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ABSTRACT 

After a review of the nature of salmonellae, including data 
on the survival of these organisms under both natural and 
food processing conditions, the epidemiology of salmonellosis 
is discussed. Salmonellosis caused by salmonellae other than 
Salmonella typhi and Salmonella paratyphi A, B, and C are 
considered zoonoses, diseases or infa.'tions transmitted be
tween vertebrate animals and man. TMs transmission is sel
dom direct, but usually occurs from the consumption of foods 
of animal origin. However, other products such as soya milk, 
yeast, coconut, cottonseed protein, and carmine dye have 
been, incriminated in outbreaks. A number of circumstances 
must be fulfilled for foodbome salmonellosis outbreaks to 
occur; these include: a reservoir for the infectious agent, a 
mode of dissemination of the organism, contamination of a 
food capable of supporting bacterial growth, enough time at 
a temperature suitable for bacterial growth, and ingestion 
of sufficient organisms by susceptible hosts. Control measures 
must be based on these circumstances. Principles of control, 
therefore, include limitation of (,'ontamination, inhibition of 
growth, and deStruction of the organism. Control of sal
monellosis must be aimed at feed ingredient and feed manu
facturing plants, farms, hatcheries, animal-transporting and 
holding facilities, abattOirs, and food processing plants as well 
as places where food is prepared. 

NATORE OF SALMONELLAE 

Salmonellae are enteric organisms classified in the 
family Enterobacteriaceae. Other genera in the family 
are Escherichia, Shigella, Arizona, Citrobacter (Beth· 
esda-BaUerup ), Klebsiella, Enterobacter (Aerobacter), 
Serratia, Prateus Prooiilencia, and Edwardsiella. Sal
monellae are gram-negative, asporogenous, motile 
(by peritrichous flagellae) or nonmotile, rod shaped 
cells. These organisms have cell wall or somatic (0) 
antigens and flagellar (H) antigens. A capsular (Vi) 
antigen is also found in Salmonella typhi, Salmonella 
paratyphi C, and a few other serotypes. Based upon 
the antigens Salmonella possess, approximately 1200 
different serotypes have been identified. Endotoxins, 
polysaccharide-protein-lipid substances, are liberated 
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upon lysis of the cell. These toxins are identical to 
the somatic antigens. 

Salmonellae are aerobic and facultatively anaerobic. 
They flourish in simple media containing a carbon 
source, as glucose, and a' nitrogen source, as ammon
ium salt. In foods frequently incriminated as vehicles 
of foodborne diseases, salmonellae will multiply at 
temperatures ranging from 44 to 114 F (6). They 
are able to grow rapidly at 59 F on the skin of dress
ed· chickens, even in the presence of rapidly growing 
spoilage flora (36). 

McDade and Hall (58) showed that salmonellae 
survive long~r in the lower ranges of relative humid
ity. SalmoneUa derby was not recovered on glass, 
ceramic tile, polished stainless steel, asphalt tile, and 
rubber tile after 48 hr exposure to a temperature of 
77 F at relative humidities of 53 and 83%, but this 
organism survived 17 days at the same temperature 
when the relative humidity was only 11%. 

Salmonellae can survive on different surfaces and 
substrates for varying periods of time: contaminated 
earth and pasture, over 200 days (51, 79, 84); cloth, 
228 days (62); plastic cover slips, 93 days (62); sweep" 
er dust, 10 months (10); rodent feces, 148 days (85); 
roach pellets, 199 days (61); poultry feces, more than 
9 days (63, 74); dried cattle feces, over 1000 days 
(34); egg shells, from 21-350 days (15, 27,43,63); dri
ed wholneggs, over 4 years; meat salad (4 C), 77 
days (72). In general, longer survival was noted at 
lower temperatures. 

The lowest water activity (a.) at which salmonel
lae (16 strains) grew was 0.945 in liquid media and 
slightly below this figure in foods (16). Water acti
vity values for bacteria (except halophilic organisms) 
usually fall in the range 0.90 to 0.999, but few below 
0.965 (69). Salmonellae showed no growth in a solu
tion containing 8% sodium chloride; they were de
stroyed in a week in brine containing 30% NaCI at 
68 F; but viable cells were found after 1 month in 
solutions containing 12% NaCI (42). About 20% of a 
salmonella population survived in ham- or bacon
curing brine after 15 days (14). 

Salmonellae survived for at least 24 hr at pH 3.95-



132 WHAT THE SANITARIAt'" SHOULD KNow 

4.56. All strains tested' died within 1 hr at pH 3.4 
(41). In ,another study, salmonellae survived as long 
as 170 hr in orange juice (pH 3.5) at 37.6 F (9). In 
lemon juice (pH 2.3) and lime juice (pH 2.5), all of 
several serotypes tested were destroyed within min. 
Salmonellae survived in tomato juice (pH 4.3 to 4.4), 
however, for periods ranging from 10 to 20 days (7). 
A few serotypes survived for as long as 12 hr in com
mercially prepared mayonnaise (pH 3.8) and for as 
long as 6 hr in commercially prepared salad dressing 
(pH 3.2). The same strains survived for 156 hr in 
mayonnaise at pH 5 and for 144 hr in salad dressing 
at pH 4.4 (86). At the alkaline end of the pH scale, 
no growth of 3 serotypes tested was found in liquid 
albumen at pH 9 or 10 (8). Growth was observed, 
however, in the same substrate at pH 6-8 and it was 
twice as fast at pH 7 as at pH 6. 

Salmonellae remain viable in frozen foods for 
several months (29, 32, 54, 64, 83, 94). Upon freez
ing, an initial decline in numbers of viable organ
isms is observed, followed by a leveling-off and slow 
decline during subsequent frozen storage. Reduc
tions of more than 90% often have been observed, but 
when the numbers start in the millions, hundreds of 
thousands survive. There is little destruction at ex
tremely low temperatures (-22 F). Salmonella ty
phimurium survived in distilled water after daily 
freezing and thaWing for as long as 43 days (84). 

When ten million . Salmonella senftenberg 775W 
cells (most heat resistant strain known) per g were 
inoculated into custard and chicken a la king, and 
the foods were rapidly heated to a temperature of 
150 F, the organisms were reduced to nondetectable 
levels within 12 min. Eighty-three min were required 
for the same level of destruction in these foods at 
140 F (6). An earlier study showed similar results, 
88.75 min at 140 F (z value 11.95 F at pH 6.1) (5). 

EPIDEMIOLOGY 

In 1956, only ,1700 human Salmonella infections 
were reported in the United States; from 1964 to 1966 
more than 20,000 bacteriologically proven Salmonella 
infections were reported each year. Whether or not 
this is an increase in incidence can only be conjec
ture; greater interest in salmonellosis, iplproved sur
veillance and reporting, and better methods of iso
lating salmonellae. no doubt account in some measure 
for the change. The recent development of large
volume production of animal feeds, the growing manu
facture of processed foods, and the national and inter
national distributiolil. of these items may have also 
contributed to the increase of salmonellosis. 

All members of the genus Salmonella are patho
genic for man, for animals, or for both. With the 
exc.eption of a few serotypes (S. typhi, S. paTatyphi 

B, Salmonella cholerae suis, Salmonella dublin, Sal
monella pullorum, Salmonella gallinarum, and Sal
monella abortus equi), salmonellae are not host
adapted and may inhabit the intestine of any warm
blooded animal and many species of cold-blooded 
animals. 

After ingestion of salmonellae by man or animals, 
three possibilities occur: the organisms cannot be 
subsequently isolated from feces; an individual re
mains healthy but excretes the organisms (carrier); 
or symptoms develop. The alternative depends upon: 
size of the dose, resistancc of the host, and serotype 
and virulence of the infecting strain. McCullough 
and Eisele (5.5, 56, 57) reported that large numbers 
of salmonellae were required to cause illness in healthy 
adults; individual strains required from 125,000 to 
16 billion cells to cause illness. Infants, the elderly, 
undernourished and debilitated persons, and indivi
duals suffering from concomitant disease,s, ,being more 
susceptible than the adults studied by McCullough 
and Eisele, may he made ill by smaller doses and may 
manifest severe clinical syndromes. For example, 
capsules containing as few as 15,000 Salmonella cU
bana cells caused salmonellosis in these more suscep
tible individuals (44). 

Salmonellae· produce varying clinical manifesta
tions: acute gastroenteritis, typhoidal or septic syn
dromes, and focal infections. Acute gastroenteritis, 
caused by nearly all serotypes of Salmonella, is the 
most frequent syndrome encountered. Salmonellae 
cause inflammation in the small intestine, resulting 
in a sudden onset of abdominal pain, diarrhea, and 
frequently headache, nausea, and vomiting. Fever 
often follows diarrhea. Symptoms appear from 6 to 
72 hr after infection, usually from 18 to 48 hr. Sever
ity varies from mild diarrhea to acute dysfunction
rapid dehydration, bloody discharges, tenesmus, and 
even death. Usual duration of illness is from 1 to 
7 days. Salmonellae are often excreted. for several 
weeks after convalescence. 

TyphOidal or septic syndromes occur in salmonel. 
loses caused by S. typhi, S. paratyphi, A, B, and C, 
S. cholerae suis, but only rarely in salmonelloses 
caused by other serotypes. Infections by S. typhi 
are characterized bya high, sometimes continuous, 
fever; severe headache; and enlargement of the spleen. 
Rose spots may appear on the trunk. Constipation 
is more common than diarrhea. Blood cultures con
tain Vi agglutinins in a great many instances. The 
typhoidal syndrome is sometimes. preceded. by gas
troenteritis by several days. 

Focal manifestations caused by salmonellae include 
appendicitis, cholecystitis, salpingitis, peritonitis: 
meningitis, pneumonia, pleurisy, osteomyelitis, osteo
arthritis, abscesses, urinary tract infections, endocard-
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itis, and pericarditis (11). Besides these manifesta
tions, inapparent infections and excretion of salmonel
lae by carriers are not uncommon. The duration of 
excretion for carriers is abou,t the same as that of 
clinical cases. 

Salmonelloses in animals are similar to those in 
man. Both enteric and septicemic syndromes are 
seen; but manifestations without parallel in human 
pathology are found in the epidemic abortion in mares 
caused by S. abortus equi and in the ovarial infection 
of chickens caused by S. puUorum. 

Salmonelloses caused by salmonellae other than 
the human host-adapted types (S. typhi and S. para
typhi A, B, and C) can be considered zoonoses-dis
eases or infections transmitted between vertebrate 
animals and man. Such transmission is, howeyer, 
seldom direct, but usually results from eating food 
of animal origin. 

Poultry 
Salmonellosis in fowl has long been recognized as 

an important economic burden on the poultry in
dustry. Besides the disease produced, domestic poul
try and wild birds carry salmonellae for long periods 
of time without apparent illness. From 1963-1965, 
over one-half of salmonella isolations from nonhuman 
sources reported to the National Communicable Dis
ease Center were from fowl; bowever, far more cul
tures were taken from fowl than from other animals 
because of the national poultry improvement plans 
for the elimination of pullorum disease and fowl ty
phQid. As a result of testing programs these 2 fowl 
diseases have decreased. In 1956, 70.5% of reported 
isolations from chickens and turkeys were S. puUarum 
and S. gallinarum; in 1965, only 6.2% of isolations 
from chickens and turkeys were these serotypes. 

Small numbers of salmonellae can establish infection 
in chicks (33). Infected poultry have been reported 
to excrete salmonellae for periods ranging from 15 
days to 18 months (1, 2, 15, 25, 70, 90, 95). Sadler 
et al. (67) isolated salmonellae from the intestinal 
tracts of 2.4% turkeys, 2.6% chicken fryers, and 1.2% 
chicken hens upon arrival at processing plants. Four 
years later, by the use of cloacal swabs, Sadler and 
Corstvet (66) found 5.25% turkeys, 1.85% chicken fry
ers and 0.54% chicken hens contaminated with sal-, 
monellae. 

Swine 
Salmonellae can be recovered from feces and mesen

teric lymph nodes of pigs. Of 2,100 slaughtered pigs 
in different slaughter houses in Holland, 25% were 
found to harbor salmonellae in the portal or mesen
teric lymph nodes, in the feces, or in both (39). Mar
ket pigs show higher rates of infection than do pigs 
on farms (24, 31,.40, 45, 59, 71). Salmonellae were 

isolated from 20% and from 50%, respectively, of 2 
groups of 50 pigs from Iowa and from 68% of a group 
of 50 pigs from Arizona (49). Stress factors, includ
ing handling, crowding, cold, lack of food or water, 
and transporting may trigger a mechanism that 
changes an infected, but non-excreter, pig into' an 
excreter (89). 

Cattle 
There are many accounts of severe outbreaks. of 

salmonellosis in calves and in adult cattle. Infection 
is more frequent in calves, and their mortality rates are 
higher. After cattle are infected with S. dublin, they 
may remain carriers for years, however, the carrier 
state for other serotypes is usually shorter (37). Sal
monella infection rates in calves on farms increased 
from an average of 0.5% to an average of 35.6% upon 
slaughter when the calves spent 2-5 days in abattoJr 
pens (4,26, 28). 

Food8 
Salmonellae may reach man by direct contact (man

to-man or animal-to-man) and through his foods and 
water. Of all routes of transmission of salmonellosis, 
food is undoubtedly the most frequent offender. In 
the United States, between 1963 and 1966, 85 out
breaks of salmonellosis were traced to foods; in 29 
(34.1%), eggs or egg products were responsible; in 
18 (21.2%), poultry meat was incriminated; in 9 
(10.6%), red meats and their products were the cause; 
and in the remaining 29, miscellaneous foodstuffs 
were responsible. In England and Wales, during 
1963 and 1964, over one-half of the outbreaks in 
which the vehicle was determined were associated 
with processed meat products (82). 

Eggs. Eggs have structural and bilogical charac
teristics that render. bacterial invasion difficult but 
not impossible. Since the ovaries and oviduct are 
nQrmally sterile, the egg is usually sterile before be
ing laid; but S. pullorum and S. gallinarum chronically 
infect the hen's ovarian tissues and may be trans
mitted directly to the yolk. Salmonellae, however, 
are more commonly transmited to egg shells during 
laying, from droppings, or from fecally-contaminated 
nests. The egg shell is covered with mucin, called the 
cuticle or bloom. Within the shell is an outerand inn
er membrane. The bloom may be removed by washing 
or will disappear during prolonged storage. The 
pores in the shell are large enough to admit sal
monellae, and these organisms can also penetrate the 
membranes (30, 88). Cracked or checked eggs are 
even easier to invade. Once in the egg, salmonellae 
are not markedly affected by inhibitory substances 
naturally present.in eggs (8, 15, 46, 76). High mois
ture and high temperatures promote penetration. 

Cumulative surveys from several countries have 
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shown that only a fraction of 1% of individual shell 
eggs were contaminated with salmonellae. Egg prod
ucts-liquid, dried and frozen whole eggs, yolks, and 
albumen-however, are frequently contaminated with 
salmonellae (75). Kampelmacher discussed surveys 
made in many countries in which 1-16% of egg prod
ucts were found to be contaminated with salmonellae 
(38). In England, from 1961-1963, 6.4-2('1% of im
ported egg products contained salmonellae (35). In 
1963, when only 6.4% of the egg products were posi
tive, 17% of the positive samples were from raw prod
ucts and only 0.6% from pasteurized products. In the 
United States, Wilder and MacCready (87) reported 
that 32% of 456 samples of frozen, unpasteurized eggs 
in the Massachusetts market cpntained salmonellae. 
Ager (3) reported 24% of 1,758 samples of frozen eggs 
positive for salmonellae. During the years 1964 to 
1966, the U. S. Food and Drug Administration re
ported 23 to 33% of their samples of egg and egg
containing foods, taken for official and investigational 
purposes, were found to contain salmonellae. Most' 
of these samples were from unpasteurized sources 
and many were taken as follow-up of problems and 
do not represent national averages. 

Before egg pasteurization became general, sal
monellae were found in many mixes containing eggs 
such as cake frosting, pancake, waffle, whip-powder, 
batter piecrust, cookies, biscuit, gingerbread, dough
nuts, sponge pudding, coconut dessert, and meringue 
powder (78). 

Poultry meat. Although the number of infected 
fowl arriving at processing plants is usually low, sal
monellae are widely disseminated to poultry meat 
during processing. During initial stages of processing, 
in defeathering machines, carcasses are contaminated. 
A few incoming contaminated birds transfer salmo
nellae to rubber fingers and other eontact-surfaces of 
the machines, and these surfaces eontaminate car
casses that are subsequently processed. In a survey 
at a turkey processing plant, defeathering equipment 
was contaminated 76% of the time, and 63% of the car
casses leaving these machines were positive for sal
monellae (13). Other pieces of equipment and work
ers in eviscerating, cooling, and further-processing 
operations also spread salmonellae (12, 13, 18, 19, 23). 
Surveys of dressed poultry collected from poultry pro
cessing plants or from retail markets have shown 
varying, but frequently high, levels of contamination; 
4.4% (68); 14% (77); 1-1('1% (20); 17% (91); 27% (93); 
27% (13); and 50% (87). 

Red meats. An outbreak of human salmonellosis in 
Sweden-one of the largest outbreaks recorded, result
ing in approximately 9,000 cases and 90 deaths-was 
attributed to meat. Animals held in pens for a long 
time, over-crowded processing facilities, inadequate 
cooling, and high temperatures during transport of 

the meat contributed to the outbreak (48). 
Like poultry, red meat becomes contaminated dur

ing processing in abattoirs or processing plants. A 
single infected animal entering an abattoir provides 
a source of contamination for equipment and workers. 
Surveys have shown that many items of equipment, 
such as scald tanks, deharring machines, and tables, 
frequently reveal salmonellae 24, 71). Shotts (71) 
isolated salmonellae from 58% of swabs from environ
mental sources taken after processing, but before 
cleanup; these organisms were also found in 34% of 
swabs taken before operations began-indicating in
ad~quate cleanup. 

In the United States, Felsenfeld and Young (20) 
found salmonellae in 27% of their samples from un
inspected pork, in 14% of those from inspected pork, 
and in 18% of those from hamburger; Wilson et al. 
(91) found salmonellae in 4% of pork samples, in 3% 
of lamb samples, and in 1% of beef samples obtained 
from the Cincinnati market area; Galton et al. (22) 
found salmonellae in 23% of fresh pork sausage samp
les and in 12.5% of smoked sausage samples. In the 
United Kingdom, the proportion of samples from im
ported frozen boneless meat products contaminated 
with salmonellae were: veal, 18.5%, beef, 15.2%; and . 
mutton, 9.8% (35). In Ireland, salmonellae were iso
lated from 3% of pork muscle and from 7('1% of the 
sausage prepared from the same meat (60). Dixon 
and Peacock (17) found 7.5% of Dutch meat contam
inated with salmonellae. In Holland, 6% of pork 
samples taken from butcher shops were positive for 
salmonellae (39). 

Fish. Smoked white fish has been responsible for 
outbreaks involving more than 300 cases of human sal
monellosis. River water used to wash fish and ice 
from the river were probable sources of contamin
ation. The smoking process does not destroy sal
monellae. Fish taken from open waters are free from 
salmonellae, but fish caught in sewage-polluted 
waters have harbored these organisms (81). 

Foods of nonanimal origin. Several outbreaks have 
have been attribued to foods other than those of 
animal origin. In Sweden, an outbreak of salmonel
losis was traced to cereal powder. This powder was 
ground in a mill where African barley-containing 
Salmonella muenchen-had been processed (73). In
a mental institution, a dietary supplement containing 
dried yeast and cottonseed protein cencentrate was 
responsible for an outbreak. Many of the same sero
types that had been recovered from the patients, the 
food supplement, and its raw ingredients, were also 
isolated from samples taken at the cotton gin and 
the yeast plant that had produced the ingredients 
(53). 

When coconut from Ceylon was found responsible 
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for several outbreaks, an investigation disclosed that 
husked coconut meat was not only air dried for 28 
days in the open-where it was subject to contamin
ation by birds, insects, animals, and workers-but 
after air drying, it was washed with contaminated 
water before being shredded. Oven drying did not 
destroy salmonellae already present (92). 

Several hospital-associated cases of S. cubana in
fections were attributed to carmine dye, manufac
tured from female insects of the species Dactylopius 
coccus (coccus cacti), that was used to investigate 
gastrointestinal tract illness. Carmine powder from 
capsules contained 100,000 S. cubana cells per g. 
This red dye is also used in candies, chewing gum, 
meat coloring and preservatives, seasoning, ice cream, 
tomato extracts, and many other products (44). Sal
monellae recently have been isolated from chocolate 
candies. 

Animal feeds 
Mounting evidence points toward rendered animal 

by~products and feeds as sOurces of salmonellae for 
animals. Surveys of over 4,000 samples in England 
(37) revealed salmonellae in 9% of raw ingredients 
and from 2.8% of finished meals; only 0.27% were 
found in pelleted feeds. In the United States, in a 
nationwide survey J52), salmonellae were recovered 
from 7 to 33% of different feed ingredients and in 6% 
of processed feeds. Five years later in a more com
prehensive survey covering 26 states, similar obser
vations were made (80). 

Magwood et al. (50) observed that rendered meals 
were recontaminated after cooking and expelling. 
Positive samples were found after grinding and from 
storage foom floors and ledges. 

Cycle of transmission 
From the foregoing discussion, the cycle of trans

mission of salmonellae is graphically illustrated in 
Figure 1. 

DETEL'TING AND IDENTIFYING THE Ol\GANISM 

Although the numbers of salmonellae in a sample 
can be estimated by a most probable number method, 
qualitative methods are usually used to detect sal
monellae in foods. Samples of food (25-30 g) or 
swabs taken from food surfaces or processing equip
ment are usually put into 1 of 2 selective enrichment 
broths, tetrathionate or selenite. Additives, such as 
brilliant-green and sodium sulfathiazole for tetrathion
ate and cystine for selenite, enhance their effective
ness. Enrichment incubation time is usually, from 
24 to 48 hr. In dried or frozen foods where sal
monellae are in a state of dormancy or' inanition, pre
enrichment with lactose, or nutrient, broths may be 
used to enhance growth prior to enrichment. Pre-

enrichment requires an additional 8-48 hr. 
After enrichment, the culture is streaked onto one 

or more selective, differential media. Bismuth sulfite, 
SS, or MacConkey agars may be used, but brilliant
green agar (frequently containing sulfadiazine to in
hibit pseudomonads) is preferred for isolating sal
monellae from foods (21). Incubation requires 24 
hr. Suspect colonies (transparent pink to deep 
fuchsia colonies on the red portions of the plate) are 
picked and inoculated into a triple-sugar-iron, agar 
slant. After overnight to 24 hr incubation, the slants 
are checked for typical salmonella reaction: acid (yel
low) butt; alkaline (red) slant, gas, and hydrogen 
sulfide (black deposits). 

Growths that show typical salmonella reaction are 
then subjected to slide agglutination test with com
mon somatic ( 0) antisera. Cells from slants sus
pected of eontaining salmonella are also grown in H 
broths (or similar media), phenolized, and tested for 
precipitation with Spicer-Edwards pools containing 
flagellar (II) antisera. These serolOgical tests dis
close group 0 antigens and one phase of the H anti
gens. Biochemical tests may be performed for con
firmation before, sending cultures to a reference lab
oratory for typing. There, serotyping( determining 
the exact antigenic composition of the organism) can 
be acomplished by reversing phases and testing for 
single antigens. 

The time required to determine the presence of 
salmonellae in a food sample (selective enrichment 
through slide agglutination) is at least 3 days. Bio
chemical testing and testing for H antigens requires 
another day or two. Complete serotyping requires 
several days after the sample arrives at a reference 
laboratory. Serotyping is essential for identifying 
vehicles and sources of the organism responsible for 
outbreaks. The same serotype should be identified 
in the patients and in the incriminated food. Strains 
of a few serotypes (S. typhi, S. paratyphi B, and S. 
typhimurium) can -be more definitively identified by 
phage typing. 

CONTROL 

Control of salmonellae is simple in principle: limit
ation of contamination, inhibition of growth, and 
destruction of ,the organism. The first principle, 
limitation of contamination, involves: preventing C9n
taminated raw ingredients from contaminating finish
ed products; practicing good personal hygiene and 
disease control; cleaning spillage immediately; clean
ing and disinfecting all product contact surfaces of 
equipment; designing equipment and plant layout to 
promote rapid process flow, to prevent contaminating, 
a, ir flow, to avoid prodUCing aerosols or spray, and to~ 
facilitate cleaning and disinfecting operati.ons; using ~ 
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potable process and wash water; and preventing con
tamination· by insects, rodents, birds, sewage back-
flow and drippage. •. 

. The second principle, inhibition. of growth, re
quires that foods be held at 42 F or below or 116 F 
or above and processed rapidly. Other applications 
of this principle are removing moisture, lowering pH 
below 4.5, increasing salt concentration above 8% 
NaCI, and adding certain chemical substances that 
inhibit growth of salmonellae but do not interfere 
with taste, functional properties, or safety of the food. 

The third principle, destruction of the· organism, 
can be accomplished by heat, irradiation, ·low pH, 
and gaseous disinfection. These procedures require 
sufficient temperature or concentration for a sufficient 
time to assure destruction of salmonellae in the par~ 
ticular food or feed substrate in question. 

These principles must be applied to a complex of 
operations carried out in processing feed ingredients, 
manufacturing animal feeds, raising domestic live
stock, hatchmg poultry, transporting and holding 
livestock, slaughtering animals, processing foods, and 
preparing and serving foods. Control measures re
lating to each area will be briefly discussed. 

Feed ingredients 
Rendering livestock and poultry by-products re

quires temperatures sufficiently high to kill salmonel
lae. Heating and dehydrating in conventional cook
ers takes 3.5 hr and temperatures up to 230 F are 
reached; products rendered in continuous cookers 
reach 200 F; fish are processed at slightly lower 
temperatures. The essential element for the control 
of salmonellae is to prevent. recontamination. Some 
problems that contribute to recontamination of ren
dered feeds are aerosols produced by grinders, com
mon rooms or equipment to handle or convey.raw 
and finished products, and use of river water to pump 
fish from boats to storage facilities and conveyors. 
Recontamination can be limited by physically separ_ 
ating processed materials from raw ingredients, by 
keeping workers employed in incoming raw ingredient 
areas away from the processing area beyond the 
cookers, by vector- and bir?--proofing plants, and by 
protecting processed feeds during conveyance and 
storage. The National Renderers Association spon
sors researeh on the feasibility and development of 
terminal heat treatment to destroy salmonellae in 
finished products. Equipment under study in this 
program uses a temperature of 210 F for 3 to 5 min 
on ingredients whose moisture content is 8%. 

Feeds 
. Ideally, animal feedstuffs should be made up from 

ingredients free of salmonellae, but at the present 
·'stage of the art of. rendering and sampling, it is im-

possible to guarantee the absence of these organisms. 
Rossow and Darby (65) showed that pelleting will 
reduce Salmonella contamination if the initial level 
is low. In this process, temperatures reach a range 
of 160 to 180 F for periods of 2 to 16 sec in ingre
dients whose moisture is between· 11 and 16%. The 
expansion-extrusion process, attaining temperatures 
of 200 to 350 F for periods of 45 to 60 sec in in
gredients whose moisture content is 30%, is quite 
effective in reducing Salmonella contamination. Some 
countries require treatment of feeds by procedures 
such as steam injection or autoclaving for feedstuffs 
that do not have a history of adequate heating. Ir
radiation may become a future solution for destrOying 
salmonellae in feedstuffs, but it is still too costly for 
general use. Unless bagging and storage areas and 
transportation facilities are free of contamination, 
the product's freedom from salmonellae will be jeo
pardized. 

Farms 
Sanitarians have done much to improve sanitary 

conditions on dairy farms, but there has been little 
organized activity useful in the control of salmonellae 
on other types of farms. Incoming feed, new poults 
and chicks, or replacement stocks can introduce sal
monellae to farms. Once a particular serotype has 
been introduced to a farm, in many instances, it sur
vives there for months or even years. Feeds should 
be stored so they· will stay dry and safe from con
tamination by rodents, birds, or domestic livestock 
and poultry. If feeds containing small quantities of 
salmonellae ate wet by weather or animal excreta, 
the organisms multiply. Animal drinking water is 
often overlooked as an important source of salmonel
lae; troughs become contaminated by animal feces, 
feed, and barnyard debris. Salmonellae in troughs 
can survive several days or may even multiply if 
sufficient organic matter is present and if tempera
tures are adequate. Environmental sanitation of 
equipment, bams, broiler and breeder houses, pens, 
and farmyards aid in Salmonella control. Serological 
detection of adult carriers in breeder flocks has been 
used successfully to detect S. pullorum and S. galli
narum, but these procedures have had only limited 
application and success for detecting other serotypes. 
Intestinal carriers of salmonellae may exhibit no sero
logical response. Serological testing of animals is 
limited to areas where a particular serotype is known 
to be a problem. 

Hatcheries 
Formaldehyde fumigation of eggs on farms reduce 

shell contamination. Frequent collection, segregation 
of dirty eggs, and storage in a cool place will also 
help. After eggs arrive at a hatchery, they should 
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be fumigated with fonnaldehyde after they have been CYCLE OF TRANSMISSION OF SALMONELLAE 
put into incubators. Mter each hatch, incubators 
should be thoroughly cleaned, disinfected, and final- RENDERED PRODUCTS 

ly fumigated with formaldehyde (1.2 ml of fonnalin 
mixed with 0.6 g potassium pennanganate per ff of 
space for 1 hr). 

Transportation and holding animals 
Animals in transport and in holding pens should 

be neither overcrowded nor held for long periods of 
time. Feeding facilities, troughs, pens, and trucks 
should be of sanitary design and kept in a sanitary 
condition. 

Food processing 
Animals or products of animal origin may introduce 

salmonellae into processing plants. Processing, when 
possible, should be effected within the bacterial lag 

'. period (2 to 3 hr) to prevent bacterial multiplication. 
, In general, to insure destruction of salmonellae, 

foods must' be heated to internal temperatures of 160 
or 165 F, but if these temperatures cause undesirable 
changes in products, lower temperatures for longer 
intervals can be effective in many instances. Low 
temperatures, for instance, have been used to pas
teurize eggs. The following methods have been ap
proved by the U. S. Department of Agriculture (47); 

1) Whole eggs: heat to not less than 140 F for 3.5 min. 
2) Egg wWtes: 

a) neutralize pH, add aluminum to stabilize conalbumin, 
heat as above. 

b) heat to 125 F for 1 min, add 0.75% hydrogen per
oxide, . hold for 2.5 min. 

c) heat to 125 F, add 0.1% peroxide, hold for 3.5 min. 
d) adjust pH to 9, heat to 134 F, hold for 3.5 min. 

3) Dried egg wWtes with moisture confent greater than 6%: 
incubate to 125-130 F and hold for 7-10 days. 

4) Yolks: heat to 144 F for 3.5 min or to 140 F for 7 min. 
5) Sugared or salt yolks: heat to 148 F for 3.5 min or to 

144 F for 7 min. 

Foods that undergo heat treatment, and that are not 
ordinarily cooked later, require measures to prevent 
recontamination. Processed potentially hazardous 
foods should be chilled as fast as feasible ,and held 
at temperatures no higher than 45 F for storage per
iods not exceeding 2 days, and at 40 F or lower for 
storage exceeding 3 days. \ 

Laboratory testing for salmonellae in incoming, in
gredients , (or animals), line samples, eqmpment sur
faces; and, finished productS is necessary to disclose 
areas needing intensified control efforts. 

Food service 
One problem of epidemiological significance tliat 

is often overlooked in routine inspections is cross
contamination from raw products to finished products. 
Raw foods of animal origin (cracked eggs, poultry, 
red meats) are frequently contaminated with sal
monellae and can contaminate workers' hands or prep-

CROSS CONTAMINATION 

Figure 1. Cycle of transmission of salmonellae. 

aration equipment. This contamination can then be 
transferred to foods that are not subsequently heat 
processed. 

Unless the treatment will impair quality, foods 
should be heated to 165 F; if a food cannot be so 
treated, control must be based on limiting contamin
ation and preventing multiplication. (See, Part I of 
this paper for details.) 

CONCLUSION 

Effective prevention of staphylococcal intoxications 
and salmonellosis depends on an awareness of the 
characteristics, of the organisms and the nature of the 
problem they pose. Surveillance of foods and human 
illness is a necessary requisite for control. Feed 
manufacturing, fann environmeMs, and food pro
cessing plants, as well as food-service establishments, 
need emphasis in salmonella control programs. With
in these establishments, daily supervision by an in
fonned management is essential for effective control. 
The misconception that the so-called "ubiqmtous" or
ganisms cannot be controlled must be replaced with 
a feeling of detenninliltion to ~pply the known princi
ples of control (limitation of contamination, inhibi
tion of growth, and destruction of organisms) to feed 
or. food production, processing, or, preparation. 
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JUNKED AUTOS 

A new approach to a familiar eyesore and health hazard
junked autos-is being investigated by E. J. Wren of the Gulf 
South Research Institute, Baton Rouge, Louisiana. Mr. 'Wren 
intends to fill junked automobiles with worn-out tires and 
squash the cars with special compacting equipment. 

The flat steel masses will be interlocked, through a special 
die developed by the research project, and placed along a 
river bank to protect the levee slopes and prevent erosion by 
wave action. 

Henry C. Steed, Jr., Chief of the Office of Grants Adminis
tration of the Public Health Service's National Center for 
Urban and Industrial Health in Cincinnati, today annmmced 

a $44,374 grant to support the one-year research project. 

Under Mr. Wren's plan, the compacting equipment could 
be installed on a Mississippi River barge. The barge will 
travel up and down the Mississippi River, stopping at col
lection points to flatten out the junked cars and tires. The 
interlocking junk will be concealed from view by willow 
trees which grow along the levees. 

Mr. Wren will consult with the Army's Corps of Engineers 
on the problems of installing the meta.l shapes along a river 
bank. The project, aecording to Mr. 'Wren, might well be 
used on other navigable rivers and lakes. 


