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INTRODUCTION 

Foods thof contain Salmonella present a significant health hazard to the 

consumer (National Academy of Sciences, 1969). There are more than 1700 

known Salmonella serotypes and variants; every serotype is potentially capable 

of producing on infection in man (Edwards and Galton, 1967). Consumption 

of food products containing these organisms may result in salmonellosis, a 

foodborne or waterborne infection characterized by gastroenteritis, usually 

12 to 36 h following consumption of the contaminated source. Salmonellosis 

has become the most important animal-borne bacterial infection of man 

(Weîner, 1974). The presence of salmonellae in animal feeds also poses 

problems to the poultry and livestock industries. Because of salmonellae 

infections there are losses due to the death of young livestock and poultry as 

well as decreased milk and egg production and reduced weight gain. Also, the 

nssd tc producs îcImonsUGS free products require: that the food industry 

maintain costly testing and control programs and absorb losses due to the 

disposal of contaminated products. 

The Center for Disease Control (CDC) recorded 23,285 isolations from 

humans in 1976 (Center for Disease Control, 1977), This was a decrease of 

160 coses from the previous yeor but doesn't reflect a decrease in the 

incidence of salmonellosis. Fewer cases were reported because reporting 

centers have reduced their activities primarily due to budgetary reductions. 
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Beef or beef products were the most probable vehicle of transmission involved 

in the 42 outbreaks reported to CDC in 1976. Cohen and Bloke (1977) 

reported that between the years of 1963 and 1975 the number of meat-

associated outbreaks, particularly beef, increased while poultry-associated 

outbreaks showed no significant trend, and egg-associated outbreaks 

declined significantly. However, the number of coses reported to CDC is 

only 0 small percentage of the true incidence of salmonellosis in the United 

States. Aserkoff et al. (1970) mode an estimate of the number of actual cases. 

They stated, that, "Data on the number of unreported coses obtained from 

investigations of several large epidemics suggest that the actual incidence 

may be as great as 100 times that reported." 

A great deal of research has been done in the area of solmonelloe 

detection methodology because improvements would be beneficial to both the 

consumer and food processor. Much of this work has involved the development 

of more effective enrichment medio used to enhance the isolation of solmoneliae 

from foods. 

The present study was undertaken to determine the feasibility of combining 

the separate steps of preenrichment and selective enrichment used in solmoneliae 

ossays into a single enrichment step. This was attempted by adding the 

appropriate selective agents by pipette to a nonselective basal medium after a 

sufficient period of preenrichment to allow injured solmoneliae to undergo 
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cellular repair in the absence of inhibitory agents. Following the addition 

of selective agents, on environment would be created in which the 

resuscitated salmonellae would proliferate but the growth of competitors 

would be inhibited. The purpose of this modified enrichment procedure was to 

provide a reliable method which would shorten incubation time, reduce the 

materials and labor required, and enhance the detection of injured salmonellae 

in comparison to conventional salmonellae detection procedures. 
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LITERATURE REVIEW 

Introduction 

Before literature reports are presented, on introductory discussion is 

given here on the basis for the methodology involved. 

The methods used to examine various foods for Salmonella often differ 

from those procedures utilized by clinical and public health laboratories. Samples 

must undergo some type of liquid enrichment step since food or feed samples cannot 

be plated directly onto selective agars, particularly when the products are 

processed by heat, cold, or drying. Commonly used procedures for analyzing foods 

for salmonelloe utilize 5 basic steps: (i) preenrichment and/or selective enrichment; 

(ii) plating the enrichment broth on selective or differential ogars; (iii) biochemical 

screening; (iv) serological screening; and (v) final identification of the isolates. 

Liquid enrichment media are used to favor the resuscitation of injured 

salmonellae and enhance the growth of those salmonelloe present. Since foods 

undergo processing steps such as heating, freezing, and drying, any salmonellae 

not destroyed may exist in a sublethal I y injured state. Highly selective media may 

not allow these injured organisms to regain viability. Such organisms may be 

undetected, and then the result might be the release of products containing 

Salmonella into consumer channels. Similarily, competing gram negative bacteria, 

such as pseudomonads, Proteus, and coliforms, unless inhibited by a selective 

enrichment step, may inhibit or mask the growth of salmonelloe on selective agors. 
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These problems ore overcome by using both nonselective and 

selective enrichment medio which Favor the resuscitation and resulting 

multiplication of those stressed salmonellae present. A nonselective 

enrichment step enables injured cells to undergo repair in the absence of 

inhibitory selective agents. Following this nonselective preenrichment step, 

portions of the enrichment or products that are highly contaminated and 

haven't undergone sublethal processing are inoculated into selective 

enrichment media. The multiplication of competitors is limited by the 

selective enrichment step while those salmonellae present are able to multiply 

readily. Thus, higher levels of Salmonella result from selective enrichment 

and increase the number of salmonellae plated on selective agars, 

Preenrichment 

Processed foods may often contain a population of stressed or sublethally 

injured microorganisms (Busto, 1976). Unless analytical procedures are used 

that take this phenomenon under consideration, injured salmonellae In such 

products may not be detected. The preenrichment step was designed to 

alleviate the problem by providing a nonselective environment in which stressed 

salmonellae could recover. Greater levels of salmonellae would then be 

availâblê fer inoculation into selectlvs madîg. This would enhance the 

detection of low numbers of Salmonella in the presence of large populations of 

competing microorganisms. Preenrichment is not recommended for heavily 
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contaminated products such as raw meats. Use of a nonselective enrichment 

would favor the growth of other organisms in the food or feed which would 

interfere with the isolation of those salmonellae present. Inactive cells 

readily regain metabolic activities in a suitable nonselective preenrichment 

medium. 

The usefulness of preenrichment was suggested by Slocum (cited in 

Dock, 1955). One of the first investigators to demonstrate the effectiveness 

of preenrichment to enhance the detection of salmonellae was Thomson (1955). 

He was able to recover Salmonella paratyphi B from flour stored for a period of 

one year by utilizing nutrient broth as an enrichment medium. No salmonellae 

were recovered from flour samples inoculated directly into selenite F broth 

after only 5 months storage. Byrne et al. (1955) enhanced the isolation of 

Salmonella from active dried yeast by incubating the yeast in distilled water for 

24 h prior to selenite F enrichment. 

The most commonly used preenrichment medium is lactose broth which 

has demonstrated the best recovery rates (Troller, 1976, and Litchfield^ 1973), 

The use of lactose broth as a preenrichment medium was first described by 

North (1961). The detection of low levels of salmonellae in dried egg albumen 

was greatly improved when lactose broth was used as a recovery medium prior 

to selective enrichment. Several workers confirmed the effectiveness of North's 

procedure of preenrichment in lactose broth. Taylor and Silliker (1961) observed 

that preenrichment In lactose broth was superior to direct inoculation of 
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tetrothionate and selenîte-cystîne broths. They also found lactose 

preenrichment to be more efficient than preenrichment in buffered water. 

Taylor et al. (1964) found the direct enrichment method of the Food Hygiene 

Laboratory of England and the procedure of using lactose broth as a preenrichment 

medium in the United States to be comparable. The effectiveness of preenrich­

ment in lactose broth before selective enrichment was also demonstrated in 

studies by Hail et al. (1964). Preenrichment in lactose broth was adopted for 

use in salmonellae assays by the Food and Drug Administration (1969), the 

Association of Official Analytical Chemists (Poelma, 1967) and the International 

Commission on Microbial Specifications for Foods (Thatcherand Clark, 1968). 

The usefulness of preenrichment in lactose broth was more recently demonstrated 

by Gobis and Silliker (1974). Preenrichment in lactose broth prior to selective 

enrichment increased the recovery of salmonellae from high moisture foods. 

Because most Salmonella are unable to ferment lactose, many investigators 

hove advocated the use of preenrichment medio containing carbohydrates that 

salmonellae ore able to ferment. Salmonella, though, can readily multiply to 

large populations in lactose broth, Mannitol purple sugar broth was used for 

preenrichment by Taylor (1961). Preenrichment in this medium was superior to 

direct enrichment or centrifugation of samples. Taylor and Silliker (1961), in 

confirming the lactose preenrichment method of North, observed no difference 

in recovery among dulcitol, lactose, mannitol, or purple sugar broths. Geritcher 

and Sechter (1966) compared recovery in different carbohydrate broths to direct 
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selective enrichment. They found preenrichment to be superior but found no 

advantage of dulcitol or mannitol broths over lactose broth. More recently, 

von Schothorst and van Igusden (1972) also observed no advantage of dulcitol 

broth over lactose broth for preenrichment of nonfat dry milk containing injured 

salmonellae. Kaper et ol. (1977) isolated more salmonelloe from estuarine water 

samples that were preenriched in dulcitol and inositol broths in comparison to 

preenrichment in lactose broth. However, water samples interact quite differently 

with salmonellae enrichment media than do food or feed samples. 

Numerous methods of preenrichment which do not utilize lactose broth 

hove been presented in the literature. Salmonellae in egg albumen were 

concentrated by Sugiyama et ol. (1960) by preenriching samples in lauryl 

tryptose or nutrient broths containing polyvalent antiserum. Improved recoveries 

were obtained by centrifuging the flocculated organisms prior to selective 

enrichment. Taylor and Silliker (1961) also enhanced detection of salmonellae 

using centrlfugatfon of samples. The cenrrifugorion srep incfewcd fêcovaries by 

separating the bacteria from soluble foods which had caused reductions in the 

selectivity of enrichment broths. Preenrichment of whole dried egg in nutrient 

broth was more efficient than direct enrichment in selenite broth (Hobbs, 1963) 

or tetrothionote broth (Golton et ol. 1964). 

Sterile water or reconstituted nonfat dry milk containing low concen­

trations of crystal violet or brilliant green dyes was suggested by North (1960) 

for use OS o preenrichment medium for dried foods. Pôèlmâ èt al. (1969) also 
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confirmed the usefulness of reconstituting dried foods in sterile water 

containing brilliant green dye. The Food and Drug Administration (1976) 

currently recommends this preenrichment procedure for various desiccated foods. 

Suspending food samples for several hours in phosphate buffer followed by 

overnight incubation in lactose broth was suggested by Montford and Thatcher 

(1961). Mossel and Ratto (1970) detected more injured Enterobocteriaceae in 

dried foods incubated for 1 to 6 h at room temperature in tryptone soya peptone 

broth than in samples incubated at 30 C overnight in lactose broth. Thermally 

injured S. typhimurium multiplied more readily in trypticase soy broth (TSB) than 

in lactose/ nutrient, or louryl tryptose broth (Clark and Ordal, 1969). Resusci­

tation of stressed salmonellae subjected to desiccation was more complete in 

TSB than lactose broth (van Schothorst and van Leusden, 1972). No differences 

in recovery were observed by Wilson et al. (1975) when either TSB or sterile 

distilled water were used as preenrichment media for salmonelIae-contaminoted 

samples of pressed yeast and dried inactive yeast. 

Recently, the use of buffered peptone water has been suggested by many 

researchers. Edel and Kampelmacher (1973, 1974) used buffered peptone water 

OS a preenrichment medium for comparative studies of Salmonella isolations from 

feeds and naturally or artificially contaminated minced meat. Their 

preenrichment method produced more salmonellae isolations than methods in which 

direct selective enrichment was utilized. Buffered peptone water was equal to 

lactose broth as a preenrichment medium for recovery of salmonellae from egg 
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products (van Schothorst and van Leusden, 1975a). Vassiiiadis etal. (1976) 

recovered more salmomellae from minced meat- preenriched in buffered peptone 

water than those samples placed directly in selective enrichment broths. In 

another comparative study (Smith, 1977), low numbers of salmonellae were 

detected using buffered peptone water prior to selective enrichment of animal 

feeds. Harvey and Price (1977) enhanced the recovery of Salmonella from 

sewage samples by using buffered peptone water as a preenrichment medium 

prior to selective enrichment in tetrathionote broth. More salmonellae were 

isolated by Thomason et al. (1977) from environmental samples enriched with 

buffered peptone water than lactose broth or directly enriched in selective 

media. They believed their results were due to the ability of the competitors 

to reach much higher levels in lactose broth than in buffered peptone water, 

and thus not be suppressed sufficiently in the selective media. Thomason and 

Dodd (1978) isolated more salmonellae from ground beef, pork sausage, and 

chicken livers which were either preenriched in buffered peptone water or 

directly enriched in tetrathionote than from those samples preenriched in lactose 

broth. 

Selective Enrichment 

Sélective enrichmsnt broths ere used in Salmonella isolation procedures 

to favor and enhance the growth of salmonellae while inhibiting other organisms 

present in the food sample. The various selective media utilized have been 
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extensively reviewed by Galton et al. (1968), Litchfield (1973), and 

Fagerberg and Avens (1976). 

There are numerous types of Salmonella enrichment media but the most 

commonly utilized for food samples are selenite-cystine broth (North and Bartram, 

1953) a modification of Liefson's (1936) selenite broth and Mueller's (1923) 

tetrathionate broth as modified by Kauffmann (1930, 1935) with the addition of 

brilliant green and bile salts. Kauffmann (1935) demonstrated the need for 

selective enrichment when he used tetrathionate brilliant green broth to 

examine fecal specimens from patients with acute gastroenteritis. The number 

of isolations of Salmonella on brilliant green phenol red agar (Kristensen et al. 

1925) increased by 500 per cent when enrichment was used rather than no 

selective enrichment prior to plating. 

Since many modifications of the existing salmonellae enrichment media 

have been made, it is apparent that no one medium is capable of providing 

consistent isolations of salmonellae. Part of this variability is due to diversity 

among serotypes and the detrimental effects that various foods have on the 

selectivity of the enrichment broths. Silliker and Taylor (1958) demonstrated 

a decrease in selectivity of selenite and tetrathionate broths due to the addition 

of different foods. Modifications are made to enhonce the suppression of 

competing gram negative organisms such as Proteus, Pseudomenas, and 

coliforms, and various gram positive bacteria. 
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The modification of selenite F broth by North and Bertram (1953) 

included the addition of cystine and a decreased phosphate concentration. 

Cystine enhanced the growth of salmonellae in the presence of large amounts 

of organic material. Use of selenite-cystine broth resulted in enhanced isolations 

of salmonellae from egg products compared to recoveries with selenite F broth. 

Another modification of selenite F broth included the addition of brilliant green 

alone (Stokes and Osborne, 1955) or with sulfapyridine (Osborne and Stokes, 

1955). These modifications were designed to inhibit Escherichia and Proteus 

while allowing very low numbers of salmonellae to reach detectable levels. 

Silliker et al. (1964) reported the selectivity of selenite broth was improved by 

the addition of a sterile filtrate of feces which aided in the inhibition of 

competitors. The substitution of dulcitol for lactose in selenite broth (Raj, 

1966) was claimed to improve the isolation of salmonellae from seafoods. 

Grau and Smith (1972) described mannitol -selenite-cystine broth which gave 

improved recoveries of salmonellae from sheep feces in comparison to nutrient 

broth, tetrathionate, and mannitol-selenite broths. 

Numerous modifications of tetrathionate broth have been made to aid 

in the isolation of salmonellae from foods. Kauffmann's addition of brilliant 

green to tetrathionate broth (1930, 1935) has been widely accepted by many 

regulatory agencies (Fagerberg and Avens, 1976). In order to reduce the 

growth of Proteus in tetrathionate broth, Galton et al. (1950) added sodium 

sulfathiazole, Jeffries (1959) used novobiocin, and Jameson (1961) added 
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1% sodium lauryl sulfate and bismuth sulfite to suppress the growth of 

Proteus in sewer samples. A problem exists with these modifications though, the 

possibility exists of increasing the inhibitory effects of the medium against 

Salmonella (Litchfield, 1973), 

The most commonly utilized modification of tetrathionate broth with or 

without brilliant green is the addition of a wetting agent, sodium heptadecyl 

sulfate (Tergitol 7). This compound aids in dispersing and emulsifying the fat 

layer in the enrichment broth when fatty foods are analyzed (Galton et al. 

1954). Morris and Dunn (1970) added Tergitol 7 to tetrathionate brilliant green 

broth and reported the improved detection of salmonellae in pork sausage. 

Another modification of tetrathionate broth by Hajna and Damon (1956) has not 

been evaluated extensively. These workers enriched tetrathionate brilliant 

green broth by including yeast extract, dextrose and mannitol, and replaced the 

bile salts with sodium deoxycholate. 

Many investigators have reported the inhibition of various serotypes in 

commonly used enrichment medio. Literature reports indicate that no one 

medium allows maximum recovery for all serotypes (Fagerberg and Avens, 1976, 

and Kofel and Bryan, 1977). Gondstrup et al. (1969) suggested using both 

tetrathionate and selenite-cystine broths to insure detection of all salmonellae 

since inhibitory compounds which effected certain Salmonella were detected in 

selenite broth. The use of two different enrichment media in combination has 
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been demonstrated to increase recovery of salmonellae by many 

investigators (Huhtanen and Naghski, 1972; Tompkin and Kueper, 1973; 

Gab is and Silliker, 1974; and Silliker and Gabis/ 1974). 

Because certain Salmonella serotypes are unable to multiply in selenite 

and tetrathionate broths, several media that utilize different inhibitory compounds 

hove been introduced. Brilliant green when added to MocConkey broth (Smith, 

1959) increased isolations of S. cholerasuis. Gram negative broth (Hajna, 1955) 

is less inhibitory to Salmonella than other selective enrichment media but its 

usefulness as on enrichment medium for foods has not been determined. Cox 

et al. (1972) examined poultry products and chicken feces and obtained some­

what lower recoveries with gram negative broth than with selenite-cystine and 

Rappaport broths. 

Rappoport broth as described by Rappaport et al. (1956) is on enrichment 

broth containing magnesium chloride and malachite green, which permits 

unrestricted growth of salmonellae but inhibits coliibrms. Even though the 

medium was originally developed for use with clinical specimens, several groups 

have obtained variable results when using Rappaport broth as an enrichment 

medium for foods (Litchfield, 1973). Recently, Vassiliadis et al. (1976) 

demonstrated a slight superiority of enrichment of minced meat in Rappaport 

broth in comparison to enrichment in tetrathionate broth. 

Banic (1964) described a magnesium selenite medium which was 

superior to tetrathionate broth for isolating S. typhi but unsuccessful in 
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comparison to other enrichment broths for detecting other solmonelloe. Two 

enrichment media, strontium chloride and strontium selenite broths, which also 

incorporated specific ions to achieve a selective environment were introduced by 

Iveson and MacKay-Scoilay (1969). These media are claimed to suppress the 

growth of Proteus more readily than selenite or tetrathionate broths. The 

analysis of solmonelloe contaminated samples from man, animals, meat products, 

and obbatoir effluents showed greater isolations with strontium selenite and 

strontium chloride broths than selenite F broth (Iveson and Mac Kay-S col I ay, 1972). 

Strontium selenite was also superior to selenite F broth in detecting S. typhi 

(Chou and Forrest, 1972). 

Hargrove et al. (1971) introduced neutral red-lysine-iron-cystine broth 

for the isolation of Salmonella from dairy products. This medium was modified 

by Hoben et ol. (1973) for use in determining the presence of solmonelloe in 

foods. Their modification, lysine-iron-cystine-neutral red broth was useful as 

a rapid technique in screening Salmonella negative samples and presumptively 

identifying solmonelloe positive products. Lysine-iron-cystine-neutral red 

broth was used as an alternative to conventional plating medio for the 

presumptive identification of salmoneilae (D'Aoust, 1977a). Satisfactory results 

were obtained with samples first enriched in tetrathionate brilliant green broth 

but unreliable results were obtained from samples enriched first in selenite-

cystine broth. 
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Although many claims have been made advocating the effectiveness of 

the aforementioned media, the literature indicates that of all the medio reviewed, 

sel en ite-cystine and tetrathionate broths or minor modifications of them will give 

the highest recovery of salmonellae from foods. Since various serotypes vary in 

their response to selenite-cystine and tetrathionate broths, the use of both in 

parallel is recommended for maximum detection of salmonellae. Selenite-

cystine and tetrathionate broths are recommended for use as selective enrichment 

medio by the Food and Drug Administration (1976), the Association of Official 

Analytical Chemists(1975a)and the National Academy of Sciences (1971), 

Injury 

When subjected to environmental stresses, microorganisms may become 

subletholly injured. A characteristic of this injured state is the inability to 

tolerate conditions in which normal cells would readily multiply. When a 

suitable recovery medium is provided, a damaged cell may undergo resuscitation 

and regain its normal metabolic functions. Processes utilized in the manufacture 

of foods such as freezing, freeze drying, heating, desiccation, acidification, 

and irradiation will induce an injured condition. Busta (1976) indicated the 

need to recognize the importance of injured microorganisms in foods so that 

adequate procédures woyld bs yssd to dstarmina the presence of spoilcae types 

and pathogenic organisms after being stressed. 

The detection and enumeration of injured microorganisms in foods has in 

the lost few years received much attention in the literature. This subject has been 
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reviewed by Ray and Speck (1973a); Kueck (1974); Lanz (1975); van 

Schothorst (1976); Busta (1976); and Hurst (1977). Injury of fbodborne 

microorganisms with on emphasis on the Enterobacteriaceoe has been 

associated with cells exposed to heating (Clark and Ordal, 1969; Tomlins 

and Ordal, 1971; Wilson and Davies, 1976; Tomlins and Ordal, 1976; and 

D'Aoust, 1978), freezing (Ingram and Mac key, 1976; and Speck and Ray, 

1977), freeze drying (Sinskey and Silverman, 1970; Ray et al. 1971a and 

1971b), drying (van Schothorst and van Leusden, 1972 and 1975b), irradiation 

(Licciardello et al. 1970; and Maxcy, 1977), sanitizers (Scheusner, et al. 

1971a) and acidification (Roth and Keenan, 1971). Two manifestations of 

environmental stresses will be reviewed: the sensitivity of injured cells to 

selective agents and the time required for repair of stressed cells. 

Many investigators have demonstrated the increased susceptibility of 

injured cells to secondary stresses. For purposes of this review concerning 

selective agents, injury can be defined as an increased or totally new 

sensitivity to selective agents, antimicrobial compounds or similar substances 

present in the growth medium being utilized (Busta, 1976). The sublethally 

impaired microorganisms are inhibited by conditions which would not affect 

the growth of normal cells. Because of this effect, microbiological procedures 

that utilize selective media may fail to detect injured organisms that are unable 

to replicate in an inhibitory environment. A major characteristic of injured 

cells is an extended lag phase, commonly referred to as the time required to 
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repair cellular damage or undergo resuscitation. 

As indicated in the introductory statement to this section, injured 

microorganisms, if provided with a suitable, noninhibitory recovery medium, 

are able to repair cellular damage and return to a normal physiological state. 

Various repair times have been reported with many researchers demonstrating the 

ability of impaired cells to repair damage within 1 to 6 h following inoculation 

into the appropriate medium. 

Using heat injured S. typhimurium, Clark and Ordol (1969) observed that 

the injured cells required 5 h to repair in TSB. Tomlins and Ordol (1971), using 

the same organism, determined that resuscitation occurred after 4 h in citrate-

glucose-minimal salts broth. The injured cells were defined as those members 

of a population that hod lost the ability to replicate In the presence of 2% 

NaCI incorporated into eosin methylene blue agar (EMBS). In comparison to 

TSB, repair was slightly slower in lactose, nutrient, and louryl sulfate tryptose 

broths. An 8 h lag period was observed when selective media, tetrathionate and 

selenite F broths were used as recovery menstruums. Thermally injured 

S. seftenberg 4969 cells were able to repair within 3 h in a minimal medium 

containing salts and glucose (Wilson and Davies, 1976). Repair in lactose broth 

was as rapid but resulted in slightly lower cell numbers. Resuscitation was slower 

and produced lower yields in nutrient, trypticase soy yeast extract (TSYE), and 

tetrathionate broths. Selenite broth,however, was extremely toxic to injured cells 

and inhibited recovery. 
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Sînskey and Silverman (1970) found that Escherichia coll ML30 

cells when injured by freeze drying were unable to multiply on a minimal 

salts plating medium. Metabolic damage could be repaired, however, after 

a 5 h resuscitation period in citrate-minimal salts broth. S. anatum NF3 

cells were also stressed by freeze drying (Ray et al. 1971a). The injured 

cells were unable to replicate in the presence of 0.25% sodium deoxycholate. 

Tolerance to this bile salt was regained following 2 to 3 h incubation in 

sterile water or lactose broth. This was demonstrated by the increased number 

of colonies formed on xylose-lysine-peptone (XLP) agar containing 0.25% 

sodium deoxycholate. 

Several investigators have studied the lag period caused by sublethal 

freezing treatments. Ray and Speck(1973b)andWarseck et al. (1973) found 

that substantial repair of stressed coliforms would occur in TSB within 1 to 2 

hours. Injured coliforms, when surface plated on trypticose soy agar (TSA), 

were also able to undergo repair within 1 to 2 h (Speck et al. 1975), Cells 

of S^ anatum NF3, after being frozen by Ray et al. (1972), were unable to 

form colonies when surface plated on XLP agar plus 0.2% sodium deoxycholate. 

Most of the injured solmonelloe were repaired in TSYE broth or citrote-glucose-

minimal salts broth after 1 to 2 h incubation prior to surface plating on XLP 

agar plus 0.2% sodium deoxycholate. 

Resuscitation of sublethally impaired cells in dried foods has also been 

investigated. Mossei and Ratto (1970) determined that 1 to 6 h incubation in 
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tryptone soya peptone broth was a sufficient restoration period for injured 

Enterobacteriaceae. However, optimum results were obtained when foods were 

incubated only 1 to 2 h in the nonselective medium prior to selective enrichment. 

Similar results were observed by van Schothorst and van Leusden (1975b) who 

determined the recovery time required for injured salmonelloe in dried milk powder. 

These investigators determined that most injured salmonelloe were insensitive to 

bile salt components after 3 h incubation in buffered peptone water. A number 

of cells still remained sensitive after the 3 h recovery period. They believed 

that some salmonelloe may be more severely injured than others, thus requiring 

a much longer resuscitation period. Martin et al. (1976) used cotalose to 

enhance the recovery of sublethaily injured S. typhimurium which had been 

subjected to reduced water activity and storage. The addition of cotalase to 

the surface of EMBS agar plates increased the number of stressed cells by 

preventing the accumulation of hydrogen peroxide in or around the injured cells. 

As previously discussed, injured cells ore sensitive to secondary stresses 

such as sodium deoxycholate, salt, components of Salmonella selective 

enrichment media, and exposure to minimal media which require the injured 

microorganisms to synthesize Ksentiol metabolites. Exposure to additional 

secondary stresses have also been reported to inhibit the repair of sublethaily 

injured microorganisms. A susceptibility to chloramphenicol, streptomycin, and 

actinomycin D, which does not normally occur in uninjured E. coli cells was 

demonstrated by freeze drying E. coli (Sinskey and Silverman, 1970). Exposure 
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of E. coli to a quaternary ammonium compound caused the cells to become 

sensitive to bile salts with sodium deoxycholate being most inhibitory 

(Scheusner et al. 1971b). Hartman et al. (1975) and Speck et a!. (1975) 

demonstrated the increased recovery of stressed coliforms in the absence of 

bile salts and dyes, the selective agents of violet red bile agar. Starvation 

of a microbial population in a low nutrient aquatic environment will also 

induce cellular stress. Klein and Wu (1974) observed increased susceptibility of 

starved microorganisms to the transient stress of worm agar used in pour plate 

procedures. Recoveries of stressed coliforms from water samples was improved 

by using a 2 h enrichment in TSYE broth, a rich nonselective medium, prior to 

exposure to selective agents (Bissonnette et al. 1977). 

Rapid Methods 

The literature contains many reports of improved techniques or alternative 

methods to the existing procedures recommended for the isolation of saimoneliae 

from foods. These standard methods may require from 5 to 7 days for complete 

identification of saimoneliae positive samples. Because so much time is 

ordinarily required, many rapid techniques have been developed to detect 

Salmonella as well as to improve existing methods. In order for any modifications 

of existing procedures or rapid methods to be adopted for use* they must be 

demonstrated to be as efficient as the conventional 5 to 7 day procedures. These 

methods ore outlined in the Bacteriological Analytical Manual (BAM) of the 
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Food end Drug Administration (1976), and in the Association of Official 

Analytical Chemists reference manual (1975a). There are five basic steps 

utilized with these recommended procedures, including: (i) preenrichment 

and/or selective enrichment; (ii) plating the enrichment broth on selective 

agars; (iii) biochemical screening; (iv) serological screening; and (v) final 

identification, based on more biochemical and serological tests. Since 

reports on rapid methods for salmonellae are quite profuse, this portion of 

the literature review will be limited to those rapid methods or procedure 

modifications which could be utilized in conjunction with the combined 

preenrichment-selective enrichment technique. 

Many investigators have demonstrated the feasibility of using a 

single composite sample from a lot rather than multiple smaller samples. 

The pooling of samples decreases the number of analyses needed since only 

the composite sample that is Solmonel la-positive need be further tested to 

determine which subsample is contaminated. This technique is especially 

useful when the frequency of salmonellae isolations is low because savings in 

time, materials, and labor are mode by pooling samples. The Committee on 

Salmonella of the Notional Academy of Sciences (National Academy of 

Sciences, 1969) discussed "wet compositing" as on approach to control 

procedures for salmonellae detection. The technique involved the pooling 

of preenrichment cultures by adding 1 ml from each of 10 enrichment broths 

to 10 ml of double strength selective broth. Results from this compositing 
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procedure agreed favorably with conventional sampling procedures. Price et al. 

(1972) pooled 10 25-g samples and observed no apparent loss in sensitivity as 

compared to Food and Drug Administration (1969) sampling methods using direct 

selective enrichment. No significant difference was observed by Huhtanen 

et al. (1972) when meat- and bone-meal samples were examined as a single 

300-g sample or 10 30-g samples. Several types of dried foods were tested 

for Salmonella by using composites, 60 25-g samples, 15 lOO-g samples, and 

3 500-g samples (Si Hiker and Gabis, 1973). High-moisture foods contaminated 

with salmonellae were also pooled in 13 25-g , 3 108.3-g, 1 325-g, and 

1 500-g subsamples by Gab is and Silliker (1974). Any of the compositing 

techniques was able to detect the salmonellae present in anyone subsomple. 

The U.S. Department of Agriculture (1974) also recommends the use of 3 

500-g samples, rather than 60 25-g samples. Maximum size of a composite 

unit acceptable to the Food and Drug Administration is a 375-g sample consisting 

of a series of 25*9 subsamples (Olson, 1975). 

Salmonellae may be detected in foods by modifications of the fluorescent-

antibody technique (FA) introduced by Coons et al. (1942). There are several 

distinct advantages that the direct FA method has over conventional isolation 

procedures; the capability to detect salmonellae in mixed culture, the sensitivity 

of the assay, and the ability to determine the presence of salmonellae in samples 

within 50 to 55 h. Arkhangel'skii and Kartoshova (1962) were the first 

investigator to use the FA procedure to detect salmonellae in foods. Following 
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this initial study, many investigators have developed modifications of the FA 

method for the rapid detection of Salmonella in foods. Cherry et al. (1975) 

have adequately reviewed many of these applications of the FA technique. 

Because many research groups have found the direct FA technique equal in 

efficiency to conventional cultural methods as a screening procedure, a FA 

method for the detection of saimoneliae in foods was adopted by the Association 

of Official Analytical Chemists(1975b)and the Food and Drug Administration 

(1976), The FA technique is particularly suited for the examination of foods in 

which the incidence of saimoneliae is low; such as chocolate and chocolate 

products (D'Aoust, 1977b). 

Another rapid method which also utilizes conventional enrichment 

procedures is the enrichment serology (ES) method, introduced by Sperber and 

Deibel (1969). Detection of Salmonella con be completed within 50 h through 

the serological identification of saimoneliae by using pooled poly "H" ontisero 

rather than FA staining. Boothroyd and Boird-Parker (1973) found that the 

ES procedure detected 98% of the samples that were positive by conventional 

means. Use of the ES technique as o screening method was preferred by Mohr 

et al. (1974) over FA and conventional methods because they obtained fewer 

false positives with ES, The effectiveness of ES and FA procedures were reviewed 

by Milker (1975). Almost all Solmonella-positive sqmples will be detected by 

FA methods but many false positive samples will not be screened out due to 

nonspecific staining, a major problem associated with the FA technique 
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(Swaminathan et al. 1978a). Fewer false positives are produced by the ES 

method but 1 to 3% of the positive samples will not be detected. 

Another rapid technique capable of detecting salmonellae in foods 

within 50 h is the enzyme-labeled antibody technique (ELAT) developed by 

Krysinski and Heimsch (1977). Samples are enriched using the cultural techniques 

of Sperber andDeibel (1969) and analyzed for salmonellae by placing portions 

of the enrichment broth on membrane filters. The membranes are first immersed 

in rabbit ontiflogella antibody, washed, and then immersed in peroxidase-

labeled goat onti-rabbit antibody. In the presence of the appropriate substrate, 

peroxidase causes color reactions which will occur on spots containing salmonellae. 

The authors stated that the ELAT method was sensitive to fewer salmonellae cells, 

10^ Salmonella per ml than the 5x10^ per ml needed for detection by FA or 

ES techniques. False positive results were obtained though, when "H" ontisero 

contained nonspecific "O" antibodies which caused nonspecific staining. 

The identification of presumptive Salmonella isolates from selective agar 

plates requires the use of numerous biochemical tests. Currently, several 

commercially available miniaturized multitest kits ore available which can be 

used to identify Enterobacteriaceae isolates from foods. There is a high degree 

of correlation between the results of comparison studies determining the efficiency 

of the multitest techniques to conventional biochemical procedures. Most 

evaluations of these multitest systems have been designed to compare their 

efficiency to conventional tube methodology for the identification of clinical 
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specimens. Recently, several reports have dealt with the usefulness of these 

systems for identification of isolates from foods. Cox et al. (1977) reviewed 

the commercially available multitest systems for the identification of 

Enterobacteriaceae. Five multitest kits were evaluated for their ability to 

identify salmonellae isolates from naturally contaminated foods by Poelma et al. 

(1977). The API-20 Enteric (Analytab Products, Inc.) and Minitek (BioQuest, 

BBL) systems were found to be adequate to differentiate Salmonella from other 

Enterobacteriaceae without additional biochemical tests which are required with 

the Pathotec Rapid l-D System (General Diagnostics Division), Enterotube 

(Roche Diagnostics), and the Modified Expanded R/b Enteric Differential 

System (Diagnostic Research, Inc.). Cox and Mercuri (1978) also determined 

that the API minikit was superior to the R/fe system for identifying Entero­

bacteriaceae isolated from poultry and meat products. These results were also 

confirmed by Guthertz and Okoiuk (1978) who determined the identity of 

organisms isolated from comminuted beef, pork, and turkey using the API, 

Pathotec, Minitek, and Index Enteric 1 (Inolex Biomedical Division) 

multitest systems. Both the API and Minitek methods provided more accurate 

and rapid identification of Enterobacteriaceae isolates than the other two 

systems. 

This literature review indicates the lack of universally accepted methods 

for the isolation of salmonellae from processed foods. Some uniformity has been 

achieved by virtue of the Food and Drug Administration's specified methods 
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(Food and Drug Administration, 1976). Although many enrichment 

alternatives exist to the generally accepted preenrichment and selective 

enrichment techniques, it is apparent that both these procedures are 

generally needed to detect the presence of sublethally injured salmonellae 

in foods. Use of lactose broth as a resuscitation medium and SC and TET 

broths as isolation media has been demonstrated to be a reliable method. 

Several rapid techniques have also been described which greatly shorten the 

time needed to detect salmonellae in foods with the FA procedure being most 

widely accepted. The recent introduction of miniaturized multitest kits has 

also reduced the problem of time required in biochemically identifying 

presumptive Salmonella isolates by making it possible to rapidly test many more 

cultures at one time. Application of the combined enrichment procedure would 

utilize the benefits of both nonselective and selective enrichment in a shorter 

time period. Used in combination with techniques such as the FA procedure, rapid 

detection of Salmonella in foods could be achieved. 
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MATERIALS AND METHODS 

Organisms 

Cultures of^ typhimurium, S. Heidelberg, S. onotum, and^ infontis, 

originally isolated from poultry meat and E. coli isolated from raw milk were 

obtained from the collection in the Department of Food Technology, Iowa State 

University, Ames, Iowa. The identity of each Salmonella serotype was 

confirmed serologically by the State Hygienic Laboratory, Iowa City, Iowa. 

The cultures were maintained on TSA slants. Each culture was 

transferred monthly to a fresh slant, incubated at 35 C (± 1 C) for 20 h and 

stored at about 5 C. 

Conventional Media 

The following media were utilized: lactose (Lac) broth, selenite-

cystine (SC) broth, tetrathionate (TET) broth, brilliant green bile 2% 

(BGB 2%) broth, brilliant green (BG) agar, Salmone!!a-Snigel!a (SS) ôgâf, 

bismuth sulfite (BS) agar, Levine eosin methylene blue (EMB) agar, triple 

sugar iron (TSI) agar, and lysine iron (LIA) agar. The media were obtained 

from Difco bboratories, Detroit, Michigan, except for TSB and TSA 

obtained from BBL, Cockeysville, Maryland. The manufacturers directions 

for preparation were followed for each medium. 
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Combined Enrichment Medio 

Four combined enrichment medio were utilized, selenite one (SEL 1) 

broth, selenite two (SEL 2) broth, selenite three (SEL 3) broth, and combined 

tetrothionote (CTET) broth. The enrichment broths combined preenrichment 

in o nonselective basal medium similar to lactose broth and selective 

enrichment in SC broth and TET broth. 

CTET broth as previously described by Sveum and Hortmon (1977) 

consisted of (per liter): lactose broth (Difco), 13 g; sodium thiosulfote, 30 g; 

calcium carbonate, 10 g; and bile salts (Difco), 1 g. The composition of CTET 

and TET broth is presented in Table 1. The combined basal medium differed from 

TET basal broth due to the presence of lactose and beef extract, components of 

lactose broth. The CTET basal medium was adjusted to pH 6.8, heated to 

boiling, and 225 ml oliquots were osepticolly dispensed into sterile 500 ml flasks. 

Tetrothionote, the selective agent of TET and CTET broths is not formed 

until iodine is added to the basal media. Sodium thiosuifare reacts with iodine to 

fo rm te t ro th iono te  accord ing  to  the  reac t ion :  2  Na2S203 '  5 H2O +  I2+  [  K l ]—)  

NogS^O^ • 2 H2O + 2 Nal + [ Kl] . Iodine is added by pipette from a stock 

solution containing 6 g I2 and 5 g Kl per 20 ml of sterile distilled water. An 

inhibitory concentration of tetrothionote is obtained by adding 2 ml of iodine 

per 100 mis of TET broth, therefore 225 ml of CTET basal required 4.5 ml of the 

iodine solution. 
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Table 1. Composition of conventional tetrathionate and combined 
tetrathionate broths per liter 

Tetrathionate Combined Tetrathionate 

Sodium thiosuifote 30 g Sodium fhiosulfate 30 g 

Calcium carbonate lOg  Calcium carbonate lOg  

Bile salts ig Bile salts ig 

Proteose peptone 5g Peptone 5g 

Iodine solution^ 20 ml Lactose 5g 

Beef extract 3g 

Iodine solution^ 20 ml 

^Dissolve 60 g of iodine crystals and 50 g of potassium iodide in 200 ml 
of sterile distilled water. 
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Three different selenite combined enrichment medio were used in this 

study. SEL 1, introduced by Sveum and Hartman (1977) consisted of (per liter); 

lactose broth, 13 g; discdium phosphate, 10 g; and L-cystine, 0.01 g. The 

components of SEL 2 were (per liter): lactose, 5 g; peptone, 5 g; disodium 

phosphate, 10 g; and L-cystine, 0.01 g. SEL 3 ingredients were (per liter): 

lactose, 4 g; tryptone, 5 g; disodium phosphate, 10 g; and L-cystine, 0.01 g. 

Table 2 lists the constituents of the combined selenite broths and conventional 

SC broth. The selenite basais were adjusted to pH 6.8, and 225 ml quantities 

were added to 500 ml flasks and sterilized (121 C, 15 min). 

The selective agent of SC broth, sodium acid selenite, is not present in 

the combined selenite basais. A selective environment was created by 

aseptically adding 10 ml of a filter sterilized solution of 9 g sodium acid 

selenite (BBL, Coclceysville, MD) per 100 ml of water to 225 ml of each 

selenite basal medium. SEL 1 and SEL 2 differed in composition from SC broth 

because they contained the components of lactose broth, peptone and beef 

extrocl^ or peptone without beef extract, respectively. SEL 3 and SC broths 

were equal in composition. 

Production of Heat Injured Salmoneilae 

Cultures of heat injured saimonelioe were prepared,using a modification 

of the method of Clark and Ordal (1969). Frozen stock cultures were prepared 

for use as inocula by placing 0.1 ml of an actively growing culture into 10 ml 

of TSB and freezing the cultures at about -29 C. Tubes were thawed when needed 
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Table 2, Composition of SC broth and the selenite combined basal media per liter 

SC SEL 1 SEL 2 SEL 3 

Dis'odiium 
phosphate 

10.00 g Dîsodium 
phosphate 

10.00 g Disodium 
phosphate 

10.00 g Disodium 
phosphate 

10.00 g 

Tryptone 5.00 g Peptone 5.00 g Peptone 5,00 g Tryptone 5.00 g 

Lactoite 4.00 g Lactose 5.00 g Lactose 5.00 g Lactose 4.00 g 

L-cysll'ine 0.01 g Beef extract 3.00 g L-cystine 0.01 g L-cystine 0.01 g 

Sodium acid 
selenite 

4.00 g L-cystine 

Selenite so'ii-
tion° 

0.01 g 

40.00 ml 

Selenite solu­
tion® 

40.00 ml Selenite solu­
tion® 

40.00 ml 

^Dissolve 40 g of sodium acid selenite in 400 ml of distilled water and filter sterilize the solution. 



www.manaraa.com

33 

and the entire 10 ml was inoculated into a 500 ml flask containing 200 ml 

TSB. The culture was incubated for 16 h at 37 C on a rotary shaker. Cells 

were harvested by centrifuging a 40 ml sample at 2000 x g (or 10 min at room 

temperature. The supernatant was discarded, and the cells were washed once 

in 100 mM sodium phosphate buffer (pH 6.0), centrifuged, and resuspended in 

5 ml of phosphate buffer. The salmonellae were thermally stressed by adding 

the 5 ml suspension to 195 ml of preheated phosphate buffer and heating the 

cells at 52 C for 30 min under constant agitation in a water bath. 

The extent of injury in the heat stressed population was determined by 

removing samples at various intervals and diluting them in 0.1% peptone 

distilled water blanks. This dilution menstruum was used for all enumeration 

procedures in this project unless otherwise noted. Appropriate dilutions were 

surfoce-plated in 0.1 ml amounts on predried TSA and EMBS plates which were 

incubated for 48 hr at 35 C. The number of colonies on TSA represented all 

viable cells, both injured and uninjured. Counts on EMBS represented only 

the number of uninjured cells in the population. The number of injured cells 

present in the heated buffer was equal to the difference between the TSA and 

EMBS counts. 

Production of Heat Injured col; 

The same technique used to heat injure salmonellae was utilized to 

produce a population of thermally stressed E. coli cells. 
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Production of Freeze Injured Solmonelioe 

Modifications of the techn iques  o f  Roy  e t  a l .  (1971a)  and  Ray  e t  a l .  

(1972) were utilized to produce populations of freeze injured salmonellae. 

Frozen stock cultures were thawed when needed and the entire contents added 

to 200 ml of TSB in a 500 ml flask. The culture was incubated for 16 h at 37 C 

on a rotary shaker. Cells were harvested by centrifuging a 30 ml sample at 

2000 X g for 10 min at room temperature. The supernatant was decanted, and 

the cells were washed once in either 100 mM sodium phosphate buffer (pH 6.0), 

sterile HgO, or Ringer's solution consisting of (per liter): 960 ml of 0.154 M 

NaCI, 20 ml of 0.154 M KCI, and 20 ml of 0.11 M CaClg. The suspensions 

were centrifuged again and the salmonellae were resuspended in 30 ml of the 

appropriate freezing menstruum. The cells were freeze injured by adding 1 ml 

of the suspension to 9 ml of the appropriate medium and uniformly suspending the 

cells in a 18 x 150 mm test tube with a vortex mixer. Freeze injury inducing 

treatments were: (i) immersion in liquid nitrogen (LNg) for 2 min; (it) placement 

in carbon dioxide snow (CO2 snow) for 10 min; or (iii) exposure to mechanical 

freezing in o blast freezer at -29 C for 24 h. Following the initial freezing 

treatment the cultures were stored at -29 C until needed. 

The extent of injury in a frozen population was determined by thawing a 

frozen suspension in a beaker of water at 5 C for about 20 min. Samples were 

diluted in peptone water and surface plated on predried plates of TSA and BG 

agar or TSA plus 0.25% sodium deoxycholate (TSAD), and XLP prepared as 
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described by Ray et ol. (1971a) and XLP plus 0.25% sodium deoxycholate 

(XLPD). The number of colonies on TSA and XLP represented all viable celis/ 

both injured and uninjured in the population. Counts on BG, TSA, and XLPD 

represented the number of uninjured salmonellae in the frozen suspension. The 

number of injured cells in the frozen culture was equal to the difference between 

the TSA and BG or TSAD counts or the XLP and XLPD counts. 

Resuscitation Studies With Heat and Freeze Injured Salmonellae 

Repoir of heat injured salmonellae 

The time required for heat injured S. typhimurium or S. anatum to 

undergo resuscitation was determined by inoculating lactose and CTET broths 

with thermally stressed cells. Immediately following production of injured 

salmonellae, 1 ml of the heated suspension containing either 10^, 10^, or 10^ 

organisms was added to the recovery media which were incubated at 35 C. 

Samples were removed at 0, 4, 8, 12, 16, and 24 h after inoculation and 

surface plated on TSA and EMBS agar plates. The plates were enumerated after 

incubation for 48 h at 35 C to determine the time required for the stressed 

salmonellae to repair in the recovery media. Repair was demonstrated by the 

ability to replicate on EMBS agar. The pH of the enrichment media was 

measured after 24 h incubation. 
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Addition of selective qgenfs 

Selective agents were added at various times to combined selenite 

basais and CTET broth which contained heat injured salmonellae in order to 

determine the most effective preenrichment period. Sodium acid selenite 

and iodine were added at 0, 4, and 6 h after inoculation with different 

concentrations of salmonellae. Combined basal broths that contained no 

selective agents were used as controls. The recovery of the stressed salmonellae 

in lactose, SC, and TET broths was also analyzed. Following preenrichment 

in lactose broth, 1 ml aliquots were transferred to SC and TET broths. The 

number of Salmonella present in the conventional media was compared to the 

level obtained In the combined medio. Salmonellae growing in the recovery 

media were enumerated by surface plating on TSA and EMBS. All culture 

broths were incubated at 35 C for 24 h except in some experiments when 

incubation was extended to 48 h. The pH of each medium was recorded after 

the required incubation period. 

Repair of Freeze Injured Salmonellae 

The ability of freeze injured cells to repair in lactose broth and the 

combined basal media when incubated at 35 C was studied. Cultures of freeze 

injured salmonellae were thawed in o beaker of water at 5 C until thawed 

(approximately 20 min). The suspension was diluted to obtain a concentration 

of io- ceils per mi in each recovery medium. Samples WêPê removed at the time cf 
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înoculaHon and 4 h later and surface-plated on XLP and XLPD or TSA and 

TSAD in order to determine the rate of repair in the enrichment broths. 

Competition Studies 

Growth of S. typhimurium and E. coli in conventional and combined enrichment 

media 

Cultures of S. typhimurium and ^coli were prepared by inoculating 

200 ml of TSB in 500 ml flasks with 10 ml of a frozen stock culture. The 

suspensions were incubated at 37 C for 16 h on a rotary shaker. Following 

inoculation, the cultures were diluted appropriately to obtain an inoculum 

containing approximately 100 cells per ml. Five ml of the ^ coli suspension 

and 1 ml of the S. typhimurium culture were added to each of nine salmonellae 

recovery media to obtain a desired ratio of approximately five E^coJi to one 

S. typhimurium. The total number of viable cells in each suspension was 

determined following inoculation by surface plating uliquors of rne inoculum 

on TSA plates which were incubated at 35 C for 24 h. 

Recovery medio and methods used were: direct enrichment in SC and 

TET broths for 24 h; preenrichment in lactose broth for 24 h followed by selective 

enrichment in SC and TET broths for 24 h; or enrichment in the combined enrichment 

media, CTET, SEL 1, SEL 2, and SEL 3 for 24 h. All enrichments were incubated 

at 35 C and selective agents were added to the combined enrichment broths 

after 4 h incubation. E. coli and S. typhimurium concentrations Wëfë 



www.manaraa.com

38 

estimated using techniques described in the next section. 

Recovery of heat injured salmonellae and E. coli in conventional and combined 
enrichment medio 

Cultures of S. typhimurium, S.anatum,S. heidelberg, and E. coli were 

heat injured at 52 C and the extent of injury was determined as previously 

described. An inoculum was prepared immediately by diluting the heated 

cells to obtain a concentration of 100 organisms per ml. Again, 5 ml of 

the E. coli suspension and 1 ml of the salmonellae cultures were used as 

inocula for each of the nine recovery media. The ratio obtained with this 

inoculum was approximately ten E. coli per one Salmonella serotype. The 

number of organisms in each enrichment broth was determined using the procedure 

discussed in the next section. 

Enumeration of E. coli and salmonellae in mixed cultures 

A rhree-tube most Probable Number (MPN) technique VrC» used fcr 

estimating numbers of E. coli (Mayou, 1976) and salmonellae (Galton et al. 

1968) in the recovery media. Serial 10-fold dilutions were prepared from each 

medium. Depending on the enrichment broth being sampled, 10 ml, 1 ml, and 

0.1 ml from the appropriate dilution and 0.1 ml of the succeeding 10-fold 

dilution were used as inocula. 

E. coli was enumerated by first inoculating a series of lactose broth 

fermentation tubes (Figure 1). Double strength lactose broth was used for the 
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present present 

Figure 1. Schematic outline of the MPN presumptive and confirmed tests used to determine the number of 
E. coli ard salmonella» in Salmonella isolation medio. 
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10 ml sample and single strength for the remaining samples, lactose broth 

containing acid and gas after 48 h at 35 C was a presumptive positive test 

for E. coli. E, coli was confirmed by gas formation after subculturing all 

positive tubes in BGB 2% broth. 

The number of salmonellae was determined by inoculating a series of 

tubes containing TET broth. Double strength TET broth was utilized for the 

10 ml sample and single strength for the remaining inocula. Each TET broth 

tube was incubated at 35 C for 24 h and then streaked for isolation on BG 

agar (Figure 1), Salmonellae were confirmed by picking characteristic 

colonies to TSI and LIA. Cultures demonstrating typical salmonellae reactions 

were confirmed using Salmonella O Polyvalent A-l ontisera (Difco). The pH 

of each recovery medium was measured after sampling. 

Determination of a Recoverable Level of Salmonellae From 
Frozen Inoculated Ground Beef 

Suspensions of S. typhimurium and S. heidelberg were prepared as 

previously described from frozen stock cultures. Each Salmonella culture was 

diluted through a series of 10-fold dilutions to obtain an approximate level of 

c n 
10 cells per ml and 10 cells per ml. A ml of each serotype was "spot" 

inoculated in several locations on the surface of 50 g ground beef patties 

prepared from lean ground beef obtained from a local supermarket. Each patty 

was wrapped in aluminum foil and frozen by three different methods; (i) immersion 

in LN2 for 2 min; (ii) packed in CO2 snow for 10 min; and (iii) placed in a 
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mechanical air blast freezer at -29 C for 24 h. Following initial freezing, 

the patties were stored at -29 C in styrofoam containers. 

The frozen patties were analyzed for salmonelioe using a 3 tube MPN 

technique after one week of storage. Patties were rapidly thawed at room 

temperature. One patty was added to 450 ml of lactose broth in a sterile 

blendor jar and homogenized for 2 min using an Osterizer (John Oster Co., 

Milwaukee, Wisconsin) at low speed. One hundred ml of the homogenate was 

added to 3 separate sterile quart jars. Ten ml of the same suspension were 

inoculated into sterile test tubes while 1 ml and 0.1 ml samples were added to 

10 ml of lactose broth. One ml of each lactose broth culture was transferred 

to 10 ml of TET broth after incubation for 24 h at 35 C (Figure 1). Salmonelioe 

in the TET enrichments were confirmed using the previously described procedures. 

Control beef patties were also examined for Salmonella using methods outlined 

in BAM. 

Preparation of a Standardized Inoculum 

A modification of the technique of Kofel and Bryan (1977) was used to 

prepare cultures of salmonelioe containing a known level of viable cells. Frozen 

stock cultures were thawed when needed and the contents incubated at 35 C 

for 20 h. Ten-fold serial dilutions of the broth culture were prepared in Ringer's 

solution. 

The number of salmonelioe in each dilution was determined by pour plating 
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samples with TSA. The plates were counted after 24 h incubation at 35 C. 

Ringer's suspensions were stored for 24 and 48 h at 5 C. Following storage 

in the Ringer's solution/ the Salmonella cultures were replated to observe any 

changes in the number of living cells. This procedure in which cell suspensions 

were stored for 24 h was used for studies in which various foods were inoculated 

with a known level of salmonellae ranging from 1 to 10 per gram of sample. 

Food Product Studies 

Preparation and analysis of ground beef frozen by LN2, CO2 snow, and 

mechanical freezing 

Frozen lean ground beef was obtained from the Department of Animal 

Science, Iowa State University, Ames, Iowa. The ground beef was thawed 

overnight at 5 C, and 25-g patties were prepared the following morning. Each 

patty,except for control samples was inoculated with salmonellae by "spot" 

inoculating different areas of the surface to obtain approximately 10 

salmonellae per gram. The inoculum,containing known levels of S. 

typhimurium, S. anatum, and S. heidelber^wos prepared in Ringer's solution. 

Each patty was wrapped in aluminum foil and frozen by one of the previously 

described freezing techniques. The internal temperature at the center of the 

potties at the end of the LN, and CO^ snow treatments was measursdby using 

copper-constontan thermocouples attached to a model 8691 millivolt 

potentiometer (Leeds and Ncrthrup Co., Philadelphia, PA). After initial 
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freezing, the patties were stored in styrofbam boxes at -29 C. 

The potties were examined for levels of mesophiles and psychrotrophs 

and the presence of solmonelloe after 0 and 60 days frozen storage. Mesophilic 

and psychrotrophic counts were determined after duplicate control samples were 

thawed at room temperature (26-28 C). Each potty was homogenized in 225 ml 

of peptone water for 2 min. Samples were pour plated with TSA and mesophiles 

counted after 48 h incubation at 30 C. The number of psychrotrophs was 

determined after incubation at 7 C for 7 days. 

The inoculated samples were analyzed for solmonelloe 24 h after initial 

freezing by means of the combined enrichment methods and conventional BAM 

procedures for row, unprocessed meats. Duplicate patties thawed at room 

temperature were placed in blendor jars containing 225 ml of SEL2, SEL 3, 

or CTET basais or TET plus brilliant green (TETBG) or SC broth and homogenized 

for 2 min. Selective agents were added to the basal broths after 4 h incubation. 

Each enrichment broth was incubated for 24 h at 35 C prior to selective plating. 

Patties examined following two months storage were divided into two lots. 

The same procedures and enrichment medio were used but half the samples were 

incubated at 35 C and the remaining potties at 43 ± 1 C (Kafel and Bryan, 1977). 

Also, the enrichment medio were plated on selective ogors after 24 and 48 h 

incubation. Each recovery medium was tested for solmonelloe using the methods 

described in "Comparison Procedure." 
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Preparation ond analysis of frozen turkey roosts 

Three different brands of frozen turkey roasts consisting of white and 

dark meat or all white meat were purchased from various supermarkets in Ames, 

Iowa. Twenty-five-g samples prepared from roasts thawed overnight at 5 C 

were added to 225 ml of the combined enrichment media and lactose broth in 

blendor jars. Half of the combination of turkey meat and enrichment broths 

were inoculated with a known concentration of S. typhimurium^S. anatum, and 

S. heidelberg prepared in Ringer's solution. The remaining samples served as 

controls. The inoculated and control samples were homogenized for 2 min and 

assayed for salmonellae utilizing procedures described in "Comparison Procedure." 

After 4 h incubation, selective agents were added to each combined enrichment 

basal broth. 

The comparison study was repeated 3 times using different inoculum 

levels, incubation times and temperatures. In the first experiment, about 

10 salmonellae per gram were added to the enrichment broths which were 

analyzed for salmonellae after 24 h incubation at 35 C. Approximately 1 to 2 

salmonellae per gram were added in study two and each enrichment broth was 

assayed for salmonellae after 24 and 48 h incubation at 35 C. Enrichment 

media in experiment three were seeded with 1 to 2 salmonellae per gram and 

examined after 24 and 48 h incubation at either 35 C and 43 C. 

The number of mesophiles and psychrotrophs present in each rocst was 

determined by counting colonies from TSA pour plates prepared from homogenized 
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control samples in 0.1% peptone water. Mesophiies were counted on plates 

incubated at 30 C for 48 h and psychrotrophs on plates held at 7 C for 7 days. 

Preparation end analysis of dried beef gravy, vegetable beef soup, and spray dried 

egg albumen 

Samples of dried gravy and soup were purchased from supermarkets in 

Ames, Iowa. Two different samples of spray dried egg were obtained from 

Dr. P. A. Hartman, Department of Bacteriology, Iowa State University, Ames, 

Iowa. The total number of mesophiies present in each type of dried food was 

determined by colony counts from TSA pour plates prepared from homogenized 

samples and incubated for 48 h at 30 C. Each dried product was assayed for 

the presence of natural Salmonella contaminants using BAM methods. Inocula 

containing a known level of S. typhimurium and S. heidelberg were prepared 

in Ringer's solution. Twenty-five g of the dried food product were added to 

the combined enrichment broths and lactose broth, which were then inoculated 

with 1 to 2 salmonellae per gram. A selective environment was created in each 

combined broth by adding selective agents after 4 h enrichment. The enrichment 

broths were incubated at 35 C for 24 and 48 h and assayed for salmonellae 

utilizing the comparison methods described in "Comparison Procedure." 

Comparison procedure 

The combined enrichment technique was used to examine each 

inoculated and control sample of the various products analyzed. Procedures 
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Sample 

Lactose broth 
TETBG and SC broths SEL 1, SEL 3, and CTET 

combined enrichment broths 
(selective agents added after 4 h) 

24 h 

24 h TET and SC broths 
24 h 

24 h 

BG, SS, and BS plates for 24 h 
or FA analysis for 4-6 h 

TSI and LIA 

24 h 

Confirm biochemically and serologically 

Figure 2* Schematic outline of Salmonella isolation methods» 
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used are shown in the flow chart (Figure 2). The methods outlined in BAM 

for each type of food examined were used as control procedures. Each 

culture broth was adjusted to pH 6.8 ± 0.2 following addition of the sample. 

One ml of each conventional lactose preenrichment broth was transferred to 

10 ml of SC and TET broths. All conventional and combined enrichment 

broths were incubated for the appropriate time and temperature described 

in the preceding section for the products assayed. Each culture broth was then 

streaked on predried plates of BG, SS, and BS ogars. Any characteristic 

Salmonella-like colonies were transferred to TSI and LIA and confirmed 

biochemically and serologically. The presence of salmonellae in the food 

products was also determined using the direct FA technique. 

Fluorescent Antibody Procedure 

Modifications of the techniques of Hagjund et al. (1964) and the Food 

and Drug Administration (1976) were utilized to detect salmonellae in food 

products with the direct FA technique. Ten ml of SC broth was inoculated 

with 1 ml of each conventional and combined enrichment broth from the food 

product analysis after the described incubation conditions. The SC cultures were 

grown for 4 h at 35 C. A loopful of the suspension was placed on a dry clean 

sllda and qllowed to g:r dry. The organisms wars fixed to the slide by immersion 

in Kirkpotrick's reagent (60 ml absolute alcohol, 30 ml chloroform, and 10 ml 

formalin) for 3 min at room temperature. The fixative was removed by rinsing 
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with 95% ethyl alcohol for 1 min and then allowing the slides to air dry. The 

antiserum used in this study was a pooled polyvalent "OH" antiserum which had 

been conjugated with fluorescein isothiocyonote (Clinical Sciences, Inc., 

Whippany, NJ). A drop of this coniugate was placed on a smear and incubated 

in a moist chamber for 20 min at 37 C. The slides were removed from the 

chamber and washed for 30-60 min in two changes of phosphate buffered saline 

which consisted of (per liter); NogHPO^, 1.18 g; NaH2P0^/ 0,22 g, and NaCi, 

8.5 g. Each slide was rinsed with distilled water, drained, and air dried prior to 

examination. Slides were mounted with pH 8.5 phosphate buffered glycerol 

(1 part pH 8.5 buffer with 9 parts glycerol) and covered with a glass coverslip. 

Slides were examined on a Reichert Zetopan fluorescent microscope 

equipped with incident light fluorescence. The light source was an 8 Osram 

HBO 200 mercury vapor lamp. The microscope was equipped with a 3BG12 

exciter filter, 0G515 barrier filter, KG2 heat absorbing filter and a 490 nm 

dichroic interference beam splitter. 

Photomicrographs were mode using a Zeiss Photomicroscope III and 

Ektachrome Film, asa 200 (Eastman Kodak, Co., Rochester, NY). The 

microscope was equipped with incident light fluorescence. 

Biochemleal and Ssrslogfcal Identification of Presumptive 

Salmonella kolotes 

Those isolates producing typical Soimonella-positive reactions in 

TSI and LIA were confirmed as Salmonella species by biochemical and 
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serological tests. Presumptive salmonellae isolates were Inoculated into 

urea agar slants and reacted with Salmonella O polyvalent A-l antiserum. 

Organisms that lacked urease and agglutinated the antiserum were confirmed 

biochemically by tests described by Edwards and Ewing (1972). Cultures 

from control samples of frozen turkey roasts biochemically confirmed as 

Salmonella species were forwarded to the State Hygienic Laboratory, bwa 

City, Iowa, for serological confirmation. 

Statistical Analysis 

Differences between enrichment methods used to enumerate 

populations of both injured and uninjured salmonellae and E. coli were 

determined by an analysis of variance followed by calculation of least 

significant differences (Steele and Torrie, i960). This same analysis 

was used to determine the effect of freezing methods on the bacterial 

population of frozen ground beef. 

The Chi-square test (X^) was used to determine whether significant 

differences existed between the combined and conventional enrichment 

medio used to isolate salmonellae from the foods analyzed (Steele and 

Torrie, 1960). 
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RESULTS AND DISCUSSION 

Production of Heat Injured Salmoneliae Cultures 

Table 3 demonstrates the effect of different heating temperatures used to 

sublethal 1/ injure a population of S. typhimurium cells. Injury was determined 

by comparing the number of salmoneliae on TSA plates to the number on EMBS 

agar, the stress medium. Only 50% of the organisms heated at 48 C for 30 min 

were injured in this study. Heating for 45 min provided little advantage over 

30 min heating. Eighty-five percent were injured at 50 C but a desired level 

of 99% stressed cells was achieved by heating S. typhimurium suspensions at 

52 C for either 30 or 45 min. The population was more than 99 % injured at 

54 C but this treatment was very lethal since greater numbers of cells were 

killed or more severely injured. Salmoneliae in subsequent studies/were 

heat shocked at 52 C since this technique consistently produced suspensions 

of 99% or greater injured salmoneliae. S. heidelberg^ S. anatum, and 

S. infontisywhen heated at 52 C were also injured to the same extent as 

S. typhimurium. 

Production of Heat Injured E_^ coli 

Cultures of E. coli cells,when heated at 52 C^were more resistant to 

the sublethal heat treatment than the salmoneliae. When heated at 52 C^only 

18% of the population was injured (Table 4). Injury was no greater at 55 C, 

and all the cells were destroyed when heat shocked at 60 C. 



www.manaraa.com

51 

Table 3. Comparison of heat treatments used to produce a population of 
thermally stressed S. typhimurium 

Time of Exposure Percentage of Population Sublethally Injured 

48 C 50C 52 C 54C 

30 min 50% 85% 99% 99.9% 

45 min 70% 93% 99% 99.9% 

Table 4. Effect of heating E. coli suspensions at 52 C for 30 min 

Replication^ Percentage of Population Sublethal ly Injured 

1 19% 

2 21% 

3 13% 

mean 18% 

°Eoch replication represents the average of three different heated 
cultures. 
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Production of Freeze Injured Salmonelioe 

The extent of injury in the frozen salmonelioe cultures was determined 

by comparing the counts on nonselective media, TSA and XLP with counts on 

selective media, BG or TSAD and XLPD, respectively. The use of BG agar 

as a stress medium was found to be an unreliable method because uninjured 

cells were also inhibited when surface plated on it. Kroniger and Banwart 

(1978) observed fewer salmonelioe on surface plates of BG agar in comparison 

to plate count agar surface inoculated with the same concentration of cells. 

The use of TSAD and XLPD agars as stress media was more reliable than BG agar 

and these two injury determination methods were used in succeeding studies. 

The freezing treatments caused a reduction of approximately one log cycle 

in total numbers and effectively produced populations generally containing 

about 90% freeze injured salmonelioe. 

Repair of Heat Injured Salmonelioe 

The ability of heat injured salmonelioe to undergo resuscitation in the 

combined and conventional enrichment media was ascertained. Information 

obtained from these experiments was used to determine the appropriate time 

at which to odd selective agents to the nonselective combined basal broths. 

Adding selective sgents befers the injursd solmonallge had undergone repair 

might inhibit their resuscitation, which would detract from the possible value 

of the combined enrichment procedure. 
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Repair in the combined bosol broths is feasible because of their 

generol nonselective nature. The combined medio ore similar to lactose broth, 

a nonselective peptone medium. CTET basal broth contains bile salts which 

mokes it more selective than the combined selenite medio. The bile soils 

suppress the multiplication of gram positive microorganisms but hove no affect 

on the growth of gram negative bacteria. Suppression of enterics other than 

solmonelloe is achieved by the toxic effects of tetrothionote and thiosulfote 

(Palumbo and Alfbrd, 1970), Individually these salts are not toxic but in 

combination a synergistic lethal action occurs. The mechanism of tetrothionote 

inhibition is not known but these authors found that only growing cells ore 

killed, since nongrowing organisms were unaffected. Most solmonelloe and 

Proteus ore not inhibited in TET broth because they possess tetrothionote 

reductase whereas ^ coli locks this enzyme. The enzyme reduces tetrothionote 

to thiosulfote. Knox (1945) and Knox et ol. (1943) suggested that tetrothionote 

served as an alternative hydrogen acceptor to oxygen which extends the log 

phase for solmonelloe as oxygen is depleted. Palumbo and AI ford (1970) also 

stated it is known that tetrothionote inactivates sulfur-containing enzymes and 

interferes with the synthesis and octivity of cell wall and membrane components. 

Tetrothionote is not formed In CTET broth until a solution of iodine is added. 

The inhibitory action of SC broth, o peptone based medium is also not 

known. The medium contains selenium, a very toxic element to mony 
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microorganisms/in the form of sodium selenite (Shrift and Boulette, 1974). 

Salmonellae are one of the few groups of organisms in which so many species 

display a natural tolerance to selenite. Weiss et al. (1965) investigated the 

mechanism of selenite toxicity. Selenite's inhibitory action is similar to that 

of tetrathionote because its toxic action is a growth-related phenomenon. 

These workers observed the rapid uptake of selenium during early incubation 

of cultures and proposed two mechanisms to explain its toxicity. The selenite 

may react with sulfhydryl groups of enzymes or be incorporated into analogues 

of sulfur-containing compounds since selenium closely resembles the sulfur 

present in amino acids. Susceptibility to selenium coincided with the rate of 

selenite uptake by Ej^coM, Proteus vulgoris/ and S. thompson. E. coli 

incorporated up to twice as much selenium as the other organisms during the 

early stages of incubation and was inhibited by lower concentrations of selenite. 

Each selenite basal broth is nonselective until sodium selenite is added which 

creates a selective environment. 

The repair of S. typhimurium and S. anotum in lactose and CTET basal 

broth containing no tetrathionote is illustrated in Figures 3 and 4respectively. 

These typical growth curves indicate the time required for resuscitation of the 

injured population. S. anotum cells were not as severely injured as the 

S. typhimurium population, which is indicated by the large difference in 

EMBS counts at 0 time. Almost the entire S. anatum population repaired within 

4 h in each medium. S. typhimurium cells also repaired rapidly with the majority 
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of the population undergoing resuscitation within 4 h. Recovery from heat 

injury occurred in CTET broth just as readily as in lactose broth even though 

bile salts were present in the combined medium. Slightly higher levels of 

salmonellae were observed in lactose broth than in CTET broth after 24 h 

but the difference was not significant. Observations from similar growth 

curve studies also indicated that the majority of the heat injured salmonellae 

had undergone repair after 4 to 6 h incubation in lactose and CTET broths 

(Figs. 3 and 4). 

Using this information, additional experiments were done to determine 

the appropriate time at which to add sodium selenite to SEL 1 broth. Table 5 

illustrates the effect of adding selenite to SEL 1 broth containing heat injured 

salmonellae after 0, 4, and 6 h incubation at 35 C. Repair and subsequent 

multiplication was greatest In the basal broth containing no selenite. The 

repair of the stressed cells was not inhibited by the presence of selenite in the 

medium at the time of inoculation, injured 5. ryphimurium and S. onotum may 

not be sensitive to the inhibitory effects of selenite. Since little difference was 

observed when adding selenite either 4 or 6 h after inoculation, a 4 h 

preenrichment was thought to be sufficient. Recovery of salmonellae in CTET 

broth also indicated that a 4 h nonselective enrichment phase was long enough 

to allow a majority of the stressed ceils to undergo repair. Selective agents 

were added after a 4 h preenrichment period in subsequent experiments. 
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Table 5. Effect of adding selenite to SEL 1 broth 0, A, and 6 h after 
inoculation with heat injured salmonelioe and grown for 24 h 

Time of addition S. anotum S. typhimurium Time of addition 

No. bacteria per ml x 10® 

0 2.80 1.40 

4 1.70 1.10 

6 1.90 .59 

No selenite added 5.50 4.60 

Telles 6 and 7 illustrate the growth of injured salmonellae in the 

combined and conventional enrichment media. Multiplication was greater 

in lactose broth than in CTET or the combined selenite media but the difference 

was very small. Even following the addition of selective agents after 4 h 

incubation, the salmonellae grew to levels comparable to those reached in 

lactose broth which contains neither retrarhionare or selenite. Aliquors of the 

lactose broth preenrichment cultures were transferred to SC and TET broths. 

SC broth contained substantially more salmonellae than the combined selenite 

broths but the populations attained in TET and CTET broths were quite similar. 

These results indicate that a 4 h preenrichment phase is long enough to allow 

the resuscitation of injured salmonellae. The addition of selective agents 

should not be delayed longer than 4 h in order to prevent the extensive growth 

of competitors which would occur in the absence of tetrathionote and selenite. 
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Table 6. Number of thermally injured salmonellae recovered from lactose 
and combined selenite broths after 24 h incubation and following 
an additional 24 h incubation in SC broth 

Organism No. bacteria per ml x 10® 

Lac SELl SEL 2 SEL 3 LacSC 

S. anatum 2.7 1.6 2.1 — 11.0 

S. typhimurium 2.8 1.1 1.6 2.9 6.0 

Table 7. Number of thermally injured salmonellae recovered from lactose and 
CTET broths after 24 h incubation and following an additional 24 h 
incubation in TET broth. 

Organism No. bacteria per ml x 10® 

Lac CTET LacTET 

S. anatum 2.8 1.3 3.90 

S. typhimurium 3.3 1.4 .94 

Repair of Freeze Injured Salmonellae 

The repair of freeze injured salmonellae after 4 h incubation in various 

recovery media is presented in Table 8. Except for the S. heidelberg suspensions^ 

each culture contained more than 90% stressed cells. Resuscitation occurred 

in each repair medium; however, complete repair of the entire population did 
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not occur in any of the enrichment broths during the 4 h period of repair. 

Repair was greatest in SEL 3 broth and similar in CTET broth, both of which 

allowed the recovery of more than 50% of the injured cells. Less than 50% 

of the cells repaired in either lactose or SEL 2 broths which were comparable in 

efficiency. The least repair was demonstrated by Sj. anatum cells which 

probably were more susceptible to the freezing treatment than S. typhimurium 

or S. heidelberg. 

Table 8. Percent of freeze injured salmoneilae after 4 h incubation at 35 C in 
nonselective recovery media 

Organ ism° Recovery Medium^ 

Lac SEL 2 SEL 3 CTET 

S. heidelberg 50 65 22 33 

S, typhimurium 67 29 23 24 

S. anatum 65 93 61 80 

Mean 61 62 35 45 

"^Injury was induced by freezing cultures suspended in phosphate buffer 
for 2 min in LNg. 

l 
Resujts are expressed as that percentage of the population that had not 

undergone repair after 4 h at 35 C» 
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Although repair was not complete in the recovery media after 4 h, 

resuscitation was more rapid in SEL 3 and CTET broths than lactose or SEL 2 

broths. This demonstrates the nonselective nature of the combined enrichment 

broths, similar to the conventional preenrichment medium, lactose broth. A 

4 h nonselective enrichment phase was sufficiently long to allow the repair of 

many injured cells since half the salmonellae hod undergone resuscitation in 

this time period. 

Freeze injured salmonellae in this study required a longer repair period 

than shown by results in other reports on the repair of freeze injured salmonellae 

and the experiments with heat injured S. typhimurium and S. heidelberg. 

Extension of the nonselective enrichment step, while permitting more 

salmonellae to resuscitate prior to the addition of selective agents, might also 

allow competitors to reach higher numbers. Even though more viable 

salmonellae may be present, the chances of detecting them could be greatly 

reduced due to the growth of more competing microorganisms. 

A compromise similar to that reached when observing the repair of heat 

injured salmonellae in the combined enrichment media can also be applied to 

the repair of freeze injured salmonellae. A preenrichment phase less than 

4 h based on these studies would only allow the recovery of less than 50% of the 

stressed salmonellae. Any preenrichment step delayed longer than 4 h could 

allow competing organisms to reach a level that may mask or inhibit the growth 

of the new viable Salmonella present. 
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Enumeration of Uninjured ^ typhimurium and ^coli 
In Salmoneilae Enrichment Media 

Figure 5 illustrates the ability of S. typhimurium to multiply to 

measurable levels in the combined enrichment broths when grown in a mixed 

culture with E_^ coli. Conventional enrichment media were used as control 

procedures. The initial population in each recovery medium was approximately 

4 to 5 E. coli cells per S. typhimurium cell per ml. The results represent the 

mean counts obtained from three replications of this competition study. 

The growth of E. coli was significantly suppressed only in TET and CTET 

broths. The cells multiplied to 10^ or more per ml in the other enrichment 

media used. Fewer ^coli cells were present in combined selenite broths 

than SC broth but only SEL 3 broth was significantly (P < 0.05) more 

inhibitory than SC broth. S. typhimurium reached levels greater than 10® 

organisms per ml in all enrichments except lactose broth. Due to Its nonselective 

properties, more E. coli cells grew in lactose broth and may have interferred 

with the multiplication of the salmoneilae. Lactose broth was significantly 

(P <0.05) less effective than SC broth but comparable to the other media used 

to enumerate S. typhimurium. Since S. typhimurium was able to multiply in the 

presence of E. coli, the feasibility of the combined enrichment technique was 

further tested using heat injured salmoneilae and E« coli cells. The ratio of 

E. coli to salmoneilae in the culture broths was also increased to approximately 

10 to ]. 
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Figure 5. Growth of uninjured S. typhîmurîum and E. coli. in various 
saimonelloe enrichment media. 
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Enumeration of Heat injured Solmonelloe and E. coli 
In Solmonelloe Enrichment Media 

Figures b, 7, and 8 indicote the ability of heat injured solmonelloe to 

undergo repair in various solmonelloe enrichment medio and multiply to 

measurable levels when grown with stressed E^coU cells. The initial 

concentration of the mixed population per ml wos about 11 Ej^ coli per 

S. typhimurium cell, 13 E. coli per S. onotum cell, and 9 E. coli per 

S. heidelberg cell. The experiment was repeated three times with each serotype 

and the results represent the mean counts of these replications. 

Multiplication of E. coli was again significantly inhibited in TET and 

CTET broths olthough CTET did not suppress the cells as greatly as direct 

enrichment in TET broth. The data from this experiment confirms the need for 

a selective enrichment step in solmonelloe assays. Saimonellae were greatly 

overgrown in loctose broth by the E. coli cells. E. coli reached levels of 10® 

per ml while solmonelloe numbers averaged only 10^ per ml. When aliquots 

of the lactose preenrichments were transferred to SC and TET broths the 

solmonelloe grew to greater concentrations but ^coli cells also multiplied to 

quite high levels. These organisms could hove interfered with the isolotion of 

solmonelloe on selective agors prepored from SC and TET broths. The combined 

technique alleviates this problem of competitor overgrowth by utilizing only a 

4 h preenrichment step os opposed to the 24 h period used in conventional 

assays. The selenite combined broths also inhibited the growth of E. coli more 
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Figure 6. Growth of heat injured S. typhimurium and E. coli in various 
salmonellae enrichment media. 



www.manaraa.com

67 

S.tvphimurium E.coii 

Ttî CTET se SELl SEL2 SEL3 Lac LacTET LacSC 

Enrichment Medium 



www.manaraa.com

Figure 7. Growth of heat injured S. anatum and E. coli in various 
salmonellae enrichment media. 
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Figure 8. Growth of heat iniured S. heidelberg and E. coli in various 
saltnonellae enrichment media. 
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effectively than methods using SC broth. SEL 2 broth suppressed the 

multiplication of E. coli significantly (P <0.01) better than SEL 3 broth. 

There was no significant difference (P < 0.01) between methods when 

comparing the recovery of injured salmonelloe in CTET broth to growth in TET 

broth with or without a lactose preenrichment step. Growth of salmonelloe in 

SEL 2 broth was not significantly different (P <0.05) from that obtained with 

direct selective enrichment in SC broth. Preenrichment in lactose broth 

followed by selective enrichment in SC broth produced a significantly greater 

population of salmonelloe than enrichment in the combined selenite media. 

The pH of each enrichment medium recorded after 24 h incubation is 

indicated in Table 9. Salmonelloe will grow under optimal conditions in 

Table 9. pH values of salmonelloe enrichment medio ofter 24 h incubation 

Inoculum TET CTET SC SEL 1 SEL 2 SEL 3 Lac 

Injured cells 6.5 5.2 6.0 6.8 6.8 6.8 4.8 

Uninjured cells 6.4 5.2 6.1 6.2 6.4 6.4 5.0 

artificial medio over o pH range of 4.0 to 9.0 and are selectively favored 

bs^ween pH 5,8 and 6,3 (Troiiar,- 1976), pH vglyas recorded during the 

competition studies all fall within this growth range. Lower recoveries of 

salmonelloe in the combined selenite media may have been caused by the higher 
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pH values which do not favor salmonellae. Although the pH of CTET broth 

was quite low after 24 h incubation, salmonellae were still able to multiply 

to the same concentrations as those observed at pH 6.4 to 6.5 in TET broHi. 

Low pH did not appear to inhibit the growth of salmonellae but pH values 

near 6.4 to 6.8 favored E. coli in media containing selenite. 

Of the three serotypes used in this study, S. anatum multiplied 

significantly better in the recovery media than S. typhimurium or S. heidelberg. 

Whether the organisms used as an inoculum were heat injured or not was also 

significant. The effectiveness of the combined selenite media was quite different 

when heat injured cells were used. Much lower concentrations of salmonellae, 

two or more log cycles, were observed in the combined selenite broths as 

opposed to the levels observed when the multiplication of normal cells was 

studied. CTET broth allowed injured cells to multiply as readily as uninjured 

organisms. 

These studies demonstrate the feasibility of the combined enrichment 

procedures. CTET broth was as effective as methods using TET broth. SEL 2 

and SEL 3 broths also allowed salmonellae to reach levels comparable to those 

attained in SC broth. Because injured salmonellae did not grow as well in 

SEL 1 broth, it was eliminated from future comparison studies. The lower 

selectivity of SEL 1 broth may be explained by the presence of beef extract 

which is not a component of SEL 2 or SEL 3 broths. LeJfson (1936) reported 

that beef extract and especially meat infusion reduced the toxicity of selenite. 
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The E. colî cells were probably less inhibited in SEL 1 broth because of this 

reduced selectivity and overgrew the salmonellae. 

Following these preliminary studies, additional experiments were 

designed to evaluate the ability of the combined methods to detect the 

presence of salmonellae in naturally and artificially contaminated foods. The 

effectiveness of the combined techniques were compared directly to 6AM 

procedures recommended for each type of food analyzed in the comparison study. 

Detection of Salmonellae From Frozen Ground Beef 
By the 3 Tube MPN Technique 

The MPN method of Galton et al. (1968) was capable of detecting 10 

salmonellae per gram present in inoculated frozen ground beef patties. This 

observation indicated that enough salmonellae survived the freezing treatments 

to be enumerated. Future experiments could then be designed using ground 

beef seeded with a small number of Salmonella. Following the freezing and 

storage of these samples, detectable levels of salmonellae would still be present 

to provide a reliable comparative test of the efficiency of the various liquid 

enrichment medio used. Samples would not be Salmonella negative due to the 

death of the organisms but would be because of apparent differences in the 

effectiveness of the various enrichment media used for recovery. 

Effect of Storing Salmonellae in Ringer's Solution 

Table 10 demonstrates the reproducibility of the technique of preparing 

a standardized inoculum in Ringer's solution. The number of salmonellae 
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present in the refrigerated suspensions of S. typhîmurium or S. heidelberg 

remained constant over a period of 48 h storage. This procedure was a 

reliable method that made it possible to inoculate foods with a known 

concentration of salmonellae ranging from 1 to 10 per gram. Inocula of 

S. onatum cells prepared in Ringer's and used with the various foods assayed, 

also showed no decrease in numbers during refrigerated storage. 

Table 10. Number of salmonellae present in Ringer's solution suspensions 
stored for 0,24 and 48 h at 5 C 

Time of Storage (h) ^ typhimurium S. heidelberg 

9 
No. bacteria per ml x 10 

0 1.8 1.9 2.1 1.8 

24 1.6 2.0 1.8 1.9 

48 1.6 1.6 1.9 1.7 

Isolation of Salmonellae From Frozen Ground Beef 

Ground beef was selected as a type of food to be analyzed in the 

comparison study for several reasons. The flora of frozen ground beef consists 

of several competitors, such as coliforms with pseudomonads and Moraxella-

Ac inetobacter being most predominant (Reddy, 1978), Unless these organisms 
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are inhibited by the selective enrichment step they could interfere with the 

detection of salmonellae in the samples of beef. The popular use of 

commercially prepared frozen beef patties by food service establishments then 

warrants examination in this study. Although few cases of foodbome disease 

have been attributed to ground beef (Goepfert, 1976), the potential for 

Salmonella contamination still exists during production and distribution of the 

product. Surkiewicz et ai. (1975) and Swaminathan et al. (1978b) have 

reported the presence of salmonellae in samples of retail ground beef. The 

possibility remains that ground beef could be a source of salmonellae in 

foodborne disease outbreaks. Freezing the inoculated patties might also 

injure some of the salmonellae present. Temperatures recorded inside the beef 

patties during cryogenic freezing, -78 C for COg snow and -196 C for LNg, 

may have been sublethal freezing treatments. An injured population of 

salmonellae in the samples would serve to test the ability of the combined 

enrichment broths to detect injured cells. 

Figure 9 indicates the number of mesophiles and psychrotrophs enumerated 

in the control samples of beef patties frozen by three methods. The competitive 

flora was enumerated after 0 and 60 days storage to determine whether any 

decrease in the total number of microorganisms had occurred. Slight reductions 

in the level of mesophiles and psychrotrophs were observed after 60 days storage, 

but the decrease was not statistically significant. 

The effect of freezing methods on the survival of microorganisms on the 
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patties was also determined. No statistical difference between mechanical 

freezing, CO^ snow, and LNg freezing techniques was observed. Reddy (1978) 

found a more lethal effect using cryogenic freezing with COg snow and LNg 

than mechanical freezing. He also observed a decrease in surviving micro­

organisms during storage of frozen beef patties. Neither of these phenomena 

were as apparent in this study. This may have been due to the low initial flora 

present in the ground beef used. The beef may have contained a majority of 

organisms capable of surviving the freezing treatments. Because of handling 

requirements during processing, each patty had been prepared from frozen beef 

which had been quick frozen with CO2 snow. This initial freezing treatment 

may have effectively selected organisms resistant to later freezing treatments. 

However, the initial freezing treatment did not affect comparisons in the 

study on recovery of salmonellae from the ground beef. 

Isolation of salmonellae from patties before and after frozen storage 

is indicated in Table 11. Before frozen storage, all samples enriched in SEL 2, 

CTET, TETBG, and SC broths were salmonellae positive. Four negative samples 

were observed when SEL 3 broth was used as the recovery medium. Since 

salmonellae were present in each patty, negative samples occurred in SEL 3 

broth due to its inability to allow the salmonellae to reach detectable levels 

while suppressing the growth of competing organisms. 

When beef patties were analyzed after 60 days storage the method of 

analysis was modified. The same enrichment media were used but the culture 
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Table 11. Comparison of conventional a/id combined methods for the recovery of saimonellae from frozen 
ground beef 

Method of 
Freezing 

Storage No. of 
Time Samples® 
(days 

at -29 C) 

Number of saimonellae positive replications^ 

Combined*^ Conventional*^ 

SEL 2 SEL 3 CTET SC TETBG 

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 

Mechcinical 60 
35 C 

43C 

6 

3 

3 

6 

2 

3  

5  

1 2 

1 2 

6 

3 

3 

3 

3 

6 

3 

3 

3 

3 

6 

3 3 

3 3 

COg Snow 
35 C 

60 
43C 

6 

3 

3 

() 

3 

3 

4 

1 

6 

3 

6 

3 3 

6 

3 
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35 C 3 
60 

43C 3 

2 2  I  1  3 3 3 3 3 3  

2 3  1  2 3 3 3 3 3 3  

18 18 14 18 18 18 

Tofal 60 
35 C 

43 C 

4 

6 

7 

9 

3 

3 

5 

6 

9 

9 

9 9 

9 9 

9 

9 

9 

9 

9 

9 

replication was recorded as positive if a single Salmonella sp. was isolated from it. 

^All the enriched samples examined after 0 days storage were incubated at 35 C while the patties 
analyzed after i60 days frozen storage were incubated at either 35 C or 43 C. 

^Conventional and combined enrichment brotin were streaked onto BG, SS, and BS agar after 24 h 
incuball'ion when the patties were stored 0 days and after 24 and 48 h incubation following 60 days storage. 
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broths were streaked onto selective ogars after 24 and 48 h incubation at either 

35 C or 43 C. Increasing the incubation period and elevating the incubation 

temperature were done to increase the possibility of detecting salmonelloe with 

the various enrichment broths. 

Incubation at 43 C has been demonstrated by Morris and Dunn (1970), 

Silliker and Gabis (1974), Kafel and Bryan (1977), and Gobis and Silliker 

(1977) to enhance the detection of salmonelloe in meat products. The higher 

incubation temperature suppresses the multiplication of competitors which 

interfere with the isolation of Salmonella from foods. Sveum and Hortman (1977) 

increased the number of isolations of salmonelloe from spray dried egg white by 

extending incubation from 24 to 48 h. Increased isolations of salmonelloe hove 

been obtained by lengthening the incubation period of selective enrichment 

broths from 24 to 48 h (Golton et al. 1968 and Edel and Kompelmacher 1973, 

1974). 

Table 11 also includes the results of the analysis of frozen potties after 

60 days storage. Every sample enriched in CTET, TETBG, and SC broths was 

salmonelloe positive using the modified incubation procedures. Negative 

samples were observed when patties were enriched in SEL 2 and SEL 3 broths. 

Mere salmonellge isolations occurred in SEL 2 broth at both incubation times and 

temperatures but the difference was not significant. The number of positive 

samples increased by approximately 50% when the combined selenite broths 
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were incubated an additional 24 h at either 43 C or 35 C. Although more 

salmonellae were isolated in SEL 2 and SEL 3 broths incubated at 43 C than at 

35 C, the difference was not statistically significant. 

The analysis of frozen beef patties demonstrates the practical use and 

reliability of CTET broth since it was as efficient as the conventional TETBG 

broth. SEL 2 and SEL 3 broths were not as effective as SC broth. The observation 

that fewer potties were positive in the combined selenite medio after 60 days 

storage indicates that a reduction of the salmonellae population may have occurred. 

The combined selenite medio appear to be less sensitive to low numbers of 

Solmonello. Methods of freezing did not significantly affect the detection of 

salmonellae in the ground beef but the serotypes used as inocula did cause 

variations in recovery. Table 12 illustrates differences in detection due to 

serotype. When the patties were initially sampled, only those inoculated 

with S. gnatum produced any negative results (Table 12). After 60 days 

storage/ there were also more negative samples observed for meat inoculated 

with S. anatum than with S. heidelberg and S. typhimurium (Tcèle 12). This 

might be explained by the slow rate of repair of S. anatum cells as demonstrated 

in resuscitation studies using the combined enrichment media. Because S. anatum 

repaired more slowly, the addition of selenite after just 4 h incubation may 

have inhibited its recovery in SEL 2 and SEL 3 broths. 



www.manaraa.com

Table 12. Comparison of conventional (ind combined methods for the recovery of Salmonella serotype? 
from frozen ground beef 

Seroty|>e Storage No. of 
Time Samples 
(days 

at -29 C) 

Number of salmcnellae positive replications° 

Combined^ Conventional*^ 

SEL 2 SEL 3 CTET SC TETBG 

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 

S. typhimurîum 60 
35 C 

43C 

3 

3 

6 6 6 6 6 

1 3 1 2  3 3 3 3 3 3  

2 3 1 2  3 3 3 3 3 3  

S. anal'um 60 
35 C 

43C 

6 

3 

3 

6 

0 

2 

0 0 

6 

3 3 

3 3 

6 

3 3 

3 3 

6 

3 3 

3 3 
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0 6 6 6 6 6 6 

35 C 3 1 3 02 3 3 3 3 3 3 
S. Heidelberg 60 

4 3 C 3  0  3  0 3  3  3  3  3  3  3  

°A replication was recorded as fositive if a single Salmonella sp. was isolated from it. 

^All the enriched samples examined after 0 days storage were incubated at 35 C while the patties 
analyzed after 60 days frozen storage wcsre incubated at either 35 C or 43 C. 

^Conventional and combined enrichment broths were streaked onto BG, SS, and BS agar after 24 h g 
incubation when the patties were stored 0 days and after 24 and 48 h incubation following 60 days storage. 
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bo lotion of Salmonellae From Frozen Turkey Roasts 

Frozen turkey roasts were included in the comparison study because they 

are often naturally contaminated with Salmonella. Guthertz et al. (1976 and 

1977) have reported the presence of salmonellae in comminuted turkey meat 

obtained from retail sources. Frozen roasts are also examples of a processed 

meat product which would require a preenrichment step in order to enhance the 

detection of stressed salmonellae. The preenrichment of processed meats has been 

recommended by Gobi: and Siliiker (1974)/ Edel and Kampelmacher (1973), and 

Vassiliodis et al. (1976). Competitive flora, includingpseudomonadsand Proteus 

present on the roosts, unless suppressed by a selective enrichment step, would 

interfere with the isolation of salmonellae. 

The average number of mesophiles and psychrotrophs on the roasts is 

indicated in Table 13. These levels are similar to the number of competitors 

Table 13. Competitive flora present in frozen turkey roasts 

Samples^ Mesophiles Psychrotrophs 

No. bacteria per g X 10^ 

A, B, C 6.0 4.3 

D, E, F 15.0 17.0 

G, H, 1 7.2 7.0 

"Counts were determined by averaging the number of organisms 
enumerated in duplicate control samples of three roasts at each sampling time. 
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observed on the ground beef patties. This presented the combined enrichment 

media with a similar concentration of organisms to suppress. The roast flora was 

of 0 different type than that observed on ground beef. More Proteus organisms 

grew on selective agars prepared from all the Salmonella enrichment broths. 

However, they were effectively suppressed on BG ogor by incorporating 5 mg 

of sulfadiazinine per liter into the agar base. 

Samples of the roasts were inoculated with salmonellae to compare the 

ability of each enrichment medium to detect a known concentration of cells. 

Also, control samples were analyzed by each comparison method to determine the 

effectiveness of the media for isolating natural Salmonella contaminants. 

Table 14 contains the results from the analysis of turkey roasts inoculated 

with 8 to 10 salmonellae per gram. Control samples A and B were contaminated 

with S. san diego and S. st paul, respectively (Table 15). CTET, TET and SC 

broths isolated these contaminants and also detected all the samples inoculated 

with salmonellae. The natural contaminants were not found with either SEL 2 

or SEL 3 enrichment broths. Roast samples inoculated with S. typhi murium were 

not positive in one of two cases in both combined selenite broths, and the SEL 2 

medium did not detect S. heidelberg in one seeded sample. Because fewer 

salmonellae were isolated from roasts enriched in SEL 2 and SEL 3 broths, the 

incubation period was extended by 24 h for the same reasons previously discussed. 

Data in Table 16 indicates the effect of incubation time when samples were 

incubated for 24 and 48 h in the conventional and combined enrichment media. 
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Table 14. Comparison of conventional and combined methods for the recovery of salmoneliae from frozen 
turkey roasts 

Number of salmoneliae positive samples^ 

Sample'^' Combined^ Conventional*^ 

SEL 2 SEL 3 CTET LocSC LacTET 

24 h 24 h 24 h 24 h 24 h 

A Control - - 1+1+ 1+ 
S. typhimurîum 1+ 1+ 2+ 2+ 2+ 

B Control - - 1+ 1+ 1+ 
S. heidelberg 1+ 2+ 2+ 2+ 2+ 

C Control — — — — — 
S. anaturn 2+ 2+ 2+ 2+ 2+ 

Tot-Control - - 2+2+ 2+ 
al Salmoneliae 4+5+ 6+6+6+ 

°A replication was recorded os positive if a single Salmonella sp. was isolated from it. 

incubated at 35 C . 

^Convention 
incubation at 35 C . 
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Table 15, Salmonella species isolated from samples of frozen control turkey roasts 

Sample Salmonella spp. isolated^ 

A S. son diego 
B S. st paul 
D S. Heidelberg 
G S. anotum 

Arizona hinshowii 
H S. bredeney 

®Identified by the State Hygienic Laboratory, Iowa City, bwa. 

Only sample D was naturally contaminated with S. heidelberg which was isolated 

from CTET, TET, and SC broths (Table 15). One control sample was salmonellae 

negative after 48 h incubation in SC broth. Neither SEL 2 broth or SEL 3 

broth gave positive result» from roest» inoculated with S. heidelberg. 

Turkey samples D, E, and F were inoculated with about 1 to 2 

salmonellae per gram. This provided a more rigid test to determine the dsility 

of the combined enrichment procedure to isolate low numbers of salmonellae. 

Only S. typhimurium was detected in the combined selenite broths. The 48 h 

incubation period also increased the isolations of this serotype. All inoculated 

samples were salmonellae positive at each sampling time in SC and TET broths. 

One roœt inqculoted with S. onatum wen falsely negative in CTET broth after 

48 h incubation. 
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Table 16. Comipwison of conventional and combined methods for the recovery of salmonellae from frozen 
turkey roasts 

Number of salmonellae positive samples^ 

Sample"' Combined^ Conventional^ 

24 

SEL 2 

48 24 

SEL3 

48 

CTET 

24 48 24 

LacSC 

48 

LacTET 

24 48 

D Control _ _ _ 2+ 2+ 2+ 1 + 2+ 2+ 
S. typhii'murium 1+ 2+ 1+ 2+ 2+ 2+ 2+ 2+ 2+ 2+ 

E Control — — — — — — 

S. onatum - - - - 2+ 1+ 2+ 2+ 2+ 2+ 

F Control — •• «, 

S. heidelberg - - - - 2+ 2+ 2+ 2+ 2+ 2+ 

Tot­ Control — — 2+ 2+ 2+ 1 + 2+ 2+ 
al Salmonellae 1 + 2+ 1+ 2+ 6+ 5+ 6+ 6+ 6+ 6+ 

°A replication was recorded as positive if a single SalmoneMo sp. was isolated from it. 

^Duplicate enriched control and inoculated (II to 2 Salmonella per g) turkey roast samples were 
incubail'ed at 35 C. 

Conventional and combined enrichment brotlis were streaked onto BG, SS, BS agar after 24 and 48 h 
incubal^ion. 
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Because salmonellae were not isolated from known positive samples 

when using the combined selenite broths, an additional experiment was designed 

to possibly increase their selectivity. All culture broths were analyzed after 

24 and 48 h incubation at either 35 C or 43 C. The elevated incubation 

temperature was used to possibly increase the sensitivity of the combined selenite 

media. Approximately 1 to 2 salmonellae per gram were added to the 

inoculated roast samples. Data from this experiment are presented in Table 17. 

All control and inoculated roasts enriched in SEL 2 and SEL 3 broths 

were salmonellae negative except for a single sample containing S. heidelberg 

which was positive in SEL 2 broth after 24 h at 43 C. All inoculated samples 

were salmonellae positive when enriched in CTET and TET broths. One 

sample containing S. anatum incubated at 35 C in SC broth was negative after 

both 24 and 48 h incubation. S^ anatum and Arizona hinshawii were detected 

in control sample G and S. bredeney was isolated from sample H (Table 15). 

CTET, TET, and SC broths all detected the presence of these natural contaminants 

when incubated at 43 C. Only SC broth isolated S. bredeney from roast H 

when enriched at 35 C for 48 h. incubation of control sample G at 35 C 

resulted in salmonellae isolations only when CTET broth was used. 

These studies with frozen turkey roasts demonstrated the reliability of 

CTET broth. Only one more inoculated sample was detected using the 

conventional tetrathionate medium than CTET broth. However, one additional 
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Table 17. Comparison of conventional «nd combined methods for the recovery of salmonellae from frozen 
turkey roasts incubated at 35 C and 43 C 

Sample 

G Control 

S. ancitum 

H Control 

S. typhimurfum 

I Control 

S. heidelberg 

35 C 
43 C 
35 C 
43 C 

35 C 
43C 
35 C 
43C 

35 C 
43C 
35 C 
43C 

Number of salmonellae positive samples 

Combined*^ Conventional^ 

SEL 2 SEL 3 CTET LacSC LacTET 

24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 24 h 48 h 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 

+ 
+ 

+ 
+ 
+ 
+ 

+ 
+ 

+ + 
+ + 
+ + 

+ 
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Tot­ Control 35 C — — - + + - + - -

al 43 C M — - 2+ 2+ 2+ 2+ 2+ 2+ 

Solmonellae 35 C mm mm m — 3"f" 3+ 2+ 2+ 3+ 3+ 

43 C 1 + - 3+ 3+ 3+ 3+ 3+ 3+ 

°A replication was recorded as positive if a single Salmonella sp. was isolated from it. 

^Single enriched control and inoculated (1 to 2 Salmonella per g) turkey roast samples were incubated 
at 35 C and 43 C . 

^Conventional and combined enrichment broths were streaked onto BG, SS, BS agar after 24 and 48 h 
incubation. 
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control sample was salmonellae positive in CTET broth but negative in TET broth. 

All control samples positive in SC broth were salmonellae negative when 

enriched in SEL 2 and SEL 3 broths. The combined selenite media also failed to 

isolate salmonellae from many inoculated samples. The inefficiency of the 

combined selenite media is probably due to their inability to suppress the 

multiplication of competitors as effectively as the other enrichment media. 

Streak plates prepared from SEL 2 and SEL 3 broths contained more non-

salmonellae-like colonies than on agars streaked from CTET, TET, and SC 

broths. This greater concentration of competitors may have inhibited the 

growth of the salmonellae in the enrichment media or masked their presence 

on the selective agars. 

Isolation of Salmonellae From Dried Foods 

Dried food, including dried soup and gravy mixes, and spray dried egg 

albumen, was the third type cf feed analyzed in the cemperisen st'jdy. These 

products were chosen because they must undergo a preenrichment phase in order 

to determine the presence of salmonellae si^lethally injured by the drying 

processes. The presence or absence of natural salmonellae contaminants in 

each dried product was determined utilizing the comparison procedures. No 

Soirttônèllciè were isoiated from dried groVy Of sôUp bur a jaimôfîêiia Spêclês Was 

detected in dried egg sample C using CTET broth (Table 18). The serotype of 

the isolate could net be determined by the State Hygienic Laboratory, Iowa City, 
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Table 18. Comparison of conventional and combined methods for the recovery of salmonellae from dried 
beef gravy, vegetable beef soup, and sfiray dried egg albumen inoculated with salmonellae 

Type of Sample 
Food 

No. of ° 
inoculated 
scmples per 
recovery method 

Number of salmonellae positive replications 

.c ^ ,c 
Combined Conventional 

SEL 2 SEL 3 CTET LacSC LacTET 

24 48 24 48 24 48 24 48 24 48 

Gravy A 2 2 2 2 2 2 2 2 1 2 2 
Gixivy B 1 1 1 1 1 1 1 1 1 1 1 
Soup A 2 2 2 1 2 2 2 2 2 2 2 
Soup B 1 1 1 1 1 1 1 1 1 1 1 
Egg A 2 2 2 2 2 2 2 2 2 2 2 
Egg B 2 2 2 2 2 2 2 2 2 2 2 
Egg C 1 0 0 0 0 0 1 0 0 0 0 
Total 7 11 10 10 9 10 10 11 10 9 10 10 

^All the samples were inoculdhed with 1 to 2 salmonellae per gram except spray dried egg white 
sample C, whSch was naturally contaminated with salmonellae. 

replication was recorded o> positive if a single Sglmonellq sp. was isolated from it. 

^Coiriventional and combined enrichment broths were streaked onto BG, SS, and BS agar after 
24 and 48 h incubation at 35 C. 
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Iowa. The number of mesophiles enumerated in dried gravy mix per gram was 

4 3 
4.0 X 10 . The soup mix contained 6.0 x 10 mesophiles per gram and the 

2 
salmonellae negative egg samples had 8.2 x 10 mesophiles per gram. 

Because no salmonellae contaminants were found, each sample was 

inoculated with 1 to 2 Salmonella per gram. Every enrichment medium was 

analyzed for salmonellae after 24 and 48 h incubation at 35 C. CTET broth 

was again as efficient as TET broth, which is indicated in Table 18. SEL 3 

broth was equal to SC broth in efficiency, but SEL 2 broth detected one 

additional sample negative by the other selenite enrichment methods. 

These results for dried foods again demonstrate the reliability of CTET 

broth as was found for beef and turkey, but SEL 2 and SEL 3 broths were also 

as efficient as the conventional SC medium. However, the increased 

sensitivity of the combined selenite broths must be interpreted with caution. 

Fewer competitors were present in the dried foods than in the meat products 

previously examined. The nature of the flora in the desiccated foods was also 

different. Less gram negative organisms were observed and more gram positive 

sporeforming rods were encountered. The combined selenite media were 

probably more reliable in this work because the salmonellae might have been 

able to reach greater numbers due to the absence of large populations of 

competing gram negative microorganisms. 
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Detection of Saimonellae in Foods With the FA Technique 

Detection of saimonellae in the various foods analyzed in the comparison 

study by cultural methods and the FA technique is presented in Table 19. 

There were no false positive samples determined by the FA procedure but one 

turkey roast sample which was culturally positive in TET broth was a false 

negative sample by the FA test. Only 30 h were required to detect the presence 

of saimonellae in the samples with the FA technique while cultural methods 

required 5 days. 

The pooled "OH" antiserum absorbed to both whole cells and flagella 

present in the enrichment broths, identification of Salmonella positive samples 

using the pooled antiserum was readily mode because cells were relatively easy 

to identify as saimonellae because of the fluorescing flagella. Flagella were 

not observed in all samples positive by FA analysis. Background fluorescence 

was more of a problem with the ground beef and turkey samples than the dried 

products which did not contain as much fat as the meat samples. 

Figure 10 illustrates typical fields containing fluorescing cells. The 

samples were ground beef inoculated with S. typhimurium and enriched in both 

the conventional and combined enrichment medio. Fewer cells were consistently 

observed on FA slides prepared from the combined selenite broths, with SEL 3 

broth containing the fewest cells per positive field. Slides made from SC, TET, 

and CTET broths generally contained similar numbers of fluorescing cells per 

field. Results from this study indicate that saimonellae will reach levels detectable 
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Tcèle 19. Comparison of FA and conventional identification methods for the 
detection of salmonellae in various foods inoculated with known 
salmonellae 

Sample Confirmation Enrichment Medium 
Method 

SEL 2 SEL 3 CTBT SC TET 

Ground Beef A FA + + + + + 
Conventional + + + + + 

Ground Beef B FA + + + + + 
Conventional + + + + + 

Ground Beef C FA + - + + + 
Conventional + - + + + 

Turkey Roast 1 FA + - + + -

Conventional + - + + + 
Turkey Roast G FA - - + + + 

Conventional - - + + + 
Dried Gravy B FA + + + + + 

Conventional + + + + + 
Dried Soup B FA + + + + + 

Conventional + + + + + 
Dried Egg A FA 4 4 4- 4-

Conventional + + + + + 

by the direct FA technique within 24 h in the combined enrichment broths. 

Statistical Analysis of the Comparison Study 

Results of the study made to determine the effectiveness of the combined 

enrichment broths in comparison to conventional media used for the isolation 

of Salmons!!a ara listed in Tab!# 20, The data r$pr@$@nt only those sgmples 

inoculated with salmonellae and incubated at 35 C for 24 h. Table 21 includes 

the same samples as in Table 20 but only those which were tested for salmonellae 

after both 24 and 48 h incubation. 
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Figure 10. Direct FA staining effects when the combined and conventional 
enrichment media were used to enrich samples of frozen ground 
beef containing ^ typhimurium. 

Upper left = TET broth 

Upper right - CTET broth 

Lower left - SC broth 

Lower right - SEL 2 broth 

Lower center - SEL 3 broth 
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Table 20. Comparison of conventional and combined methods for the recovery of saimonellae from 
various foods inoculated willh saimonellae 

Type of No. of No. of Number of saimonellae positive replications^ 
Food Lots inoculated L 

samphis per Combinée! Conventional 
recovtay meHiod 

SEL 2 SEL 3 CTET se TET 

24 h 24 h 24 h 24 h 24 h 

Ground Beef 9 27 22 17 27 27 27 
Turkey Roast 9 15 5 6 15 14 15 
Dried Soup 2 3 3 2 3 3 3 
Dried Gravy 2 3 3 3 3 3 3 
Dried Eggs 1 4 4 4 4 4 4 
Total 23 52 37 32 52 51 52 

°A replication was recorded as positive if a single Salmonella sp. was isolated from it. 

^Conventional and combined enrichment broths were streaked onto BG, SS, and BS agar after 24 h 
incubation at 35 C. 
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Table 21. Comparison of conventional and combined methods for the recovery of solmonellae from various 
foods inoculated with solmonellae and enriched for 24 and 48 h 

Type of No. of No. of Number of solmonellae positive replications^ 
Food Lots inoculated , ^ 

samples per Combined^ Conventional 
recovery method 

SEL 2 SEL 3 CTET SC TET 

24 h 48h 24 h 48h 24 h 48h 24 h 48h 24 h 48h 

Ground Beef 9 9 4 7 3 5 9 9 9 9 9 9 
Turkey Roost 6 9 1 2 1 2 9 8 8 8 9 9 
Dried Soup 2 3 3 3 2 3 3 3 3 3 3 3 
Dried Gravy 2 3 3 3 3 3 3 3 3 2 3 3 
Dried Egg 1 4 4 4 4 4 4 4 4 4 4 4 
Totol 23 28 15 19 13 17 28 27 27 26 28 28 

replication was recorded as positive if a single Salmonella sp. was isolated from it. 

^Conventional and combined enrichment broths were streaked onto BG, SS, and BS agar after 24 
and 48 h incubation at 35 C. 
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A total of 52 samples was inoculated with salmonellae and assayed after 

24 h incubation. CTET brofh detected every positive sample, as did TET broth. 

SC broth failed to isolate salmonellae from only one turkey roost sample. Use 

of SEL 2 broth resulted in 15 negative samples and SEL 3 broth did not detect the 

salmonellae in 20 samples. A Chi-square analysis of these data indicated no 

significant difference existed between CTET, TET, and SC broths for use as 

salmonellae enrichment media. SC broth was significantly more effective than 

SEL 2 and SEL 3 brotfis. Although more salmonellae isolations occurred in the 

SEL 2 medium than the SEL 3 combined broth, the difference was not significant. 

The additional 24 h incubation period enhanced the detection of 

salmonellae in foods enriched in SEL 2 and SEL 3 broths. This increase in 

efficiency was not statistically significant at the 5% level of probability. The 

improvement was probably caused by the multiplication of the salmonellae to 

detectable levels after 48 h incubation. Since competitors do not seem to be as 

readily inhibited in the combined selenite broths as in CTET broth, a 48 h 

incubation period needs to be used to improve the effectiveness of the selenite 

media. 
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SUMMARY 

Studies were made to determine the feasibility of combining 

preenrichment in lactose broth and selective enrichment in tetrathionate (TET) 

or selenite-cystine (SC) brolhs, media used for solmonellae assays, into a 

single combined enrichment procedure. This was achieved by adding selective 

agents to nonselective basal broths following an appropriate preenrichment period. 

Injured solmonellae were able to repair in the absence of selective agents and 

competitors were inhibited following the addition of the agents. Telraihionate 

and selenite are the selective components of TET and SC broths respectively. 

Tetrathionate was formed in combined tetrathionate (CTET) basal broth when a 

solution of iodine was added by pipette. Selenite was also added by pipette 

from a stock solution to nonselective combined selenite (SEL 1, SEL 2, and SEL 3) 

basal broths. The combined technique was used to detect the presence of both 

injured and uninjured solmonellae in foods. 

The principle of combining preenrichment and selective enrichment into 

a single enrichment technique has been previously demonstrated. AI ford and 

Knight (1969) obtained favorable results by delaying the addition of selenite to 

SC broth which contained no selective agent at the time of inoculation with 

Salmonella contaminated foods. Lonz and Hartmon (1976) also demonstrated the 

feasibility of combined enrichment procedures by detecting injured and uninjured 

coiiforms using timed-release capsules containing brilliant green and brilliant 
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green plus oxgall. The capsules were added to nonselective media at the time of 

inoculation and Hie media gradually became selective as the agents were released. 

This principle was also adopted for use in the isolation of solmonellae from foods 

by Sveum and Hartman (1977). Iodine or selenite was gradually released from 

timed-release capsules added at the time of inoculation and the medio progressively 

became selective. This method was not as sensitive as the conventional techniques 

used because a selective environment was gradually formed which failed to 

suppress the growth of competitors. This problem was alleviated in the present 

study because selective conditions were formed immediately following the addition 

of the selective agents. 

Heat injured and freeze injured salmonellae were able to undergo 

resuscitation in the combined enrichment media. The rotes of repair were 

similar to those observed in lactose broth but freeze injured cells recovered from 

stress more slowly tfian heat injured salmonellae. FVeenrichment for 4 h was 

found to be sufficiently long to allow for the recovery of injured salmonellae. 

Determining the presence of sublethally stressed salmonellae in foods is essential 

because injured salmonellae have been demonstrated to still be pathogenic 

(Scrrelis etal. 1970). The isolation methods utilized must allow for the 

resuscitation of injured cells but must also suppress the growth of competitors. 

Growifi of E. coli cells was inhibited in CTET broth as effectively as in TET 

broth. The multiplication of E. coli was not suppressed substantially in the 

combined selenite media. 
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The efficiency of the combined procedures was compared to conventional 

techniques used to isolate salmonellae from foods. Three types of food, frozen 

ground beef, frozen turkey roasts, and dried foods were analyzed for salmonellae. 

Each category of food was also inoculated with low levels of salmonellae in order 

to determine the efficiency and to gain some idea of the sensitivity of the 

combined methods. 

In comparison to conventional methods used to examine the foods for 

Salmonella, CTET broth was as reliable as TET and SC broths. SEL 2 and SEL 3 

broths detected salmonellae in dried foods more readily than in the meats examined. 

The combined seienite technique possibly was not as effective as CTET broth when 

low numbers of salmonellae were present in food containing a high concentration 

of competing microorganisms. The effectiveness of the seienite combined 

procedure can be enhanced by incubating the media on additional 24 h. in 

studies comparing the ability of each medium to isolate salmonellae from foods, 

SEL 2 broth was a more reliable enrichment medium than SEL 3 broth but neither 

was as dependable as SC broth. 

The presence of salmonellae in ffie foods assayed could be determined in 

30 h using the direct FA technique and the combined enrichment procedure. 

Fluorescent stains prepared from the combined seienite broths contained fewer 

fluorescing cells per field than slides prepared from the other enrichment broths; 

CTET was therefore more adaptable for FA staining than the combined seienite 

media. 
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The results of this study demonstrate the feasibility of combining the 

separate steps of preenrichment and selective enrichment used in salmonellae 

assays. A reduction in incubation time was obtained utilizing the combined 

method because only 24 h were needed for incubation of samples containing 

stressed salmonellae. Forty-eight hours are required when using the conventional 

procedures which utilize separate 24 h nonselective and selective enrichment 

periods. 

Reductions in labor and manhours required for Salmonella assays were 

also achieved utilizing the combined enrichment technique. Transfers did not 

have to be made from preenrichment media to selective enrichment broths. 

AlsO/ only one set of media and glassware had to be prepared and cleaned 

using the combined technique while conventional methods required two sets of 

medio and glassware. 
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CONCLUSIONS 

1. Successful heat injury of saimonellae for experimental purposes 

can be achieved by heat shocking the cells at 52 C for 30 min. 

2. Heat injured ^ typhimurium and ^ anatum will undergo repair in 

lactose broth and the combined tetrathionate brotfi within 4 h, so that selective 

enrichment of saimonellae is possible after that time. 

3. In general/ heat injured saimonellae undergo cellular repair more 

rapidly than freeze injured saimonellae in various enrichment media. 

4. Combined tetrathionate broth is more effective than combined 

selenite media for inhibiting E. coli in saimonellae detection. Combined 

tetrathionate broth also produces more reliable results than the combined 

selenite media do in comparison with conventional methods for isolating 

saimonellae from foods. 

5. Combined tetrotfiionate broth is as effective as conventional 

tetrathionate broth in determining saimonellae in foods, and the determination 

can be completed within 30 h when the direct fluorescent antibody technique 

is used for confirmation. 

6. Detection of saimonellae in ground beef is improved by 

lengthening the incubation period to 48 h and by incubating at 43 C instead 

of 35 C when combined selenite media are used. 

7. Combined selenite broths are more effective in detecting 

saimonellae in dried foods than in other foods because fewer competing gram 
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negative bacteria are present in the dried products. 

8. Combined selenite media are not as efficient as selenite-cystine 

broth in salmonellae enrichment. 

9. It is feasible to combine the separate steps of preenrichment and 

selective enrichment into a single procedure so that both phases of salmonellae 

isolation can be done in 24 h instead of 48 h. 

10. Use of the combined enrichment procedure substantially reduces 

the materials and manhours required for salmonellae assays. 
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