoculated with Ps. fluorescens was stored at
35° €. for 2 weeks, 99 per cent of the inoculated cells
falled to grow.

According to Wilson (1948) Salmonella remalned viable
for several months in dried whole egg powder stored at 27° C.
On the other hand, the results of Ayres and Slosberg (1949)
showed that dried albumen could be stored at elevated

temperatures for a period sufficient to destroy Salmonella
without aar&&uﬁ&y affecting the functional properties of
the powder. Storage at 49°, 54°, or 57° €. for 20, 8 or
4 days, respectively, freed the products of these organisms.
b. Carbon dloxide. Work regarding the use of carbon
dioxide to retard the growth of meolds in shell eggs during
storage was mentioned previously.
Several workers have investigated the use of carbon
dloxide in the atmosphere of storage of foods. Thistle
et al. (1944) found that solubility was retained better
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when dried whole egg powder was stored in carbon dioxide
(97 to 98 per cent) than when it was stored in air. With
shell eggs, Sharp and Stewart (1931) reported that
deterioration was delayed if a little carbon dioxide was
added to the storage atmosphere.

Brooks et al. (1936), Allen and Smock (1937) and
Gerhardt (1939) observed that fruits and vegetables stored
in an atmosphere containing carbon dloxide showed less fungal
growth and decay than frults stored without added carbon
dioxide. The work of Qgilvy and Ayres (19%5la, 1951b, 1953)
showed that multiplication of bacterial cells was inhibited
when meats were stcored in carbon dioxide.

The rate of death of §. typhosa was increased three-fold
when 3 volumes of carbon dloxlde were added to water
(Shillinglaw, 1941). Thus, carbon dioxide was an effective
inhibitor of bacterial growth.

¢. Ethylene oxide. The gaseous compound, ethylene
oxide, is primarily used as a chemical intermediste according
to McClellan (1950). The use of this compound in the food
industry for controlling microorganisms was reported by
Kirby et al. (1936). Yesair and Cameron (1938) and Hall
(1938, 1951) discussed the effectiveness of ethylene oxide
for the sterilization of spices and Lorenz et al. (1950) used
the gaseous substance in the fumigation of shell eggs.
Thermophilic organisms could, in most cases, be eliminated
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No reports were observed concerning the destruction of
Salmonella during the baking of products contalning dried

albumen.

6. Antiblotics

Antibiotics have been used primarily as remedial agents
for infectious diseases of humansj however, these anti-
bacterial substances have been found to be useful in many
other ways, including the control of animal diseases, growth
stimulation of animals, control of plant diseases (blight,
crown gall, scab), treatment of seeds prior to planting,
growth of plants, isolation of bacterial mutants and
preservation of foods.

Perhaps the earliest work in which the preservative
action of antiblotics was tested was that reported by
Curran and Evans (1946). These workers evaluated penicillin
as a preservative in milk; however, the results did not
indicate that mich benefit was derived from the use of this
antibacterial substance. Burroughs and Wheaton (1951) re-
ported that in 1946 they attempted to use penicillin to aid
in the preservation of canned corn. All of the resultant
cans swelled and this work was therefore discontinued.

Andersen and Michener (1950) reported that subtilin,
in combinatlon with mild heat treatment, exerted a preserva-
tive effect in canned vegetables. 8ince thls work was reported,
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many publications have appeared in the literature concerning
the use of this antiblotic. Adams et al. (1951, 1952) re-
ported that a high level of subtilin and a relatively drastic
thermal process were required to inhibit spores in beef.

Burroughs and Wheaton {1951) reported the results of
tests of using antiblotics in preserving canned food. The
antibiotics used included subtilin, germicidin, bacitracin,
and streptomycin. None of these antibiotics, except

" subtilin, controlled the natural bacterial flora of

vegatablea‘ Subtilin, in a concentration of as high as 80
ppm., permitted 100 per cent spoilage of inoculated packs.
Subtilin, when used in tomato Julce, appeared to inhibit
flat-sour spoilage. Bohrer (1951) and Olcott (1951) re-
viewed‘tha work concerning the use of subtilin in canned
foods and came to the conclusion that this antiblotie did
not prevent the growth of the usual spoilage types of
organisms found in low=~-acld canned foods.

Godkin and Cathcart (1952) reported that aureomycin
(0.6 to 1 ppm.)or terramycin (0.6 to 1 ppm.) effectively
retarded the growth of M. pyogenes var. aureus in
custard. On the other hand, bacitracin (40 toc 60 ppm.),
ehloromycetin (4 to 5 ppm.) or streptomycin (4 to 5 ppm.)
did not inhibit this pathogenic organism in custard.
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Work by Cahill et al. (1952), Goldberg et al. (1953)
and Weiser et al. (1953) using antibiotics to preserve fresh
meat, Kohler et al. (1955), testing the preservative action
of these substances for poultry and Tarr and Deas (1948)
and Tarr et al. (1952), attempting to preserve fresh fish,
has indicated that antibiotics, especislly aureomycin
were effective in inhibiting growth of spoilage organisms.
Some beneficial aspects were derived from terramycin and
chloromycetin (Goldberg et al., 1953).

In general it appears that antiblotics such as
chlortetracycline, oxytetracycline, streptomycin and
chloramphenicol show promise of being able to inhibit the
reproduction of microorganisms in foods, The ultimate use
of these substancesz as food preservatives will depend upon
future decisions of the Food and Drug Administration. The
present opinion of thils federal agency was stated by Hobby
(1953, p. 1077), and is as follows:

Direct or indirect additign,of anuibiatia a

and Drug Adm TS ETa Ton has raeaivad inquiries

concerning the use of antiblotic druge as food
preservatives. Careful consideration has been
given to this question and the conclusion has
been reached that such use constitutes a public-
health hazard. Consumption of food so treated
may cause sensitization of the consumer to such
antiblotics and may result in the emergence of

strains of pathogenic microorganisms resistant
to these drugs.
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(b) The presence of antibiotic drugs in foods in-
tended for human consumption, or the direct or
indirect addition of such drugs to such foods,
may be deemed an adulteration within the meaning
of section 402 of the Federal Food, Drug, and
ﬂgs?atia Act (Sec. #02, 52 Stat. 10463 21 U.8.C.
342).

D. Processes Affecting Functional and Physical
Properties of Dried Albumen

1. General

Dried albumen 1g used in products such as angel cakes,
nougat creams, lcings, meringues, and marshmallow whips,
because of its ability to form a stable foam. Some of the
measurements that have been used experimentally to indicate
the ability of albumen to be whipped include the beating
rate, the specific gravity of the meringue, the stability
of the foam and the velume of angel cakes. Owing to the
use of dried albumen, its solubility is an important pro-
perty to be considered. Other measurements that are used
to determine changes include pH, fluorescence and moisture
content of the dried albumen.

As mentioned pbeviously, processes such as fermenta-
tion, pasteurization, drying and storage alter the
microbliological population of albumen. The effects of



these processes upon the functional and physical properties
of dried albumen are discussed in the following section.

2. Removal of glucose

It was believed by Balls and Swenson (1936) that the
chief functilon of fermentation of egg white was to thin the
thick albumen and subsequently to increase its whipping
property. Therefore, they used trypsin to reduce the
viscosity of natural albumen to that of fermented albumen.
However, they found that the trypsin-treated albumen
darkened and became insoluble after storage.

The role of glucose in the deterioration of dried
albumen was demonstrated by Stewart and Kline (1941). These
workers compared the properties of dried albumen prepered
from a fermented liquid egg white with those prepared from un-
fermented liquid white. When stored at 40° C., the latter
showed a progressive change in color from pale yellow to
dark brown and became relatively insoluble within 2 weeks.
The fermented sample, however, diaplayed no change in color
or in solubility during 12 weeks of storage at 40° €. The
effect of glucose was demonstrated again by adding glucose
to the fermented product. As with albumen not subjected to
fermentation, this product turned dark and became lnsoluble
after storage.



It was shown by Stewart et al. (1943) that dried albumen
stored at 50° C. and containing 0.4 per cent glucose de~
creased in solubility during a 2 week period, while a
fermented sample held under the same conditions retalned
its solubility. Stuart and Goresline (1942b) stored
glucose~free albumen for 4 months at room temperature with-
out causing a change in its original colori however, an
unfermented sample darkened and became insoluble.

The effect of glucose on the color and solubility of
dried slbumen was also demonstrated by Hawthorne and Brooks
(19484). They fermented a sample of albumen with yeast to
a glucose content of 0.05 per cent, and, after drying,
stored it at 46° C. This sample retained its color and
solubility for 2 weeks, while a dried sample of untreated
albumen containing 0.55 per cent of glucose lost 62 per
cent of lts solublility during this period.

Carlin and Ayres (1951) compared the color stability
of dried albumens and observed that, after 2 weeks of stor-
age at 40° C., a definite orange color was evident in an
unfermented sample, whereas the color of yeast-fermented
samples had not changed. The color of the unfermented
albumen was a deep brown after 6 weeks of storage, while
the fermented product showed no visible color change even
after 5 months of storage at 40° C. They observed also
that the beating rate was mailntalned much better in the
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fermented sample than in the unfermented product. Angel
cakes made from unfermented albumen stored at 40° C. for

2 weeks showed a 25 per cent decrease in volume but angel

cakes made with fermented albumen showed only a 5 per cent

decresse in volune.
3. Pasteurlzation

Gibbons et al. (1946) reported that, except for a
tendency to pack and to become aiightly less soluble, there
was little ér'aa difference between the original and the
keeping qualities of whole egg powders prepared from un-
pasteurized and from vat paaﬁauri@ed liquid egg.

According to Hanson gg_giﬁk(19&7), pasteurization
exerted no harmful effects on the custard-making properties
of whole eggs. However, they reported that sponge cakes
made from whole egg samples pasﬁauria&d in the range of 60°
to 68° €. had volumes approximately 4 per cent lower than
those of sponge cakes made from control samples. Also,
cakes made from egge pasteurized at 71° €. had volumes
approximately 8 per cent lower than those of aponge cakes
produced from controel samples. ~Cakes in which pasteurized
egg was Incorporated were somewhat less desirable in texture
and shape than were cakes made from control samples of egg.

Using consistency, stabllity, and palatability of the
stored mayonnaise as coriteris of quality, Miller and
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Winter (1951) observed that pasteurization of whole egg and
egg;ywlk for 4 minutes at temperatures ranging from 60° to
63° ¢. did not ilmpair their value for making mayonnalse.

Wilkin and Winter (1947) reported that pasteurization
of albumen at 57° C. adversely affected the beating time and
decreased the stabllity of the resulting foam. However, no
data were presented to support this statement.

Changes occurred in the appearance and viscosity of
egg white when the material was heated above 58° C., accord~
ing to Payawal et al. (1946). It was shown by Barmore (1936)
that heating egg white to 60° C. decreased the stabllity of
foams produced from thls product.

Slosberg et al. (1948) reported that there was a gradual
decrease in the beating rate of egg white while it was belng
heated to 59° C. and heating above this temperature caused
a rapid decrease in beating rate. They found that heating
of the egg white had a greater effect upon the beating rate
than on angel cake volume.

Bernard et al. (1948) showed that at temperatures above
59° C. egg white lost its beating properties and cake-making
properties very rapidly. They reported that lowerlng the
pH increased the stabllity of albumen toward heat. Bernard
et al. (1948) and Slosberg et al. (1948) suggested that
protein denaturation was responsible for the loss in
functional properties of the heated egg white.



nj(agm

4, Dehydration

Some of the properties of egg albumen are, by necessity,
changed by the removal of waterj one of the most important
of these properties is the abllity of albumen to be whipped
into a stable foam. It was belleved by Parsons and Mink
(1945) that egg white could be concentrated to 60 per cent
sollds, but not to dryness, and still retain its angel
cake-making properties. However, Hanson (1045) was able
to concentrate egg white to 92 per cent solids by
lyophilization without causing noticeable changes in the
angel cake-making properties of the reconstituted product.
Also, Slosberg (1946) lyophilized egg white to 95 per cent
solids and observed little change in its beating power,
although when liquid albumen was pan-dried at 40.5° to
46° C,, an inferior product was obtained. Bollenback (1949)
pan-dried albumen at temperatures below 40° C. 8he found
that drying of liquid egg albumen at these temperatures
caused no significant effect on the volume of angel cakes
made from the reconstituted material.

With egg white dried over phosphorus pentoxide, Smith
(1935) found that the reconstituted product was similar in
appearance to fresh white, since the thick and thin portions
reappeared in almost thelr initlal proportions.
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It was concluded by Bergquist (1951) that spray drying
of egg white resulted in a definite loss of whipping ability.
He belleved that this loss was due to atomization of the
egg white, and not to the drying of the droplets. He found
that the loss in beating power due to spray drying was
partially reversible by storage of the dried product.

5. 8torage

Some of the reasons that egg white is dried include:
the suitebility of the dried product for prepared mixes, the
resistance of the dried product to the reproduction of
organisms, and the ease of handling and shipping the driled
product. Dried albumen can be stored more conveniently
than can either ligquid or frozen albumen. Some of the
factors to consider when dried egg is to be stored are:
the moisture content of the powder, the temperature and
duration of storage and the atmosphere in which the product
is held.

a. Moisture content. It was reported by Barker (1933)
that the denaturation rate of partially dried egg white

was greatly reduced by decreasing the water content.
Bumzahov {1944) showed that denaturation was less
likely to occur when the molsture content of egg white
was less than 30 per cent. When dried
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albumen, containing "very little moisture", was heated to
80° €. for 4 hours, the solubility was lowered by only 8
per cent.

Samples of flake albumen were powdered and adjusted to
levels of from 8.4 per cent to 1.5 per cent molsture by
Stewart and Kline (1941). After 23 weeks of storage at 40°
C. the difference in solubility between the samples was
negligible, but after 61 weeks, the high-moisture sample
was only two-thirds as soluble as was the low-molsture
sample. Best (1944) stored albumen samples containing as
much as 10.6 per cent or as little as 2 per cent moisture
at 60° ¢. The solubllity of albumen with 10.6 per cent
moisture decreased rapidly reaching a minimum after 65
hours. The 2 per cent molsture &ample, however, retalned
90 per cent of its original solublility at this time. Kline
(1545} found that the effect of the moisture content of
dried albumen on the solubllity during storage was quite
evident, especially in the range from 10 per cent down to
2 per cent molsture. It was reported by Ayres and Slosberg
(1349) that the amount of moisture in albumen samples
affected the solubllity when the albumen was subjected to
heat.

b. Tempersture. Stewart and Kline (1941) stored
dried albumen produced from unfermented liquid egg white,

and reported that, as the temperature of storazge increased
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from room temperature to 40° C. the time required to produce
adverse effects upon the solubllity of the dried product
decreased from 10 weeks to 2 weeks. Yeast-fermented dried
albumen was stored at room temperature and at 40° C. by
Carlin and Ayres (1951). After 16 weeks of storage at roonm
temperature, there was no detectable change in angel cake~
making properties, while storage at 40° ¢. for only 2 weeks
caused a 5 per cent decrease in the volume of angel cakes
made from this praﬁuct. After this initial loss, however,
no further change was noted at 3, 4%, %, 6 or 8 weeks of
storage. However, angel cakes made from the dried albumen
after 12 weeks of storage at 40° C. showed an additional
loss of 5 per cent in volume.

Ayres and Slosberg (1949) reported that the functional
prapertiés of dried albumen deteriorated slowly at room
temperature. Changes in scolubility and beating rate in-
creased directly with Increased storage temperature; beating
rate was retained for 3 weeks at 49° C., for & days at
54° C., and began to decrease after 4 days at 57° C. Ayres
and Slosberg obtained similar results using solubllity as
the criterion for measuring the changes in stored dried
egz white. |

c¢. Length of storage period. The length of time that

dried albumen can be stored with no adverse effect is

dependent upon such factors as the glucose content, the
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moisture content, and the temperature of storage. Any one
of these factors can affect the shelf-life of the product.
It has been sugzested by Kline (1945) that albumen could be
stored for as long as 2 years with no loss of functional
properties 1f the moisture content were low (1.3 per cent)

and the temperature of storage were 30° C. or lower,



ITI. METHODS AND MATERIALS

4. Preparation of Dried Albumens

1. Pan-dried albumen

a. Source of liquid egg white. Fresh eggs were

obtained from the Iowa State College Poultry Farm and broken
and separated by the use of a commercial breaking tray and
separater. After separation, the whites were blended in a
Waring Blendor at 50 volts for 60 seconds as described by
Carlin and Ayres (1951).

b. Adjustment of gg. In ardef to lower the pH of the

liguid albumen, 5 per cent hydrochloric aclid was carefully
added; to ralse the pH, ammonium hydroxide was used. pH
was measured by means of a Beckman pH meter (model H).

¢. Removal of glucose. The blended whites were placed

in a beaker, adjusted to pH 7.3 and then treated with an
enzyme complex, 'Deoxygenase",* to remove the glucose. The
method used was that described by Carlin and Ayres (1953)
except that Iin some trials 0.12 gram of driled enzyme complex
was substituted for 1 cc. of the liquid form. Treatment was

tProduced by Takamine Laboratories, Clifton, N.J.
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continued until the test for residual glucose by the rapid
plate method (Bollenback, 1949) showed that insufficient
glucose was present to give the browning reaction.

d. Pan drying. The methods and materlals used for pan
drying were similar to those described by Carlin and Ayres
(1951).

e. Milling and screening. The dried albumen was re-
moved from the trays and milled in a ball mill until
particles were small enough to sift through a 100-mesh
screen. The dried product was stored in a refrigerator at
4* ¢, until used.

2, Spray dried albumen

a. Source of liquid egg white. Spray dried egg white

was acquired from two commercial installations. In Plant A
the source of the liguid albumen was not known, while in
Plant B frozen albumen was used.

b. Removal of glucose. In Plant A, the egg white was
adjusted to pH 6.2 with lactic acid and fermented with
bakers! yeast for 16 hours. The method used to check

residual glucose was that described by Somogyi (1945).

In Plant B, the liquid egg white was adjusted to pH
7.0 with lactic acid and the glucose was removed by treat-
ment with the enzyme complex, "Deoxygenase’, until a
negative Somogyl test was obtained.
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¢. Spray drying. In both commercial plants the liquid
white was dried in a pilot plant spray drier. In Plant A,
the inlet alr temperature was about 135° C. and the outlet
air temperature was approximately 68° C. In Plant B, the
inlet temperature was 77° to 92° €. and the outlet tempera-
ture was 51° to 60° C.

In Plant A, the driled powder was caught in a cloth
screen and hence subjected to the heat from the warm air
during the entire drying run. The spray drier in Plant B
was equipped with a so~-called "cyclone collector”, so that

the powder was not subjected to prolonged heating.

B, Microblological

1. Salmonella

a. Organisms used. The followlng organisms were

employed in the experiments reported herein: 8. paratyphi
(ISC 8A24; group A), 8. bredeney (WRRL'4393; group B),

8. typhimurium (WRRL 5982; group B), $. oranienburg (ISC
849 and WRRL 62663 group C), 8. pullorum (ISC 8A26 and

~ WRRL 3083; group D), S. anatis (WRRL 5343; group E), S.
senftenverg (WRRL 775W; group E), 8. give (WRRL 5392
group E) and 8. worthington (WRRL 4661; group F).

‘Western Regional Research Laboratory, Albany, California.
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b. Enrichment broths. Tetrathionate (Difco), Selenite-
F (BBL) and Ruys' medium* were the enrichment broths used in
the experiments wherein the broths were compared.

The following procedure was used to determine the
ability of enrichment fluids ¢to support the growth of
Salmonella. A 24-hour broth culture of a single species of
Salmonella was diluted 1:10,000 in saline. Two ml. of this
dilution were inoculated into tubes containing 18 ml. of
test broth sc that there were approximately 10,000 organisms
per ml. The inoculated tubes were incubated in a water bath
at 37° €. and sampled at O, 1, 2, 4, 8, 14, 24 and 36 hours.
These samplings were dlluted in sallne and three subsamples
were plated using nutrient agar as the substrate. The
inoculated plates were incubated for 2% hours at 37° C.
and colonles counted with the aid of a Quebec, Spencer
Darkfield Model colony counter.

For those studies wherein egg was incorporated into
the enrichment broths, 1 ml. of a 1:100 dllutlion of the
organism in saline was incorporated in 99 ml. of
homogeneous fresh whole egg suspension and mixed in s
Waring micro~blendor Jjar. A 2 ml. aliquot of this material
was introduced into the tubes of test broth and incubation,

sampling and enumeration were made as previously described.

1The dehydrated medium was supplied by Difco and listed
as Experimental Control Broth No. 410840.



-58-

¢. Selective agars. The agars employed in these
studies included Salmonella-Shigella (8S3 Difco), bismuth
sulfite (WB3 Difco), brilliant green (BGj Difco),
desoxycholate citrate lactose sucrose (DCLS; BBL) and
nutrient (NAj; Difco).

The method for testing agars consisted of the following
steps: (1) A 24¥~hour broth culture of a single speclies of
Salmonella was diluted in 1:1,000,000 in saline. (2) Three
subsamples of this dilution were plated with each test
‘agar. (3) The inoculated plates were incubated and counted
as previously described.

The procedures were repeated for each of the organisms
included in this study.

d. Growth of Saslmonella in liquid egg white. A 2k«
hour broth culture of S. genftenberg, 8. oranienburg or
S. pullorum was inoculated onto a nutrient agar surface and

incubated at 37° C. for 24 hours. Growth was washed free
from the agar, diluted 1:10,000 and inoculated into liquid
egg white adjusted to pH 6.0, pH 7.0, pH 8.0, pH 9.0 or
pH 10.0, as well as into nutrient broth. The tubes were
incubated at 30° C. (the temperature suggested for removal
of glucose) and sampled at 0, 2, 4, 8 and 24 hours. The
samples were diluted in sterile distilled water and the
number of Salmonella were estimated by spreading 0.5 ml.
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of the appropriate dilution onto a brilliant green sgar sur-
face in a Petri dish. After incubation for 24 hours at
37° C., the colonies of Salmonella were counted with the
aid of a Spencer colony counter.
e. Antiblotic studies. The antiblotic substances,

chlortetracycline (aureomycin), oxytetracycline (terramycin)
and streptomycin were utilized in these studies to ascertain
if these agents would retard the growth of Salmonellsa.

The antiblotics were dissolved in distilled water and
sterilized by means of & Seitz filter. After sterilization,
appropriate dilutions were made in sterile distilled water.

8. senftenberg, 8. oranlenburg or 3. pullorum were
grown on agar slants, the cells harvested and dilutions of
10°, 102, 10* or 10® were inoculated into test tubes con-
taining 8 mls, of sterile nutrient broth and 1 ml. of
antibiotic diluted sc that the tubes contained the following
amounts of antiblotic: 50, 25, 10, 5, 2.5, 1.0, 0.5, 0.25%
or 0.1 ppm. BEach of the three antibilotics were utilized
in this manner. Tests were run in triplicate.

After inocculation the tubes were lncubated at 37° C.
and observed for turbidity at 8, 16, 24, 36, 60, B84, 168,
336 and 504 hours. A turbid tube was considered positive
for growth of Salmonella. Control tubes, without anti-
blotic, were utilized to determine the numbers of Salmonella




inoculated and tubes without Salmonella were prepared to
determine the sterility of the media and antiblotic solu~
tions.

For those studlies wherein albumen was utilized, the
three species of Salmonella were grown and harvested as
described previously and 1 ml. of the appropriate dilution
of cells and 1 ml. of prepared antiblotic solution were
inoculated into tubes containing 8 mls. of liquid egg white
adjusted to pH 7.0, These prepared tubes were incubated
at 37° C. and the numbers of Salmonella were determined at
0, 3, 6, 12 and 24 hours by spreading 0.5 ml. of the
appropriate dilution of the sample onto a brilliant green
agar surface. After incubation of these plates for 24
hours at 37° €., the colonles of Salmonella were counted.

f. Enumeration in dried albumen. Enumeration of

Salmonella in dried albumen was accomplished by the method
described by Ayres (1949), except that, in using the most
probable numbers (MPN) technique, 5 tubes of Selenite-F
were employed for each serles instead of the 3 tubes
suggested. By means of this procedure it was possible to

detect as few as 0.18 Salmonella per gram.

2. Coliforms

In order to determine the number of coliforms in dried
albumen, the MPN technigue was employed. Lactose broth
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tubes (five per dilution) were inoculated with appropriate
dilutions of egg white and then incubated at 37° C. for 24
hours. Growth from those tubes showing gas formation was
streaked on plates containing lLevine's eosin methylene blue
agar (EMB) and these plates were incubated for 24 hours at
37° €. Typical colonies were considered positive and Gram
stains were made at intervals to check any colonles con-
sidered questionable. An estimate of the number of
coliforms was determined by comparing the number of positive
tubes with an MPN table (Hoskins, 1934).

3. Total count

The total count of organisms in the powder was obtained
by the MPN technique. Serial dilutions of egg white were
inoculated into tubes of lactose broth, using five tubes
per dilution and the tubes were incubated at 37° C. for 24
hours. Turbld tubes were considered positive. Those tubes
showing no turbldity were incubated an additional 24 hours.
After a total of 48 hours incubation, a loop of material
from each of the remaining tubes was streaked on nutrient
agar to determine the presence of organisms. The number of
positive tubes was compared with an MPN table to estimate
the number of organisms present in the albumen.



€. Storage of Dried Albumen

1. Moisture content

a. Determination. The moisture content of dried

albumen was determined by the vacuum oven method (A.0.A.C.,

1950).
b. Changing the moisture content. The dried albumen

obtained from the drier contained from 6 to 8 per cent
moilsture. In order to reduce the moisture content of the
albumen below this level the material was driled in a vacuum
oven at 30° to 35° C. To increase the moisture content,
the dried albumen was placed in a sealed box in which a
fan circulated air over a pan of water until the desired
moisture level was obtained.

c. levels of molsture. In preliminary experiments

moisture levels of albumen used were 4%, 8 or 12 per cent.
However, storage studies of albumens containing from 1.8

to 18 per cent moisture indicated that 3 per cent and 6 per
cent were critical molsture levels. In order to cempleée
the geometric series and remaln within practical limits,
levels of 1.5, 3, 6 or 12 per cent were used in subsequent

experiments.



2. Containers

Albumen of the desired moisture concentration was
transferred into sterile, 2-ounce, screw-capped Jjars which
were then sealed with tackiwax, These Jars of albumen were

stored in incubators at the selected temperatures.

3. Temperature of storage

Preliminary experiments indicated that storage of albumen
at 50° €. required extended time perlods to eliminate
Salmonella from the product. 8ince shorter time perlods
were desirable, higher temperatures of storage were neces-
sary. However, Meurer (1911) observed that when dried egg
was heated to 75° C. the solubility was reduced very rapidly;
he reported that heating to 70° C. did not result in drastic
changes. Therefore the temperatures of storage selected
for these experiments were 50°, 60° and T0® C.

4, Times for samplir

The storage tlimes used in this study were selected on
the basis of preliminary experiments using pan dried egg
white. The observed reduction in numbers of §. oranienburg
during storage of dried albumen at the selected tempera-
tures and molsture levels, was plotted against time of
storage. The llnes obtalned were extrapolated until,



theoretically, no 8. oranienburg would exist in the product.

In cases of long storage times, these intervals were sub-
divided to obtain a better estimate of the reduction of
bacteria during storsge. All samples were analyzed after
storage for O, 1 and 3 days so that comparisons could be
made between treatments.

During the experiments using spray dried egg white 1t
became evident that the number of Salmonella were reduced
at a faster rate than they were in the case of pan driled
albumen. Therefore, samples of spray dried albumen were
analyzed for the number of viable Salmonells after 0, 1, 2,
3, &, 5, 6, 8 and 9 days of storage.

5. Storage in ethylene oxide and/or carbon dioxide

Spray dried albumens inoculated with known numbers of

8. senftenberg, 3. ‘
6 per cent moisture were placed in 6-inch vacuum

orani or §. pullorum and containing
desiccators. By means of an Orsat~type gas analyzer the
alr in these desiccators was replaced with ethylene oxide
and/or carbon dloxide. Levels of 0, 25, 50, 75 and 100 per
cent carbon dioxide were used. To avold flammabllity of
ethylene oxide, carbon dioxide was comblined with this
compound g0 that the atmosphere in the desiccators was g0
per cent carbon dioxide and 10 per cent ethylene oxide.

By means of a reaction unit, described by Branham and
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Shepherd (1939), that was attached to the Orsat gas analyzer,
the per cent ethylene oxide was determined. The prepared
desiccators were stored in an incubator at 50° C. for 3 days,
at which time the enclosed gas was sampled and analyzed

for carbon diloxlide and ethylene oxide and the albumen was
sampled and gnalyzed for the numbers of viable Salmonella.

D. Functional Tests

1. pH

Albumen in the proportion of 27 grams to 73 ml. of
distilled water was reconstituted for 30 minutes. The pH
of this ligquid was measured by means of a Beckman pH
meter (model H).

2. Solubility

One and one-half grama of albumen were reconstituted
in 50 mls. of distilled water for 30 minutes in an
Erlenmeyer flask. The flask and its contents were shaken
50 times and the resulting suspension was filtered by
means of Whatman number 12 filter paper as outlined by
Stuart et al. (1942). Approximately 5 ml. of this
filtrate were accurately welghed into a tared 50 ml., beaker
and most of the ligquid was evaporated in a T70° C. incubator.



wHH -

The per cent solids was then determined by using the vacuunm
oven method (A.0.A.C,, 1950, p. 342).

e test

The two meringue tests used were those described by
Slosberg et al. (1948) and Carlin and Ayres (1951).

4,

el cakes

The procedure used to prepare angel cakes and measure
their volume was that described by Carlin and Ayres (1951),
except that the amount of cream of tartar in the recipe was
reduced from 0.90 to 0.23 grams.

E. Calculations

ta -~ 63

3.22 (log f - log 1)
(g = generation time, f = final number of organisms at time

tg, and 1 = initial number of organisms at time t,), the

Using the formuls g =

generation times were calculated.
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2. Death rate (velocity) constants

The velocity equation K = _1 log ( _1 ), (where
K = death rate, t = time in daya? i= 1ni$§a1 numbeyr of
cells, and £ = final number of cells) was used to calculate
the rate of death of microorganisms in drled albumen during

storage.
3. Quo values

The Q,, values (temperature cocefficients) were deter-
mined by using the formula Qo = .‘Kﬁ.. where Kz = death
Ky
rate at temperature Tp, K; = death rate at temperature T,.

%, Statlistical analysis

Use was made of snalysis of variance and correlation
coefficient determinations, as outlined in Snedecor (1946).
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IV. RESULTS AND DISCUSSION

A. Proliferation of Salmonella

1. Enrichment broths

Although some information is avallable in the literature
comparing the ability of enrichment broths to support the
growth of Salmonella, generally the comparisons are based
on gqualitative results rather than on quantitative estima-
tions. In Figure 1, the curves represent the growth of
eight species of Salmonella in each of the broths tested.
Using nutrient broth as the control medium, these curves
show that no single enrichment broth supported the growth
of all organisms as well as did nutrient broth during the
firat 8 hours of incubation. It can be seen that at 37° C.
the lag phase persisted for from 1 to alhours, and that the
logarithmic phase terminated at about 14 hours.

The calculated generation times are listed in Table 3.
In nutrient broth the range of generation times was 29
minutes for 8. worthington to 48 minutes for 8. pullorum,
with the average for the eight organisms being 34 minutes.

Knox (1945) indicated that growth of Bacterium

paratyphosum B (8. schottmuelleri) in broth was increased




Pigure 1. Growth curves of 8 species of
, Salmonella in various broths
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Table 3. Generation times of elght species of
Salmonella in vardous broths

Generation time in minutes

Broths
Organism Nutrient Tetrathionate Selenite-F_ Ruys

S. anatls 32 35 28 62
8. bredeney 32 38 33 31
S. give 31 27 30 93
8. oranienburg 31 33 39 184
8. paratyphi 31 .- 71 396
8. pullorum 48 66 52 88
8. typhimurium 31 33 33 75
8. worthington 29 28 21 67

Total 269 260 307 996

Average 34 37 38 125

two~ or three~fold if tetrathionate was added. With the
organisms used in this study, stimulation of growth was not
observed in tetrathlonate broth. Growth of 8. paratyphi

in this enrichment broth was definitely inhiblted; there were
fewer viable cells after incubation for 18 or for 36 hours
than there were immedlately after inoculation., This is
particularly undesirable since the obJect in using an
enrichment broth i1s to Ilncrease the number of Salmonella
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present. Since §. paratyphi dild not reproduce in tetra-
thionate, 1t was not possible to obtalin its generation time.
Excluding S. paratyphl, the generation times of the organisms
in tetrathionate ranged from 27 minutes for $. give to 66
minutes for §. pullorum; the average time for the seven
organisms was 37 minutes.

The principal obJjection to the use of 3Selenite~F was
that the numbers of viable cells decreased during the initial
incubation period. Anslysis of varlance was used to study
the decline in numbers of cells and, in the case of 8. anatis,
was found to be statistically significant (P = .0l). Since
destruction during the lag phase could subsequently result
in fallure to isolate organisms, reduction in viable count
is particularly undesirable in the case of samples with low
counts of Salmonella. The other organiams tested also
showed a decrease in numbers during the initial incubation
period. In most cases, logarithmlic growth ceased by 14
hours end, by 24 or 36 hours, the number of viable cells
began to decresse.

When the eight specles of Salmonella were grown in
Selenite-F, the generation times ranged from 21 minutes,
in the case of §. worthington, to 71 minutes for §.
paratyphi; the average ganaratian time of 38 minutes
compared favorably with the 37 minutes which were needed
in tetrathicnate.



In general, Ruys' medium was the least satisfactory of
those tested, since 1t induced an extended lag phase and
exerted inhibitive action on all of the organisms tested.

In the case of 8. oranienburg, the lag phase was so prolonged
that the original number of cells was not attalned during the
entire 36-hour incubation period. In Ruys' medium the
growth of 8. pullorum was similar to that of 8. paratyphi;

no decrease in their numbers was noted during the lag phase,
but only a slight incresse was nobted after incubation for

36 hours. Even though 8. typhimurium, S. gnatis, 3.
worthington, and 8. bredeney were inhibited during the
initial incubation period in Ruys' medium, the number of
viable cells compared favorably with the number found in

the other broths at the end of 24 hours of incubation. Only
in the case of 8. bredeney did the generation time in Ruys'
medium compare favorably with the generation times of these
organisms in the other test broths. 8. paratyphi had a
generation time of 396 minutes; this was the longest perlod
of time required for any of the organisms to reproduce in
any of the broths. For the eight organisms in Ruys' medium
the average generation time of 125 minutes was considerably
longer than was that observed In the other broths.

Under the conditions of this study, Selenlte~F,
tetrathionate or Ruys' medium did not support the growth of



elght specles of Salmonella as well as did nutrient broth.
Although tetrathionate supported the growth of most of these
species of Salmonella, it was definitely inhibitory to 8.
paratyphi. 3Selenite-F appeared to be satlisfactory; however,
during the initial incubation period, the inhibition of

5. anatis was statistically significant (P = .01). Ruys’®
medium inhibited all of the organisms during the initial
growth phase and, further, inhibited 8. paratyphi, 8.
oranienburg and $. pullorum during the entire period of

incubation.

2. Effect of adding whole egg to enrichment broths

The enumeration of Salmonells in substances such as
whole egg 1s often necessary; hence, information is desirable
regarding the effect of the addition of whole egg to the
broths in which these organisms are grown.

When whole egg was incorporated into the media, it
appeared that the properties of the enrichment broths that
were inhibitory to Salmonella were masked. Figure 2
1llustrates the growth of eight species of Salmonella in

the tesat broths containing whole egg. The growth curves of
8. typhimurium, 8. anatis, 8. worthington and 5. oranienburg

showed that the reproduction of these organisms was similar
in the four broths in which whole egg was incorporated.
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S. paratyphl was inhibited to a considerable extent in
tetrathionate broth to which whole egg was added. However,
the other organisms grew as well in tetrathionate to which
egg was added as they did in that in which no egg was
introduced. For the Salmonella specles studied, the addi-
tion of egg to tetrathionate altered the average reproduction
time by only 3 minutes.

The reduction in numbers of viable cells during the
initial incubation period was not as pronounced in Selenite~
F when whole egg was present in the medium as that noted in
Selenite~F without whole egg. For these elght specles of
Salmonella, the average generation time was reduced by
7 minutes when whole egg was Incorporated into the Selenite~F
broth.

With whole egg added, Ruys! medlium apparently supported
the proliferation of all of the organisms studlied as well as
did nutrient broth; this can be observed from the curves in
Figure 2 and by the comparison of the average generation
time for the organisms (Table 4). It can be seen (fables 3
and 4) that the average generation time was reduced from
125 minutes to 33 minutes by the incorporation of whole egg
into the media.

The overall growth of Salmonella in nutrient,
tetrathionate or Selenite-F broths was not alterated



Figure 2. Growth curves of 8 species of salmonena
in various broths with whole egg added
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Table 4. Generation times of eight species of Salmonella
in various broths with whole egg adde

Generation time in minutes

. - Broths |

Organism _Nutrient Tetrathionate Selenite-F Ruys

8. anatis 30 27 29 28
8. bredeney 27 28 27 28
8. give 32 43 34 33
8. oranienburg 25 27 28 28
S. paratyphi 39 b4 36 41
8. pullorum 37 48 34 45
8. typhimurium 29 27 27 29
8. worthington 29 27 30 29
Total 248 271 245 261

Average 31 34 31 33

appreciably when whole egg was added to these broths. 8.
paratyphl grew in tetrathlonate if whole egg was introduced;
however its growth was definitely inhibited. The improve-
ment in growth of Salmonella in Ruys' medium due to the

presence of whole egg 1s evident; the average generation
time in this medium was reduced to one-fourth that in the
basal medium, With seven of the elght organisms used in



~79~

this study, no apparent difference in the generation times
could be observed with either Selenite-F or tetrathlonate.

The use of tetrathlonate broth requires that lodine solution
for oxidizing sodium thiosulfate to sodium tetrathionate be
transferred aseptically; this extra operation not only affords
a source of contamination, but is time consuming as well,
Therefore, Selenite~F was chosen throughout the remainder of
the study as the broth to be used for enumerating Salmonella.

3. Selective agars

Selective agars employed for the isolation of Salmonella
should possess a minimum degree of inhibition of this genus
and should have maximum bacteriostatic actlion on extraneous
organisms. Several agars could be used to facilitate the
isolation of Salmonellas hmwaver,'tha use of more than one
agar increases the amount of labor and expensej therefore,
it would be advantageous if a single agar could be used to
detect and isolate these organisms,

The mean colony counts on the selective agars (BG, 88,
DCLS and WB) are shown in Table 5. Using nutrient agar as
the reference, 1t was demonstrated that the several agars
varied greatly in providing satisfactory conditlons for
the reproduction of the various microorganisms studiled.

DCLS agar was somewhat inhibitory to all of these organisms,



Table 5. Comparison of colony counts® on various agars

fiaﬁiﬁg agars

Organism Nutrient

Brillisnt Salmonella-

- green

1gella

Desoxy-
cholate
¢citrate
lactose Bismuth
sucrose sulfite

Salmonells paratyphti 232
8. typhimurium 700
$. oranienbur; 620
S. pullorum 186
. anatis 360
8. worthington 410

208
§§§b
550
173
340
370

145P
%’Q
3120
66P
272P
24gP

102% 209
6°  ugoP
7 7P
370 112
660 73b
129P 330°

8gounts reported are means of nine plates.

bgignificant difference as compared to nutrient (P = .01).
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Data regarding the reproduction of §. pullorum in egg
white adjusted to pH 7.0 and in nutrient broth are shown in
Figure 3. Similar results were obtained in the case of
8. oranienburg and 8.
organlsms grew more profusely in nutrient broth than in egg
white during the 24-hour incubation period. Examination of
the generation times for the three organisms (Table 6)
and 8, senftenberg reproduced
at a faster rate in nutrient broth than in egg white; however,

In every case the

revealed that §. oranienh

3. pullorum reproduced at approximately the same rate in
egg white at pH 6.0 as it did in nutrient broth, Since
during the initial incubation perlod the organisms grew
as well in egg white as they did in nutrient broth, there

evidently was not any greater adjustment period required
for growth in egg white than for growth in nutrient broth.

Limitation in the reproduction of these organisms in
egg white could be due to the presence of inhibitory factors
(avidin, lysozyme, conalbumin and ovomucoid) or to the lack
of essentlal nutrients in the albumen.

Although the species of Salmonells studled were
inhibited in egg white, the extent of thelr reproduction
indicated that egg white should not be allowed to remain
at a temperature favorable for growth of these organisms.
Rather, albumen should be handled in a sanitary manner and

removal of glucose should be conducted as quickly as
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Figure 3. Growth curves of S. pullorum in liquid
egg white and in nutrient broth




Table 6. Generation time of almmn&ila in egg
white and in nutrlen <

Tim& 1n m&nut&s

Nutrient _ Bgg white
Organism ~ broth ~pH 6.0 7.0 8.0
S. pullorum Yi:] T2 173 14
§,'¢ran;@nbggg 33 b7 65 72
8. senftenberg

34 k6 51 53

possible under conditions that are unfavorable for reproduc-
tion of Balmonella.

5. Effect of hydrogen-lon concentration of egg white

It was shown by Sharp and Whitaker (1927) that the
bactericidal activity of @gg white was influenced by changes
in the hydrogen-ion concentrations inhibition of bacteria
was more pronounced at pH 9.0 than at pH 7.0, Since
Salmonella multiplied in liquid egg white adjusted to pH
7.0 (commonly used in commercial products) it was decided
to determine whether adjusting the pH to other levels would
affect the growth of these organisms. 8. senftenberg, S.
oranienburg and §. pullorum were therefore grown in egg
white adjusted to pH 6.0, pH 7.0, pH 8.0, pH 9.0 and pH
10.0. The growth curves obtained with 8. pullorum are
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given in Figure 4. The growth of §. senftenberg and 8.
oranienburg was similar to that of 8. pullorum. It is evi-
dent that this organism grew profusely in egg white at pH
6.0 to pH 8.03 however, at pH 9.0 or pH 10.0 the growth of
the organisms was inhlbited. The effect of pH of albumen
on the growth of Salmonella is further exemplified by the
generation times listed in Table 6. In the case of 8.
pullorum, alteration of the hydrogen~ion concentration of
liquid albumen from pH 6.0 to pH 7.0 resulted in a doubling
of the generation time. Increases in the generation times
senftenberg were evident when the
hydrogen~ion concentration of the egg white was altered
from pH 6.0 to pH 8.0.

for 8. oranlenburg and 8.

It was possible to restrict the reproduction of
Salmonella in liquid albumen merely by adjusting the egg
white to pH 9.0 or pH 10.0; however, with present methods,
it would be difficult to remove the glucose at these pH
levels. If a method to remove glucose could be devised
which would be efflcient at these pH values 1t would aid
the problem of ridding dried albumen of pathogenic
organisms. With the present methods of removing glucose,
therefore, care should be taken to maintain as high pH as
possible so that the process is efficient and, at the same
time, retards the reproduction of Salmonella.




-86-

LOG CELLS PER ML.

20.2 4 8 24

HOURS OF INCUBATION

Figure 4. Growth curves of S. pullorum in liquid
egg white at 5 pH levels
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retard the growth of these three speciles of Salmonella for
24 hours in nutrient broth.

b. Egg white. The results wherein 3. genftenberg was
grown in liquid egg white that contained 0.1, 1 or 10 ppm.
of chlortetracycline, oxytetracycline or streptomycin are
deplcted in Figure 5. The curves obtained with 8. pullorum
and 8. oranienburg were similar to those of $. senftenberg.

In most cases there was no apparent difference in the
reproduction of these Salmonells in the presence of
antibiotics at a concentration of either 0.1 or 1 ppm.;
generally the rate of reproduction was considerably less
when the concentration of antiblotic was 10 ppm. than at
either of the other two levels.

At any of the three concentrations the antibiotics
definitely retarded the reproduction of 8. senftenberg and
at 12 hours of incubation; this was not as

pronounced for 8. pullorum.

Examination at 2% hours showed that the number of
S, oranienburg was less in the presence of oxytetracycline
at 10 ppm. than in the absence of this antibiotic; however,
in all other cases, at 24 hours, no difference in numbers
wag observed due to the presence of added antiblotics.
Thus 1t was evident that the antibiotilcs were not as
effective in retarding the reproduction of these species
of Salmonella in egg white as they were in nutrient broth,



S. SENFTENBERG

———» 0O PPM
o———e Ol PPM

~--—--- 10 PPM
o—-—e |0 PPM

CHLORTETRACYCLINE
1 1 1 ]

OXYTETRACYGCLINE
| 1 1 | | i 1 |

9_
Eiu)
@
su8
DO
ZﬂL
0O’
@)

2

6
o 9
wwn
m
=5
ZfJ

w7
O)
CDC)
—
6
0
Figure 5.

3 6 12 24 O 3 6 12 24
TIME IN HOURS TIME IN HOURS
Effect of 0, 0.1, 1 or 10 ppm. of chlortetracycline,

oxytetracycline or streptomycin on the reproduction
of S. senftenberg in liquid egg white

_06_



"‘91 -~

since it was shown (Tasble 7) that concentrations of from
0.1 ppm. to 5 ppm. successfully retarded growth in nutrient
broth for 24 hours. Beigelman (1949) reported similar
results when human serum or horseé blood was added to a
medium containing chlortetracycline. He believed that the
serun or blood enriched the medium to the extent that
bacterial growth was more prolific after prolonged incubs~
tion, rather than that the added substances inactivated the
chlortetracycline.

Although the organisms utilized in these studles were
able to reproduce in egg white containing as much as 10 ppm.
antlbiotlic, there was definitely less rapild proliferation
for 12 hours, This time period is sufficient to remove the
glucose from egg white and hence the addition of anti-
blotics to the fermenting whites would be of value in
rebtarding the multiplication of these enteric pathogens.

B. BEffect of Drying Albumen on Viability
of Inoculated Salmonella

It was pointed out by Rahn {(1945) that the percentage
of organisms surviving desiccation varled from 0 to nearly
100. The percentage depended not only upon the species
and age of the culture, but also upon the medium In which
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the cells were suspended, the surface on which they were
dried and the rate and temperature of drying.

1. Effect of pan drying

The conditions of pan drying are such that the tempera-~
ture is kept below #0°® C., and usuaslly considerable time is
required in order to obtain a dried product. The per cent
survivors of three organlsms, S. senftenberg, 8. oranienburg
and 8. pullorum during pan drying of albumens are listed
in Table 8. During the pan drying process 18 per cent of

the numbers of 8. oranien survived, while only 4 per

cent of the population of 8. pullorum remained viable.
Since the pan drying operation was conducted in an open
room, the conditions varied somewhat for the experiments.
The product was considered sufficlently dry when 1t could
be removed from the pans without any particles adhering to
the surfece. In most cases an exposure to drying condi~
tions for about & hours was suff'icient although, when
atmospheric conditlons were less favorsble, as much as 12
hours were necessary to obtain a dried product. Thus,
part of the differences in the percentage of survivers could
be accounted for by the fact that times for drying varied.



Table 8. Per cent reduction of numbers of
Salmonells due to drying

aYying __ organtsm TeTRGL S garvivors

Pan 8. senftenberg® Room 8
8. aranianbuggb Room 18
8. pullorum® Room 4

Inlet Outlet

spray® S. senftenberg T 9k 60 .01
S. senftenberg 77 51 .05
8._oranienburg 7 51 0.2
8. oranienburg 135 68 0.1
8. pullorum 1%0 68 .01

Gpverage of 3 trials.
baverage of 8 trials.
CData for each from 1 trial.

2. Effect of spray drvi:

The spray drying operations were conducted at two com~
mercial installations. Alr inlet temperatures of 94° and
77° C. were used for drying at Plant A and temperatures of
135® and 140° C. were used at Plant B. 8ince the albumens
were dried at two plants and in two different driers,
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the results due to the effect of drying upon all three
organisms cannot be compared, However, one can examine the
results obtained at Plant A and those obtalned at Plant B
separately.

When an inlet temperature of 94° C. and an outlet
temperature of 60° ¢. was used (Plant A), less than 0.0l per
cent of the numbers of 8. senftenberg survived drying, while

when the temperatures were lowered to 77° and 51° €.,
respectively, 0.05 per cent of the numbers of this organism
remained viable. At the latter temperatures (inlet, 77° C.,
outlet, 51° C.) 0.2 per cent of the numbers of §.
oranienburg survived spray drying. Thus §. oranienburg
appeared to be more tolerant to this treatment than did

5. senftenberg.

At Plant B, the inlet and outlet temperatures were con-
siderably higher than at Plant A. Less than 0.0l per cent
of the cells of 8. pullorum survived the conditions imposed
upon the egg white while 0.1 per cent of the cells of
8. oranienburg remained viable, indicating that §.
oranienburg was more r@iﬂzmn‘b to this treatment than was

8. pullorum,

3. Discussion

In the spray drying of albumen the conditions are such
that fine particles of liquid albumen are subjected to a
high temperature for a short time. In pan drying, however,
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the albumen 1s in contact with air at room temperature for
& relatively long time. Also, & film forms on the surface

. of the albumen during pan drying, and the albumen on the
’\battcm of the pan remains in a 1i§aiﬁ state under conditions
'ﬁherﬁin bacterial multiplication could occcur. Thus, these
two methods for drying differ with regard to the tempera~
ture and rate of drying as well as the surface exposed.
Durdng spray drying, atomization, with the resulting shear-
ing actlon of the albumen, could affect the viability of the
cells. The results in Table B indicated that fewer organisms
survived spray drying than survived pan drying of albumen.
Differences in survival during pan drying and apray drying
could explain the results cbtained by Byrne (1954) when

she examined 10 samples of spray dried albumen and found

no Salmonella, whereas she reported that of seven samples

of pan dried albumen, all were contaminated with Salmonella.

€. Microblological Changes During Btorage
of Dried Albumen

Storage of dried albumen at elevated temperatures was
suggested by Ayre% and Slosberg (1949) as a means of
eliminating &almanéll& from this commodity. In the present
study, work was undertaken to determine the significance of



mgéﬁ

the moisture content of the powder, the temperature of
storage, the type of dried product (spray dried or pan
dried), the species or type of argaﬁ&am present, and the
alteration of the atmosphere upon the survival of organiams
during storage of dried albumen,

1. Salmonella

Pan dried albumen containing a known number of §.
oranienburg was adjusted to molsture levels ranging from
1.8 per cent to 18 per cent; these albumens were stored in
a 50° €. incubator and analyzed for the presence of §.
orsnienburg after 0, 12 and 38 days of storage. The percent-
ages of survivors were calculated and are shown in Figure 6.

After storage for 12 days there was a noticeable dif-
ference in the per cent of cells surviving in albumen cone
taining 5 per cent molsture when contrasted with the per
cent surviving in albumen having 6 per cent moisture. No
isolations of Salmonella were made from albumens with
moisture levels above 10 per cent on the 1l2th day of stor-
age. The per cent of survivors was considerably greater in
albumen having 3 per cent molsture than 1t was in albumen
with 6 per cent moisture on the 38th day of storage. Since
the results indicated that levels of 3 per cent and 6 per
cent moisture were critical, these two molsture concentra-

tions were selected for further study. Moisture levels of
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1.5 per cent and 12 per cent were also selected in order to
provide a geometric series representing reasonable minimum
and maximum moisture concentrations that might be encountered
in commercial albumen.

Albumens which contained 1.5, 3, 6 or 12 per cent
molsture were analyzed for the numbers of Salmonella (S.
senftenberg, 8. oranienburg or §. pullorum) that survived
storage at 50°, 60° or 70® C. The effect of moisture con-

tent of the albumen and»tamparature of storage on the
survival of 8. oranienburg can be observed in Figure 7.
Similar results were obtained in the case of 3. senftenberg

and §. pullorum. PFewer organisms were isolated from albumen
containing 12 per cent molsture than from those powders
with 1.5, 3 or 6 per cent molsture. In all cases except
one, fewer viable organisms were found in albumen contain-
ing 6 per cent molsture than in those albumens with either
1.5 or 3 per cent. Comparison of the survivors of the
Salmonella in albumens containing 1.5 or 3 per cent

moisture showed that, in 1l of the 36 cases, there were
more survivors in those samples with 3 per cent. These
results agreed with those shown in Figure 6 that, in general,
there was no apparent difference between the number of
survivors in albumen with 1.5 or 3 per cent maiéture; how~
ever, as the molsture content of the powder increased, the

number of survivors was greatly reduced.



Figure 7.

Numbers of 8. oranlenburg detected In
pan dried and in spray dried albumens
containing 1.5, 3, 6 or 12 per cent
moisture and stored at 50°, 60° or 70° €,
for ) and 3 days
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The effect of temperature upon the viability of cells
of 8. oranienburg can be seen in Figure 7., As the tempera-
ture of storage was increased, the number of viable cells
isolated after storage was decreased. In every case there
were fewer survivors of Salmonella in the albumen stored
at 70° C. than in that stored at 60° or 50° C. Also, in
every case except one, there were fewer survivors in albumen
exposed to 60° C. than in that at 50° C.

Since the original numbers of Salmonella in the seversl
albumens varied, it was difficult to compare the effect of
the conditlons of storage imposed by merely observing the
number of survivors. Therefore, death rate (or velocity)
constants were calculated and plotted in Figure 8. The
rate of death was influenced by the moisture content of
the albumen, the temperature of storage, the species of
organlsm and the type of dried product.

a. Effect of moisture. The death rate constants were

averaged for each molsture level and are plotted in Figure 9.
It can be readlly observed that the rate of death decreased
with decreasing moisture content of the egg white solids.
$tétiatica1 analysia of the data revealed that there was a
significant difference (P = ,01) in the death rates due to
moisture. Comparing individual degrees of freedom showed
that there was no significant difference between the rates
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Figure 9. Effect of moisture content on the rate of

death of three species of Salmonella in pan
dried and spray dried albumen stored at
elevated temperatures (50°, 60° and 70° C.)
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of death representing 1.5 and 3 per cent molsture; nearly
all of the difference existed among the death rates of 3, 6
and 12 per cent molsture. Although the curves representing
8. senftenberg and 3. pullorum were not straight lines
between 3 per cent molsture and 12 per cent moisture, as
was the case with 8. oranie
the same trend. The rate of death did not appear to be

burg, all of the curves showed

different between 1.5 per cent and 3 per cent moisturej
however, the slope of the line increased conslderably when
the moisture content was greater than 3 per cent.

In order to determine 1f the increase in the death rate
constants was directly proportional to the molsture content,
these constants were divided by the per cent moisture of
the powder they represented. Thus, the curves in Figure 10
represent the rate of death/per cent molsture content of
the powder. Comparing the average values for rate of
death/per cent moisture showed that the value for 1.5 per
cent molsture was approximately twlce as large as the value
obtained at the other three molsture levelsj a slight de~
e¢line in rate of death/per cent molsture was noted as the
molsture content of the powder increased. It would appear
that when albumen contained 1.5 per cent moisture, there
was a different effect on the cells than when the moisture
content was 3 per cent or higher. It could be poastulated

that when the moisture content of albumen was less than
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3 per cent, the cells were desiccated to the extent that
they lost thelr viability; however, with 3 per cent moisture
or above, the rate of death was apparently proportional to
the moisture content of the powder.

b. Te e, Rahn (1945) stated that
the temperature coeflficlents for the death of dry bacteria

rature of stors

were those %o be expected for an oxidation process; hence,
ralsing the temperature of storage resulted in a faster
rate of destruction of bacterial cells due to the increase
in the rate of oxidation.

The death rate constants for 8.
oranienburg and 8.
storasge temperatures (50°, 60° or 70° C.) and plotted 4in
Figure 1l. The curves in this flgure approximate straight
lines, indlcating that a direct relationship exists between
temperature of storage of albumen and the rate of death of
inoculated Salmonella. Differences in the rate of death
due to temperature of storage were found to be statistically
significant (P = .01l). The temperature coefficients, Q.
values, listed in Table 9 were calculated from the death

senftenberg, 8.

-

pullorum were averaged at each of the

rate constants for these organisms. All of these Q,, values
except one, fell within the range of 1.44% to 1.963 the
exception was for 8. oranienburg, where the temperature
coefficient was %.30.
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Table 9. Effect of temperature on death rates
of organisms

Temperature® C. Temperature Coeff-
50 60 70 clents (Q,o)
Organism ~ Death rates 1 2 3
1.35 2.65 3.62  1.96 1.37 .66
0.33  1.42 9.#3 1&.3& 1.?§ 3.02
, 1.70 2.48 3.5 1.6 1.3 R
Average of
Salmonella 1.13 2.18 3,19 1.93 1.4 1.70
Coliforms 0.56 1.10 1.58 1.96 1.4 1.70

Total count 0.30 1.4 2.31 1.80 1.60 1.70

81 = Quo for 50° to 60° C.
2 = Q;, for 60° to 70° €.
3 = Average Qxé,

e. Type of dried product. Several lots of spray dried

albumen and pan dried albumen were stored and analyzed for
the number of surviving microorganisms in order to determine
if, during storage, organisms would survive for longer
periods in one type of powder than in the other.

The death rates of the three specles of Salmonella
both in spray and in pan dried albumens are shown in Figure
12, There was no significant difference in the rate of
death of 8. pullorum elther in pan or in spray dried albumen.
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S. senftenberg and §. oranien lost their viability move
readily in spray dried than in pan dried albumen; this
difference was evident at the 1 per cent level of signifi-

cance.

The more rapld loss in viability of 3. senftenberg or
S. oranienburg during storage in spray dried albumen when
compared with pan dried albumen could be due to the higher
temperature imposed upon the albumen during spray drying.
‘The cells might lose thelr viability during storage due to
distortions caused by shearing during atomization of the
droplets of egg white and exposure to relatively high
temperatures during the spray drying operation.

d. S8pecles of Salmonella. The death rates for the
three species af,&g&mgnaxla~§uring storage of dried albumen
are shown in Flgure 12. It can be noted that in spray

dried albumen the rate of death was similar for 8. pullorum
and 5. senftenberg, while the death rate for 8. oranienburg
was significantly less (P = ,01). In the pan dried albumen
the death rate was highest for §. pullorum and was the
lowest for 8. oranienburg. Thus, one must consider the
type of organism that is present in the albumen in order
to determine the period necessary for storage sc that no
Salmonella will be isoclated.

e. Storage time. Spray dried albumens inoculated
with 8. senftenberz, S. oranienburg or 8. pullorum,
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containing 1.5, 3, 6 or 12 per cent moisture and stored at
50°, 60° or 70° C. were analyzed and the number of viable
cells detected are shown graphically in Figures 13 to 15.
The original number of Salmonella in the powder was:

S. senftenberg, 304,000; 8. oranienburg, 28,500; and §.
pullorum, 860, It can be seen that as the moisture content

of the powder increased, or as the temperature of storage
was increased, the number of days of storage needed to
obtain an albumen from which no Sslmonells were isolated
was reduced.

It was found in previocus experiments that the death rate
of 8. senftenberg was higher than was that of §. oranienburg;
therefore one would expect the former organism to be
eliminated in fewer days of storage than the latter. How-
ever, in these experiments, there were more cells of 8.
genftenberg originally present than there were of 8.

oranlenburg and, hence, one would expect that the storage

time for the former to reach a level of 0,18 organisms per
gram would be greater.

With an initial load of as many as 304,000 §. genften-
berg per gram of albumen and using the conditions of storage
previously mentloned, no Salmonells were detected alter
only 9 days of storage. In 6 of the 12 conditions of
storage, only 2 days were required to produce albumen from
which no 8. senfienberg was isolated. With albumen
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containing 28,500 3. oranienburg per gram, in 7 of the 12
storage conditions, no Salmonella was detected after 3 days
of storage, while, using any of the conditions of storage,
6 days was a sufficient time to reduce the number of §.
oranienburg to less than 0.18 per gram. In the case of

8. pullorum, no survivors were detected in albumens stored

for 6 days using any of the storage conditions.

Storage in carbon dioxide. Pan dried albumen con~-

taining a known load of cells of 8. oranienburg was placed
in vacuum desiccators and 0, 25, 50, 75 or 100 per cent of
the air was replaced with carbon dloxide. These values did
not necessarily represent the final concentrations of the
carben dioxide but, as meassured by the Orsat apparatus,
were within 5 per cent of the concentrations stipulated.
The differences in the per cent C0p estimated and that
obtained by measurement with the Orsat were due to leakage
of apparatus and impurities in the commercial COgz. The
desiccators were placed in an incubator at 50° C. for 3
daysi the samples were then analyzed for viable Salmonells.
A total of four replicates were run and analysls of variance
of the data showed that there was no significant difference
(P = .01) in numbers of survivors due to the effects of

the five treatments (0, 25, 50, 75 or 100 per cent COg)
given this albumen. In the experiments in which albumens

- containing 8. senftenberg, 8. oranienburg or §. pullorum
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were stored at 50° €. for 3 days in desicecators in which 95
to 97 per cent of the alr was replaced with €Oz, the number
of survivors was greater than when these powders were

stored in ailr (Figure 16). It was observed (Table 10) that
the death rate was reduced when air was replaced by COp. If
one were to agree with Rahn (1945) who considered death of
bacteria in a dried medlum to be due to oxidation, one would
not expect the presence of COp to be of any significant
value in reducing the number of survivors of Salmonella.

On the other hand, substitution of an oxidizing agent for
air would be expected to give greater reduction in the

number of viable cells.

g. Storage in ethylene oxl The data presented
graphically in Figure 16 was obtained from experiments
wherein albumen inoculated with 8. senftenberg, 8.
oranienburg or 8,
which from 9 to 11 per cent of the air was replaced with
ethylene oxide.

There were fewer survivors in those desiccators which
contained added ethylene oxlde. Death rate constants cal-
‘culated from these data appear in Table 10, The presence
of ethylene oxide inecreased the death rate significantly

ullorum was stored 1In desiccators in

(P = .01) in the case of $. pullorum and 8. oranienburg;

however, no difference in rate of death was observed in
the case of 8. senftenberg.
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Table 10. Effects of storing pan dried albumen in
air, carbon dloxide or ethylene oxide on
the rate of death of Salmonella

__Death rate constantsé

Carbon Ethylene
Organism Adr __adoxideP oxide®
S. pullorum 1.448 .833 2.0939
8. senftenberg 586 .551 .687
s

. oranienburg .288 .221 1.5079

alr.

9 to 11 per cent ethylene oxide, 83 to 88 per cent
carbon dioxide plus 3 to 6 per cent air.

. a;i?ignummt increase at 1 per cent level (compared
O ALl ).

The reduction in numbers of §. oranienburg due to the
addition of ethylene oxlde was of particular importance
since 1t was shown previously that the rate of death of
this organism at elevated temperatures was lower than was

that of either 8. . or 8.

ullorum.

sture content. The effect of varying the
moisture content of albumen on the death rate of organisms



~123~

belonging to the coliform group can be observed in Figure

17. The same effects were noted in the case of coliforms

as were observed for Salmonella; namely, that a faster rate
of death was observed at 12 per cent moisture than at 6 per
cent and at 6 per cent than at 3 per cent, while the death
rates at 3 and at 1.5 per cent molsture were approximately
the same. Statlstical analysls revealed that the death rates
were significantly affected by the moisture content of the
powder but that the difference in death rates at 1.5 and 3
per cent was not statistically significant (P = .01).

b. Temperature of storsge. The effect of temperature

of storage upon the death rate of coliforms was not as
noticeable as 1t was in the case of Salmonella; however
there was a difference in the rate of death of coliforms
at the three temperatures of storage (Figure 18). Statisti-
cal analysls revealed that these aeath rates were different
at the 1 per cent level of significance. The average Q;,
value listed in Table 9 was 1.70, & value in the range of
that assoclated with chemical or biological reactions.

¢. Type of dried product. Statistical analysis re-
vealed no significant difference in the rate of death of
coliforms in either spray drled or pan dried albumens
(P = .01).
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In most cases the total population of organisms in the
drled albumens was composed primarily of Salmonellas there-
fore, the total number of organlisms decreased in a manner
similar to that observed in the case of Salmonella.

a. Moisture content. The effect of moisture content
on the death rate of total population of organisms can be
observed in Figure 17. The differences in the rate of death
at 3, 6 or 12 per cent moisture were statistically signifi-
cant (P = .0l1); however, no statistical difference was
found between the rate of death in albumen containing 3 per
cent molsture and that containing 1.5 per cent molsture,

rature of storage. The total number of
bacterial cells decreased at a faster rate as the tempera-
ture of storsge increased. This is shown in Figure 18.

A stralght line functilon existed when comparing the rate
of death with the temperature of storage. The death rates
at the three temperatures were analyzed statistically and
were found to be significantly different (P = .01). The
average Q.o value {Table 9) was 1.70.

c. _of dried powder., The rates of reduction in

numbers of total population of organisms during storage of
spray dried or pan dried albumens were compared. The aver-

age rate of death during storage of spray dried albumen was
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1.88 and of pan dried albumen was 1.153 when these values
were analyzed statistically, they were found to be different
at the 1 per cent level of significance.

D. Punctional Values of Dried Albumen
During Storage ’

Even though dried albumen can be stored at elevated
temperatures so that no Salmonells are subsequently isolated,
i1t 1s essential that the functional properties of the albumen
are not impaired by this treatment; otherwise the use of
elevated temperatures to eliminate Salmonella is of 1little
value.

The properties of albumen that are of primary concern
are pH, solubility, whipping ability and angel cake-making
properties.

1. pH

Measurements of the hydrogen ion concentration listed
in Table 11, ref@r to dried albumen that contained 1.5, 3,
6 or 12 per cent moisture and was stored at 50°, 60° or
T0° €. In general, there was a tendency for the pH of the
dried albumen to decrease during storage; a change from
PH 7.9 to pH 7.4 was noted in albumen containing 1.5 per



Changes oceurring in the pH® of dried albumen during storage

Table 11.
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cent moisture, when it was stored at 60° C. for 120 days.
In 7 of the 12 different storage conditions studled, a
significant change occurred in the pH of the dried albumen
by 3 days of storage; by 90 days, there was a significant
change in pH of the albumen with any storage condition

used.,

2, Solubility

In order to compensate for the range of molsture levels
in the stored powder (1.5 per cent to 12 per cent) the
solubility values obtalned by analysis were determined on a
per gram dry solids basis. These values are listed in
Table 12.

In general, there did not appear to be any seriocus loss
of solublility of dried aslbumen under the conditions of stor-
age used in these experiments. Statistical analysis of the
data revesaled that in only three instances did a signifi-
cant (P = .01) loss of solubility occur due to conditions
imposed upon the product. Significant changes were observed
in those albumens that contained 6 per cent moisture and
that were stored at 70° €. for 30 days, and albumens con-
taining 12 per cent moisture and stored at 60° C. for 6
days or at 70° €. for 1 day.
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Figure 19. Changes occurring in the beating rate of spray dried
albumen with 1.5, 3, 6 or 12 per cent moisture and
stored at 50°, 60° and 70° C.
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Table 14. Beating ratel of spray dried albumen during storage
Sto &lgumn , | Days of storage _
rage moisture :
temperature content ° 1 3 6 30 % 90 120 130
°C. per cent ml./ gm./ sec.
50 1.5 .207 211 .206 .222
3 .252 .228 Ja97 215
U5 .202 flgg .182 , 184 181
12 # o 03& ‘13'@ »igg .199
60 1.5 207 .188 ‘213 204
% 253 195 .§$§ ‘ggi .219
12 0 a3 2B a2
70 1.5 207 .186 203 172
3 252 .229 ,219 202
6 202 195 .180 .180 197
12 .180 L1058 113 46

i1calculated from data obtained from ‘soft peah:* test described by Carlin and

Ayres (1951}).
agignificant difference (P = .0l).

~G€1-



whipping properties. Analysis of variance of the data re~
vealed that in many cases the increase in beating rate was
significant.

b. Comparison of two whip tests. The whip tests des~
cribed by Slosberg et al. (1948) and by Carlin and Ayres
(1951) were used to obtain data to calculate the beating

rate of albumens that were stored at elevated temperatures.
The beating rates are listed in Tables 13 and 1k,

It can be seen that the beating rates calculated from
data obtained by the method of Slosberg et al. were lower
than were those obtained from the whipping method of Carlin
and Ayres. Probably this was due to the fact that in the
former method a standard whipping time of 75 seconds was
used and, in many cases, the albumen was over~whipped. In
the latter method, the albumen was whipped to a point whereby
tracks from the wire whip were observed in the meringue;
hence the whipplng times in this procedure were not constant
but were dependent upon the quality of the albumen.

Comparison was made of the calculated beating rates ob-
tained from data of two whipping methods by determining the
correlation of these values. It was found that the correla-
tion coefficient (r) was equal to .65 which showed that a
relationship exlisted between the results acquired by using
the two methods for determining the whipping properties of
dried albumen. |
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4. Volume of angel cakes

The ultimate criterion for the functional properties of
albumen is its ability to form a stable foam for use in pro-
ducing angel cakes of good volume and texture. The volumes
of angel cakes made from albumens containing 1.5, 3, 6 or
12 per cent moisture and stored at 50°, 60° or 70° C. for
from O to 150 days, are listed in Table 15. At a storage
temperature of 50° C., albumens containing 1.5, 3 or 6 per
cent moisture were stored for 150, 120 or 90 days,
respectively, without any significant loss in volume of
angel cakes, while the albumen with 12 per cent moisture
showed a significant decrease in volume of the resulting
angel cakes at 3 days of storage. At a storage temperature
of 60° €. albumen having 1.5 per cent moisture was stored
for 120 days without a significant loss in volume in the
resultant angel cakes. The volume of angel cakes showed no
significant loss when made from albumen containing 1.5 per
cent moisture and stored at 70° C. for 30 days; however, a
significant (P = ,01l) loss in volume was noted after storage
for 1 day when the albumens contained 12 per cent moisture.

Thus it iz evident that moisture content and tempera-
ture of storage are lmportant aspects to be considered in
the storage of albumen which is intended for use in angel

cakes.
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A limited number of studies were conducted to ascertain
if albumen stored in atmospheres contalning ethylene oxlde
would lose its angel cake-making properties to a greater
extent than would albumen stored in air. Albumens contain-
ing 6 per cent moisture were stored at 50° C. for 3 days in
desliccators in which air or a mixture of 10 per cent ethylene
oxide and 90 per cent carbon dioxide was the atmosphere of
storage. The volume of angel cakes made from these albumens
(587 cc. for the air and 555 cc. for the ethylene oxide
mixture) indicated that there was a 5.5 per cent loss in
volume of resulting angel cakes due to the presence of
ethylene oxide and carbon dioxide in the atmosphere during
storage. Analyzing these values revealed that there was a
significant loss (P = .01) of volume of angel cakes due to
storing albumen in the presence of ethylene oxide.

5. Discussion

Measurements of pH, solubllity, beating rate and volume
of angel cake were made to determine the effect of molsture
content, temperature of storage and length of storage
period on the functional properties of albumen. Of these
characteristics, the pH of the mlbumen appeared to change
more significantly than did the other propertles. The
changes exhibited in the pH indicated that acidic type
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reactions occurred. This increase in acidity could be due
to exposure of the gcidic group of amino aclids during
denaturation of the protein, particularly if dicarboxylic
amino acids were prevalent. Stuart et al. (1942),
Hirschmann and Lightbody (1947) and Wilson (1948) observed
a similar change in pH of dried whole egg during storage.
The only explanation of this observation was given by
Hirschmann and Lightbedy who suggested that changes in pH
were related to the activity of non-reproducing bacteria,
or to cell components (presumably enzymes) remaining active
after the death of the organism.

The results of solublility measurements revealed that
albumen can be stored under rather drastic conditlons and
still retain its solubility. In some cases an apparent in-
crease in solubility was observed. This type of result was
also reported by Kline (1945), but no reason was given.

Some variation could be expected due to the method of
analysis; however, it is more likely that apparent increases
in solublility are due to the formation of smaller components
of the proteln during denaturation. These smaller compounds
could then polymerize and become insoluble and, in turn,
result in a decreasse in the solubility of the powder.

Kline (1945) believed that the loss in solubility of albumen
was due to reactions of the proteins with the aldehyde group
of glucose. The albumen used 1n this study could have



~141-

contained some residusl glucose. However, the quantity was
too small to be detected by the Somogyl method; thus it is
doubtful if losses of solubllity were due to the amino-
carbonyl reaction. In most cases the solublility of the
albumen 4id not decrease significantly due to the conditions
imposed upon the product. Only in the case of albumen con~
taining 12 per cent moisture and which was stored at 60° or
70° €. did a serious loss of solubllity occur.

The whip test measures the foaming action of egg white.
According to Barmore (1934) the colloidal constituents of
the albumen form an interfacial film which becomes suffi-
ciently viscous to result in a stable foam. Most of the
loss in beating rate in these experiments was probably due
to insolubility of the albumen, since, in the two cases in
which beating rate of the meringue was significantly de-
creased, there was also a significant decrease in the
golubility of the albumen, If the albumen falled to recon=
stitute, less protein would be avallable for formation of
interfaclal surfaces, hence less volume would be obtalned
and the beating rate of the meringue would be decreased.

Calculations were made to determine the correlation
between the 75-second whip test and volumes of angel cakes
and the "soft peak" whip test and volumes of angel cakes.
It was found that a direct relationshlp existed in both
cases; a value of 0.74 was found for the 75-second whip
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test and 0.77 was determined for the "soft peak" test. These
correlations were tested for significance with the 't' test
and were found to be significant at the 1 per cent level.

It is interesting to note that the difference between the
correlation values was only 0.03, which indicated that both
tests were of almost the same value in measuring the angel
cake~-making ability of the albumen. '

The use of albumen in angel cakes requires not only
that albumen can be whipped, but also that the resulting
foam is stable so that, during baking, this foam will
coagulate and retain the entrapped alr, thus producing an
angel cake of large volume.

The results of these experiments showed that dried
albumen could be stored for 150 days at %50° C. if the
moisture content were 1.5 per cent, without a significant
loss in angel cake~making properties. At 60° €. this albu-
men (1.5 per cent moisture) was stored for 120 days and
still retained its angel cake-making ability. However, as
the molsture content and temperature of storage of the
albumen was increased, the ability of the albumen to form
angel cakes of desirable volume was decreased rapldly, so
that at a moisture content of 12 per cent and storage
temperatures of 60° or 70° €., a significant loss was ob-
served at 1 day of storage; at 50° C., a storage perilod of
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3 days resulted in a significant loss of angel cake-making
properties.

E. Comparison of the Effects of Storage on Micro-
organisms and on the Functional Properties
of Dried Albumen

It was shown that high initial numbers of 8. senftenberg,
8. oranienburg or 8. pulloru
0.18 organisms per gram during storage of albumen at 50°,
60° or 70° C., However, it was likewise found that the

were reduced to less than

functional properties of dried albumen were changed when
the powder was stored at the three temperatures.

Previously 1t was pointed out that in order for storage
of dried albumen to be practical in the elimination of
Salmonella, the functional properties must not be impaired.
The time required to eliminate 5. senftenberg, 8. oranienburg

and 8. pullorum from spray dried albumens was compared with
the days the albumen could be stored without significant
changes occurring in the functional properties. These data
are presented in Figures 20 to 22. The curves depicting
storage at 50° C. (Figure 20) showed that the albumens with
6 per cent moisture or less retained their functional pro-
perties for a periocd sufflciently long to obtaln a powder
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Limiting conditions for storing spray dried
albumen at 70° C. (Areas above the solid lines
indicate times of storage for each of the
moisture levels where there were observable
losses in functional properties. Areas above
the broken lines indicate time-moisture rela-
tionghips where populations of the Salmonella
speclies were reduced to less than 0.18 cells
per gram.)
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from which no Salmonella could be isolated. The angel cake~
making properties of albumen with 12 per cent molsture
deteriorated at a rate that was greater than the reduction
in numbers of Salmonella. The beating rate and solublility
of the albumen were retained sufficlently long for the
Salmonells to be eliminated.

. When a storage temperature of 60° ¢. was used (Figure
21), the number of Salmonella was reduced to less than 0.18
per gram before the solubility of the albumen at any of the
moisture levels tested was significantly (P = .0l) reduced;
however, the beating rate was significantly lower with
albunen containing 12 per cent moisture and angel cake~
making properties were impaired in albumen with either 6 or
12 per cent molsture.

At a storage temperature of 70° C. (Figure 22) the
solubility and beating rate of albumens were retalned in
those powders containing 6 per cent moisture or less; on
the other hand, at any of the four moisture levels, the
angel cake-making properties of the albumen were signifi-
cantly decreased by the time the mumber of Salmonella was
reduced to less than 0.18 per granm.

It was evident from these curves that in the case of
albumen with a molsture content of 12 per cent, storage at
elevated temperatures was not too desirable as a means of
eliminating Salmonella, since the functlonal properties were
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seriously impsired. In the time period required to eliminate
Salmonella from albumen containing & per cent moisture, a
storage temperature of 60° C. was detrimental to the angel
cake-making praparziagg however, if the albumen was not in-
tended for use in angel cakes, & storage temperature of

70° C. could be maintained for as long as 60 days without
significant losses of solubility or beating rate. In the
case of albumens with 1.5 or 3 per cent moisture and a
storage temperature of 50° or 60° C., functional properties
of the albumen were retained until the Salmonella were
eliminated. The angel cake-making ability of the albumen
was impaired at 70° C., but if not intended for this use,
the albumens could be stored at this temperature for 60
days without significant loss of beating rate or solubilitys
this time pericd was definitely adequate to secure albumen

from which no Salmonella could be recovered.
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most resistant while S, pullorum is the least resistant to
death during storage of driled albumen at elevated tempera~-
tures of 50°, 60° or 70° C.

7. As the temperature of storage of dried albumen 1s
increased from 50° to 70° C., the rate of death of Salmonella
is increased proportionally.

8. Although there is no significant difference in the
rate of death of three species of Salmonella in dried albumen

gontaining 1.5 to 3 per cent molisture, the rate of death
increases significantly as the moisture content of the powder
is increased from 3 per cent to 12 per cent,

9. The use of carbon dioxide in the storage atmosphere
of dried albumen does not increase the rate of death of the
Salmonella present.

10. Although the use of ethylene oxide in the storage
atmosphere alds in reducing the numbers of the organisms
tested, the functional properties of the albumen are
impaired by the presence of this gas.

11, 7The functional properties of albumens contalning
12 per cent moisture are impaired during storage at 50°,
60° or 70° €. Therefore, storage of albumen with a 12 per
cent molsture level 1s not desirable at any of these
temperatures.

12, It 4is possible to store dried albumen containing
1.5, 3 or 6 per cent moisture at 50° C. or albumen



containing 1.5 or 3 per cent molsture at 60° or 70° C. and
eliminate large numbers of Salmonella without significantly
impairing the functional properties of the product.

13. High initial counts of Salmonella can be eliminated
in dried albumen containing 1.5, 3 or 6 per cent moisture
and stored at 50°, 60° or 70° €. without noticeably affecting
either beating rate or solubility.
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VI. SUMMARY

The growth of eight specles of Salmonella in Selenite-~F,
tetrathionate, Ruys' or nutrient broth with and without the
addition of whole egg was studied. Selective agars (BG,

WB, DCLS and 88) were compared for their ability to support
the growth of six species of Salmonella.

The reproduction of three specles of Salmonella (8.
senftenberg, 8. oranienburg and 8. pullorum) was observed in
liquid albumen adjusted to pH 6.0, 7.0, 8.0, 9.0 or 10.0,
and in liquld albumen containing 0.1, 1 or 10 ppm. of the
antiblotics chlortetracycline, oxytetracycline or
streptomycin.

 Liquid albumens were inoculated with S. senftenberg,
S. oranienburg or 8. pullorum and subsequently spray driled
or pan dried. After drying, the albumens were adjusted to
1.5, 3, 6 or 12 per cent moisture and stored at 50°, 60°
or 70° ¢. During storage of the albumens, Salmonella,
coliform and total counts were determined; also the solu-
bility of the dried product and the pH, beating rate and
angel cake-making ability of the reconstituted product were

measured.
The results of the tests of enrichment broths indicated
that none of the broths supported the growth of Salmonella
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as well as did nutrient broth; however, Selenite-F or
tetrathionate proved to support the growth of the eight
specles of Salmonells better than did Ruys' medium. Liquid
whole egg seemed to mask the property or propertles of the
broths that were inhibitory to these organismsj the effect
of adding whole egg was especially evident in the case of
Ruys' medium.

Growth of six specles of Salmonella on four differ-
entlal agars showed that BO was less inhibitory than were
the other three selective agars (DCLS, 88, WB). DCLS and
83 were found to be inhibltory to all of the organisms when
tested at the 1 per cent level of significance, while WB
significantly inhibited four of the six species of Salmonella
used in this phase of the study.

The growth of three species of Salmonella was retarded
in egg white at an alkaline pHi this was particularly notice-
able at pH 9.0 and pH 10.0.

The antibloties chlortetracycline, oxytetracycline or
streptomycin incorporated intc egg white or nutrient broth
retarded the growth of 8. senftenberg, 3. oranienburg and
8. pullorum. These antibiotics (0.1 ppm.) retarded the
growth of Salmonells in egg whxﬁa for 12 hours, but were
ineffective when incubatlon was prolonged for 24 hours.

As the temperature of storage of dried albumen was in-
creased from 50° to T0° C., the rate of death of Salmonella
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was increased proportionally. In general, as the molisture
content of albumen was Increased, the death rate of Sal-
monella was increased. There was no apparent difference in
the rate of death of Salmonella in albumen containing either
'1.5 or 3 per cent moiasture.

Under the conditlons of this study, there was less loss
of viability of §. oranienburg during storage of dried albu~

men than was observed in the case of elther S. senftenberg
or §. pullorum. These species of Salmonella survived
storage better in pan dried albumens than they did in spray
dried albumens.

Volume of resultant angel cakes was more affected by
storage of dried albumen than were either solubility or
beating rate of the albumens. However, 1t was possible to
store dried albumen containing 1.5 or 3 per cent moisture
at 60° or 70° C. and eliminate large loads of Salmonella
without significantly impairing the angel cake~making pro-
perties of the reconstituted albumen. High counts of
Salmonella were eliminated in dried albumen contalning
1.5, 3 or 6 per cent moisture and stored at 50°, 60° or
70° €. without noticeably affecting either solubility of
the dried albumen or beating rate of the reconstituted
product.
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