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Recovery of E.  coli from model systems of one percent gelatin 

and one percent gelatin with five percent glucose was determined 

before freezing,   immediately after freezing and after freeze drying. 

Recovery media studied were Violet Red Bile agar,   Desoxycholate 

agar,  Eosin Methylene Blue agar,   E., C.  broth,   Boric Acid broth 

and Lauryl Sulfate Tryptose broth.    Recovery from these selective 

media was compared to recovery from non-selective media.  Nutrient 

agar and Nutrient broth. 

Freezing and freeze drying has been found to be injurious to 

E.  coli depending upon the pH and composition of the substrate. 

Glucose provided protection to E.  coli from injury during freeze 

drying.    Recovery from substrates containing glucose was almost 

equal on solid and liquid,   selective and non-selective media. 

The best recovery of E.  coli from freeze dried material was 

observed in both model systems when the pH was 7. 0. 



Highest recovery of E.   coli from both model systems was 

observed on Nutrient agar; Eosin Methylene Blue agar gave next 

best recovery.    Recovery on Violet Red Bile agar and Desoxycholate 

agar was lowest.    In case of liquid media,   recovery on Nutrient 

broth was maximum,   but recovery was lowest with E.   C.  broth. 

Recovery from Boric Acid and Lauryl Sulfate Tryptose broth was 

almost equal.    Direct plate count technique with solid media gave 

higher recovery than liquid media when determined by the most 

probable number technique. 
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RECOVERY OF ESCHERICHIA COLI FROM 
FREEZE DRIED MODEL SYSTEMS 

INTRODUCTION 

Freeze drying of lyophilization has been utilized for preserva- 

tion of microbial cultures for many years.     This process is being 

increasingly used today for preservation of foods.    Unlike thermally 

processed foods,   freeze dried foods may contain many microorganisms 

including pathogens which are preserved along with the food.     These 

microorganisms may quickly increase in number during rehydration 

and holding periods prior to consumption of food.    It is essential 

freeze dried foods be manufactured under highly sanitary conditions 

and raw materials of the highest quality be used.     These foods must 

be constantly examined for the presence of microorganisms,especi- 

ally those of public health significance. 

Indirect evidence for the presence of pathogenic organisms, 

as well as sanitary conditions existing during manufacture of foods, 

can be obtained by examination for the bacterium Escherichia coli. 

This bacterium,   a common inhabitant of the colon of warm blooded 

animals,   has long been used as an indicator of fecal contamination. 

Foods so contaminated may also contain Salmonella and/or other 

pathogenic bacteria commonly transmitted this way.    Standard 

procedures have been developed for isolation and enumeration of 

E.   coli from fresh and processed foods.     There has been very 



little work done,  however,   on the isolation and enumeration of 

E.   coli from freeze dried foods.    It can be assumed that procedures 

similar to those used for other processed foods can be used to re- 

cover and enumerate this bacterium from freeze dried foods. 

Microorganisms which are present in freeze dried foods have 

been subjected to a variety of stresses during freeze drying  i.e. 

freezing,   drying and vacuum.    Their recovery and enumeration will 

depend upon their initial physiological state,   location on or in the 

food,   storage conditions and rehydration procedures.    Recovery of 

E.   coli will depend upon the microorganisms maintaining those char- 

acteristics which permit it to develop on selective media. 

The present study has been undertaken to determine how effec- 

tive standard procedures used for the recovery of E.   coli from other 

foods might be in evaluating freeze dried foods.    Model systems using 

gelatin,   glucose and buffer were chosen to permit control of variables 

such as substrate composition and to permit manipulation of pH.    The 

pH of the substrate was varied to simulate the range of pH normally 

found in foods. 

The recovery media studied were Violet Red Bile agar,   Desoxy- 

cholate agar,   Eosin Methylene Blue agar,   E.   C.   broth,   Boric Acid 

broth and Lauryl Sulfate Tryptose broth.    The recovery of E.   coli 

from these selective media was compared to recovery from non- 

selective media,   Nutrient agar and Nutrient broth. 



REVIEW OF LITERATURE 

Freeze Drying of Escherichia coli 

Freeze drying or lyophilization is one of the methods used for 

the preservation of microbial cultures.    Fry (1954) and Heckly (1961) 

have published a review on this subject.    The first significant quanti- 

tative data on survival rates of lyophilized microorganisms is found 

in the work of Stamp (1947) followed by papers by Proom and Hemmons 

(1949) and Fry and Greaves (1951). 

Record and Taylor (1953) reported many factors influence the 

survival of Bacterium coli (Escherichia coli) when freeze dried. 

Survival was found to be dependent upon strain.    Bacterium coli 

(E.  coli) American type   B was the most sensitive one; only 0. 006 

percent survivors were detected after freeze drying.    With a given 

strain,   a well defined relationship was found to exist between the 

concentration of organisms in the suspension prior to drying and 

the percent viable survivors recorded after reconstituting the dried 

product. 

Proom and Hemmons (1949) found the percent organisms surviv- 

ing freeze drying varied with the species,  from less than one percent 

to 100 percent when the organisms were suspended in broth,   and 

from no survivors to 100 percent when organisms were suspended 



in saline.    The storage loss of dried cultures was a function of stor- 

age temperature and moisture after drying; however,   suitably dried 

culture could be kept at room temperature for a very long period. 

Steel and Ross (1963) studied the survival of 100 strains of 

freeze dried bacteria representing 15 genera.    They determined 

the initial survival after freeze drying and survival over a ten year 

period of storage in the freeze dried state.    They found gram positive 

organisms tended to survive better than gram negative. 

Effects of freezing,  freeze drying and storage in the freeze 

dried and frozen state on viability of E.   coli cells have been studied 

9 
by Clement (1961).    E.   coli cells in concentration of 2 X 10    cells 

per ml were resistant to freezing at -78f0oC and other low temper- 

atures encountered during freeze drying when suspended in distilled 

water,   7.5 percent glucose,   4.5 percent glycerol,   skim milk or 

serum.    Resistance was greatly reduced; however,   when suspended 

in saline.    Survival immediately after freeze drying varied with 

drying interval and composition of the suspending medium.    Survival 

was highest (70 to 100 percent) in media containing 7. 5 percent 

added glucose.    Survival of freeze dried suspensions in serum con- 

taining 7. 5 percent added glucose was inversely related to storage 

time and temperature.    After one year at 4,   21 and 32 0C survival 

was 80,   25 and 0 percent,   respectively.    Cell suspensions frozen 

in water,   glucose,   glycerol and serum and stored in the frozen 
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state at -18,   -23 and -40 0 C showed a diminishing death rate and 

eventually attained a stable state.    The final level of survival varied 

with the composition of the suspending medium and the storage tem- 

perature.    Glycerol provided most consistent protection (minimum 

survival 65 percent).    Survival in water and glucose was inversely 

proportional to the storage temperature.    Viability in water was 

higher than in glucose and was equal to glycerol stoxarge at -40° C 

(80. 0 percent) after two years. 

Fry (1954) and Heckly (1961) in their reviews dealt with vari- 

ous aspects of lyophilizing bacterial cells.    The factors which affect 

the survival of bacteria when lyophilized and stored are:   type of 

organisms,  nutrition,  age,   cell concentration,   suspending medium, 

rate and method of freezing,   method and extent of drying,   storage 

conditions,   methods of reconstitution and assay methods. 

Microbiology of Freeze Dried Foods 

Freeze drying is commercially developing as a method of pre- 

serving foods.    Attention and interest has arisen relative to the 

microbiology of these foods (Sinskey et al. ,   1964; Silverman and 

Goldblith,   1965).    The processes used to freeze dry foods,   though 

lethal to many microorganisms,   does not insure the final product 

will be free from microorganisms;   on the contrary,   many micro- 

organisms survive the process.    There is also a possibility that 



freeze drying may lead to selection of microorganisms,   especially 

microorganisms of public health importance,   which may multiply 

during rehydration of food (Pablo et al. ,   1965). 

Saleh et al.   (1965) carried out microbial evaluation of com- 

mercial freeze dried foods.    Total counts varied from 300 to 

1, 500, 000 per gram of dried material,  which on a rehydrated basis 

are not excessive.    Both fecal streptococci and Staphylococcus aureus 

were found to be present in some of the products. 

-^Approximately 21 percent of the aerobic and 3 7 percent of the 

anaerobic bacteria in chicken meat survived freeze dehydration and 

storage at room temperature (May and Kelly,   1965; Chipley and May, 

1968).    Lactobacillus sp. ,  E.  coli,  Aerobacter aerogenes,   Salmon- 

ella sp. ,  Streptococcus sp. ,   S.  aureus,   Bacillus cereus and Clos- 

tridium sporogenes survived freeze drying and were isolated after 

rehydration.    Approximately 81 percent of the C.   sporogenes cells 

7 
survived rehydration at 1000C and grew to over 1 X 10    cells within 

40 hours/ 

Pathogenic organisms such as Salmonella typhimurium (Sinskey 

et al. ,   1964; Sinskey et al. ,   1967),   S.  aureus (Sinskey et al. ,   1964; 

May and Kelly,   1965),   Clostridium botulinum spores (Wells,   1966), 

and C.   sporogenes  (Chipley and May,   1968) have survived freeze 

drying in food. 

Vanderzant and Suarez (1967) studied the effect of freeze 



dehydration on the survival of certain psychrotropic bacteria in 

skim milk,   ice cream mix substitute and cottage cheese.    They found 

one species of Achromobacter relatively resistant to freeze drying 

compared to five cultures of Pseudomonas in skim milk and ice cream 

mix substitute.    Extensive reduction of the number of viable cells 

among species of Pseudomonas and Achromobacter was observed in 

cottage cheese. 

Effect of Freezing on Microorganisms 

Freezing is lethal to many microorganisms.     With E.  coli the 

percent organisms destroyed during freezing range from 10 percent 

up to 50 percent (Luyet and Gehenio,   1940; Weiser and Osterud, 

1945; Straka and Stokes,-   1959).    Generally speaking,   the literature 

indicates the number of bacteria surviving subfreezing temperature 

would depend on:   initial number of viable cells present when frozen 

(Record and Taylor,   1953; Kropp,   1950),   the rate of the freezing 

and thawing process (Luyet and Gehenio,   1940),   the temperature of 

storage (Hillard and Davis,   1918),   the duration of the storage period 

(Weiser and Ostrud,   1945) and the physical protection offered by the 

menstrua in which microorganisms are frozen.     With E.  coli 

(Squires and Hartsell,   1955) the conr^bination of phosphate buffer 

and glycerin offer the best protection against death during freezing 

and subsequent storage. 
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There is a popular misconception that foods become sterile 

when frozen.    Microorganisms are destroyed to a certain extent but 

far from complete destruction is obtained (Miller et al. ,   1964). 

Meynell (1956) reported E.  coli became incapable of gross multipli- 

cation either on Nutrient agar or in Nutrient brotli,   when previously 

grown in broth and suddenly chilled to 40C.    He concluded killing 

to be the joint action of the diluent and sudden chilling. 

Various explanations have been given to the causes of bacterial 

death by freezing.    Ice formation has been suggested by Weiser and 

Osterud (1945) and Proona (1958) as the cause of death,   either by 

direct crushing of the cell by intracellular or extracellular ice 

crystals or by pressure resulting from ice formation.    Harrison 

(1956) believes the unsolidified solute to be highly involved in death 

of bacteria during freezing.    Concomitant with freezing,  water is 

withdrawn from the substrate as ice is formed and cells become 

subjected to concentrated solute.    The degree of lethality of the 

unsolidified solute is of course dependent upon the compounds of 

which it is composed.    At -22 0C sodium chloride is strongly lethal. 

Glycerol on the other hand may cause little if any death. 

Georgala and Hurst (1963) reported the survival of food poison- 

ing bacteria in frozen foods.    Their observations are:   (1) there is 

a sudden and immediate mortality upon freezing,   the degree of which 

is dependent upon microbial species,   (2) the proportion of cells 



surviving immediately after freezing is nearly independent of the 

rate of freezing,   (3) the cells which are still viable immediately 

after freezing die gradually on storage in the frozen state,   (4) the 

decline in number is relatively rapid at temperatures just below the 

freezing point especially near -20C,   but less so at lower tempera- 

tures.    The various food materials can influence bacterial resistance 

to low temperature.    Acidity is one factor which accelerates death 

during freezing and cold storage (Straka and Stokes,    1959) and is 

claimed to be partly responsible for the rapid inactivation of enteric 

pathogens in inoculated frozen orange juice concentrate (Ham and 

Apple,   1959). 

Protection of Bacteria during Freezing and Freeze Drying 

Various strains of E.  coli have different survival rates on freeze 

drying (Record and Taylor,   1953);    American strain type B  is 

most sensitive to freeze drying.    With a given strain, survival also 

depends upon the nutrition and age of bacterial culture.    Lemcke 

(1959) showed a direct correlation between the age of a broth culture 

and the percent E„coli surviving drying.    The percent survival in- 

creased from 0. 02 percent for a 1. 25 hr old culture to 12. 9 percent 

for an 1 8 hour old culture. 

Record and Taylor (1953) reported the existence of a well 

defined relationship between the concentration of B.  coli (E.   coli) 
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in a suspension before freeze drying and the percent viable survivors 

recovered after reconstituting the dried product.    The more dilute 

the suspension,   the fewer organisms surviving. 

The suspending medium may be the most important single factor 

in determining the survival of an organism and certainly has received 

more attention,   as indicated by the literature,   than any of the other 

variables associated with lyophilization of bacteria (Heckly,   1961). 

The various suspending medium found to give good results are serum 

and broth with glucose.    Weiser and Hennum (194 7) found serum to be 

slightly superior to skim milk for preserving E.   coli. 

Sugar has been found to give protection to freeze dried E.   coli 

and other bacteria,   alone or in combination with colloidal material 

such as bovine serum albumin (Record and Taylor,   1943; Record 

et al. ,   1962).    Fry and Greaves (1961) suggested the protective  ac- 

tion of sugars was due to its ability to trap a small amount of moisture 

which they believed necessary for survival. 

Clement (1961) studied the survival of freeze dried E.   coli 

suspended in distilled water,   7„ 5 percent glucose,   4. 5 percent 

glycerol,   skim milk and saline.    She found survival immediately 

after freeze drying varied with the drying interval and the composi- 

tion of the suspending medium.    Highest survival (70 to 100 percent) 

was observed in media containing 7. 5 percent added glucose. 

Soluble material derived from E.   coli itself has been shown to 
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protect the organisms during freeze drying (Record and Taylor, 

1953).    Sinskey et al.   (1964) working with a model system found the 

addition of dextrose to gelatin increased the survival of S.   tryphimur- 

ium,   S.  fecalis,   S.  aureus and Pseudomonas fragi on freeze drying. 

Morichi et al.   (1965) reported amino acids D and L arginine, 

DL. threonine,   L homo arginine and arginic acids had protective 

effects on bacterial cells during freeze drying. 

Although the pH of the medium is known to be important in the 

growth of microorganisms,   the importance of pH in the lyophiliza- 

tion of bacteria has scarcely been considered (Heckly,   1961).    One 

series of experiments with Pasteurella pestis   (Heckly et al. ,   1958) 

showed the initial pH of 7. 6 was significantly superior to pH 7. 0 or 

7. 2 in terms of percent survival immediately after lyophilization. 

One point not generally considered is the change of pH on cooling of 

the suspensions and the change in pH produced by removal, of CO 

under vacuum. 

Inactivation of Bacteria by Freezing and Freeze Drying 

Weiser and Ostreud (1945) studied the death of bacteria at low 

temperatures.    They found death by freezing and thawing per se and 

"storage death" to be direct functions of time and temperature.    Im- 

mediate death by freezing is marked and occurs during the brief 

storage period during which extracellular ice formation is being 
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completed.     The rate of "storage death" at higher freezing tempera- 

ture is very rapid and much greater at temperatures above -30oC 

than temperatures -30CC and below.    Repeated freezing and thawing 

is more lethal than single freezing. 

Straka and Stokes (1959) demonstrated metabolic injury to occur 

in _E.   coli and other microorganisms at low temperatures.     Cold 

injury is manifested by increase of nutritional requirements.     The 

injured cells can no longer grow on simple,   glucose-salts agar 

medium but require a rich complex substrate.    Injured cells consti- 

tute as much as 40 percent of the bacterial population. 

Wagman (I960) observed that E,   coli,  which has undergone 

viability loss by freeze drying,   released large amounts of u. v.   ab- 

sorbing materials,   including amino acids and ribonucleic acid frag- 

ments.     Extracts derived from the dried cells indicated the leakage 

was accompanied by dissociation of the 25 and 40 S ribonucleoprotein 

particles.    He concluded that the release of u. v.   light absorbing 

material was due to the increased cell permeability which resulted 

from damage to the membrance by desiccation. 

Webb (1961) reported the effects of desiccation on some meta- 

bolic systems of E.   coli.    Dehydration brought about the release of 

260 m|JL absorbing material from the cell; the amount released in- 

creased in the presence of inositol.    Dehydration reduced amino 

acid oxidation and increased decarboxylation and glucose oxidation. 
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The synthesis of adaptive p-galactosidase was found to be greatly 

inhibited by desiccation.    He suggested death was due to changes in 

the nucleoprotein and subsequent abnormality in protein synthesis 

rather than membrane damage. 

Benbough (1967) proposed two death mechanisms in air borne 

E.   coli .    At low relative humidity,   death is caused by inactivation 

of flavin linked enzyme by increased free radical activity due to 

oxygen.    Free radical suppressors as well as electron transport 

inhibitors,   such as sodium azide,   2-4 dinitrophenol and potassium 

cynide,   are   shown to protect the   B  strain of E.  coli against lethal 

effects of oxygen.    The second death mechanism in air occurs at 

higher relative humidities and is considered to be the effect of aero- 

soli zati on on RNA synthesis. 

Lion (1961) reported that freeze dried cells of IS.  coli lost 

their viability as a result of exposure to oxygen.    Following this 

exposure,   electron spin resonance signals were detected indicating 

the formation of free radicals (Lion et al. ,   1961).    Certain additives 

to the lyophilization medium protected cells against lethal effects 

of oxygen (Lion and Bergman,   1961) and also suppressed the appear- 

ance of electron spin resonance signals.    Heat sensitivity of the 

"oxygen acceptor" involved in oxygen might have acted on one or 

more enzyme systems vital for survival. 

Lion and Avidar (1963) found nicotininamide adenine dinucleotide 
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oxidase (NADH oxidase) of E.  coli inactivated when freeze dried cells 

were exposed to oxygen (air).    A similar loss in activity of the enzyme 

also occurred when a cell free extract was lyophilized and exposed to 

oxygen.    Inactivation of the enzyme was accompanied by liberation 

of a substance showing flavin like florescence.    Addition of potassium 

nitrite to the medium before lyophilization suppressed the adverse 

effect of oxygen both on vicibility of the bacteria and on the NADH- 

oxidase activity. 

A correlation between death and spontaneous free radical pro- 

duction,   measured by an increase in relative electron paramagnetic 

resonance (EPR) signal,   was shown to exist for several species of 

microorganisms stored in the freeze dried state.    The relationship 

between the free radical concentration and number of dead cells was 

not,   however,   proportional (Heckly et al. ,   1963).    Lactose added 

to Sarcina lutea reduced free radical production and increased 

stability when dry preparations were stored in air.    Death and free 

radical formation was more extensive when lyophilized Streptococcus 

lactis cultures were stored in air than in vacuum. 

Heckly (1968) postulates that DNA (Deoxyribonucleic acid) is 

involved in free radical production by lyophilized bacteria.    This 

may be one reason that viability is related to free radical concentra- 

tion in dried organisms. 
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Recovery of E.  coli from Foods 

The use of E.  coli as an indicator organism for fecal contamina- 

tion of water or food was suggested in 1892 by Schardinger.    The sug- 

gestion was based on Escherich's (1887) finding that E.  coli was al- 

most invariably isolated from human stools; therefore,   shedding of 

S.   typhimurium infected feces into water would almost always lead 

to the concomitant contamination with E.  coli.    The validity of using 

E.   coli as an indication of fecal contamination was recently reviewed 

and confirmed by Mossel (1967). 

There are only a few bacteria capable of utilizing lactose as 

a carbon source and fewer still able to produce gas from this carbo- 

hydrate.    Most of the latter are called the "coliform" bacteria.    The 

group includes all of the aerobic and facultative anaerobic,   gram 

negative,  non sporulating bacilli producing acid and gas from the 

fermentation of lactose.    The classical species of the group are 

E.   coli and A.  aerogenes. 

Fermentation of lactose by the group provides a method for 

detecting their presence in an environment.    If gas is produced, 

when a substance is inoculated into a broth containing lactose,   it is 

presumptive evidence of their presence.    E.  coli is the most signifi- 

cant member of the group since the remaining members may be found 

in natural environments other than the colon of warm blooded animals. 
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It becomes necessary,   therefore,   to separate it from the group. 

Many media have been developed for the isolation and enumera- 

tion of coliform organisms from water and sewage but only a few have 

been found useful in the examination of foods. Lactose broth (Ameri- 

can Public Health Association, 1960) is the simplest, least selective 

medium. The number of ^confirmed E. coli isolated from this medium 

is very low compared to the number of positive tubes observed 

(Lajdken et al. ,   1955). 

Compared to plain lactose broth,   Lauryl Sulfate Tryptose broth 

(Mailman and Derby,   1941) was found to be a better presumptive 

medium for food (Mundt et al.,   1954; Raj and Liston,   1961; Fannelli 

and Ayres,   1959; Wilkerson et al. ,   1961; Kelly,   1960; Shelton et al. , 

1961,  and Hajana and Perry,   1943).    The proportion of confirmed 

tubes to positive tubes is much higher with this medium.     This medi- 

um has been used by the Public Health Service for the examination 

of oysters (Kelly,   1960) and by the Food and Drug Administration 

(Shelton et al. ,   1961) for the examination of a wide spectrum of 

frozen pre-cooked foods. 

Lauryl Sulfate is,   to a certain extent,   an inhibitory agent and 

tends to suppress anaerobic lactose fermenting bacteria (Cowles, 

193 8).    Hall et al.  (1967) found Lauryl Sulfate Tryptose broth gave 

a higher percent coliform isolation from market foods when com- 

pared to Violet Red Bile agar.    Fishbein (1967) reported Lauryl 
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Sulfate Tryptose broth incubated at 44° C gave best E.   coli recovery 

from frozen foods. 

Hajana and Perry (1943) developed E.  C.   (E.  coli) medium 

which was equally efficient as Lauryl Sulfate Tryptose broth for 

isolation of coliform bacteria.    They reported this medium to give 

no false positive presumptive tests.    E.   C.   medium completely 

inhibited fecal streptococci and other gram positive bacteria with 

no apparent inhibition of coliform bacteria.    They indicated E.  C. 

medium can be used equally well for isolation of coliform bacteria 

at 3 7° C or for the isolation of E.  coli at 45. 5 " C.    It can be used 

either as a primary medium for growth of E.   coli or as a satisfac- 

tory secondary medium for confirmation of E.  coli. 

Geldrich et al.   (1962) reported excellent recovery of E.  coli 

with this medium from the feces of warm blooded animals.    When 

it was used to examine foods; however,  conflicting results were ob- 

tained.    Raj and Liston (1961) found on certain substrates,   such as 

sea foods,   the ratio of confirmed E.  coli positive tubes to uncon- 

firmed non E.  coli positive tubes to be quite low (1:3).    They singled 

out the elevated incubation temperature as the sole factor responsi- 

ble for specificity of this substrate. 

Work by Fishbein and Surkiewicz (1964) supports this point of 

view.    They demonstrated if the temperature were increased from 

44. 5 0 C to 45. 5 0 C the specificity of the medium for E.   coli is 
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increased by three fold.    They recommended the higher temperature 

be used for the examination of frozen foods and nutmeats.     They 

further recommended the use of a water bath to maintain tempera- 

ture and the incubation time limited to 24 hrs. 

Boric Acid broth of Vaughn and Levine (193 5) gave good differ- 

entiation of E.  coli from other coliforms when used for recovery 

from fecal sources (Geldrich,   1962).    Wolford and Berry (1948); 

Beisel and Troy (1949) reported good differentiation in orange juice. 

The incubation temperature is critical (Levine et al. ,   1955) and the 

productivity considered low (Clark et al. ,   1957),   therefore,   thought 

to be less desirable than E.   C.  rr^edium. 

Coliform densities in foods can also be determined by direct 

plating techniques using selective media such as Violet Red Bile and 

Desoxycholate Lactose agar.    Studies by Litsky et al.   (1957); Ross 

and Thatcher (1957); Canale-Parola and Ordal (1957); Kachilian et al. 

(1959); Fanelli and Ayres (1959); Hartman (1 960); Wilkerson et al. 

(1961) and Machala (1961) and others,   indicate Violet Red Bile agar 

may be successfully used to isolate coliform organisms from foods. 

Gunderson and Rose (1948) reported Violet Red Bile agar would 

recover no more than 60 percent of the viable coliform organisms 

from foods.    After frozen storage for nine or more days,   the percent 

recovery was as low as  12 to 25 percent.    Wilkerson et al.   (1961) 

found better recovery of E.   coli from stored poultry samples with 
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Lauryl Sulfate Tryptose broth than Violet Red Bile agar.    Hall et al. 

(1967) obtained lower recovery of coliform bacteria from market 

foods on Violet Red Bile agar than Lauryl Sulfate Tryptose broth. 

Recovery of coliform bacteria on Violet Red Bile agar differed 

with the type of food (Hartman,   I960).    In cream pies 20 percent 

confirmation was obtained while from frozen chicken,   turkey or beef 

pies  70 percent confirmation was obtained.    Fanelli and Ayres (1959) 

and Wilkerson et al.   (1961) obtained higher coliform counts with 

Violet Red Bile agar than with Lactose or Lauryl Sulfate Tryptose 

broth using the Most Probable Number (MPN) technique. 

The studies of Huber et al.   (1958); Kereluk and Gunderson 

(1959); Silverman et al.   (1961) and Nickerson et al.   (1962) indicate 

Desoxycholate agar can also be used to recover coliform organisms 

from foods.    Kereluk and Gunderson (1959) found Violet Red Bile 

and Desoxycholate agar gave comparable results.    Silverman et al. 

(1961) and Nickerson et al.   (1962) found Desoxycholate agar produced 

excellent results in examination of frozen raw and cooked shrimp and 

fish sticks. 

Levine Eosin Methylene Blue agar is recommended by the 

American Public Health Association (1966) for detection and enumer- 

ation of coliform groups as well as detection and enumeration of 

E.   coli on foods. 

Levine (1918) described how Eosin Methylene Blue agar can be 
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used to differentiate E.  coli from A." aerogenes.    The E.  coli 

colonies on this substrate are well isolated,   three to four milli- 

meter in diameter,   raised,  flat to concave and dark with greenish 

metallic sheen; A.  aerogenes colonies are usually much larger and 

found to run together.    Colonies of this bacterium are usually brown 

in color and not as dark as E.  coli. 

Mailing Olsen (1952) as cited by Thomas and Harcombe (1954) 

compared the suitability of the Eosin Methylene Blue,   Desoxycholate 

and Violet Red Bile agar for measuring coli-aerogenes bacteria con- 

tent of milk and found the number of colonies on Eosin Methylene 

Blue and Desoxycholate agar equal; but the count was lower on Violet 

Red Bile agar. 

It is evident from the above discussion that results obtained by 

various workers using different selective media do not agree and it 

is difficult to accept the superiority of one media over another. 

Direct comparison of methods is impossible due to differences in 

the foods studied,  the different conditions of the tests and especially 

the incubation temperatures.    The difference between E.  coli strains 

would also influence the recovery,   depending on their physiological 

conditions; even the same strain would respond differently to the 

same selective agent.    It is quite obvious a procedure used success- 

fully for one food might not be applicable for another.    It is also 

quite obvious that careful microbiological evaluations must be made 
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of any procedure where differential media are used for the recovery 

of E.   coli from food. 
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MATERIALS AND METHODS 

Media 

Viable cells contained in unfrozen,  frozen and freeze dried 

materials were determined on selective and non-selective,  liquid 

and solid Difco media.    The solid culture media used were Nutrient, 

Eosin Methylene Blue,   Desoxycholate and Violet Red Bile agars.    The 

liquid media used were Nutrient,   Lauryl Sulfate Tryptose,   Boric 

Acid and E.  C. broths.    Each medium was prepared and sterilized 

according to instructions given in Difco Manual (I960). 

Organisms 

E.  coli K  strain (IMViC ++--),   isolated from human fecal 

matter,  was used.    The isolate is designated as E.  coli  K strain. 

A stock culture was maintained on Nutrient agar slants in screw cap 

test tubes and transferred weekly throughout this study. 

Preparation of Cells 

To prepare cell suspensions for study inoculum from a Nutrient 

agar slant was grown in Nutrient broth.    Two serial transfers were 

made in broth at 24 hour intervals prior to inoculating 1. 0 ml of 

culture into eight flasks containing 250 ml of sterile broth.    The 
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cultures were incubated at 3 7° C,  from 1 6 to 20 hours in an incubator 

shaker (New Brunswick Psycrotherm),     with the  reciprocating mech- 

anism set at 110 strokes per minute,   one inch per stroke.     The cul- 

ture when harvested was in the stationary growth phase. 

All steps of harvesting cells were carried out at 1. 1 0C.    The 

culture was centrifuged at 8700 X G in a Sorvall SS-3 automatic 

superspeed centrifuge for ten minutes,  washed once with sterile 

distilled water and resuspended in distilled water to a volume of 

10 ml.    The turbidity of the cell suspension was adjusted so a 

1:1000 dilution gave an optical density of 0, 15 * 0. 01 at 420 mfi.    One 

centimeter cuvettes were used with Baush and Lomb Spectronic 20 

Spectrophotometer. 

Ten milliliters of cell suspension was added to one liter of 

each sterile model system being studied and mixed thoroughly. 

This procedure resulted in an initial cell concentration in the model 

8 9 
system of approximately 1X10    to 1 X 10    organisms per milliliter. 

Model Systems 

Two model systems were selected for study.    One consisting 

of one percent gelatin and the other of one percent gelatin with five 

percent glucose.     The pH of each system was adjusted to pH 5, 0,   6. 0, 

7. 0 and 8. 0,   respectively by using the appropriate buffer.    The buffer 

system for pH 5, 0 was 0, 1 M potassium hydrogen phthalate and 0. 1  M 
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sodium hydroxide; for pH 6. 0,   7. 0 and 8. 0,   0. 1 M potassium di- 

hydrogen phosphate and 0. 1 M sodium hydroxide was used. 

The model systems were prepared by placing the desired 

amount of ingredients in buffer,   adjusting the pH,   autoclaving at 

121 0C for 15 minutes and cooling to 250C. 

Freezing and Freeze Drying 

Two hundred milliliters of each inoculated model system was 

placed in 1200 ml sterile Virtis    filter seal flasks.    Each flask was 

connected to a rotating device,  and the contents of the flask frozen 

as a thin shell on the interior surface of the flask by rotating in an 

insulated dry ice and ethanol solvent bath at -70° C.    The content of 

the flasks was frozen after ten minutes of rotation.    When all five 

flasks were frozen,  four flasks were connected to a manifold freeze 

dryer.    The fifth flask was set aside and later sampled to determine 

the effect of freezing on the viability of E.  coli. 

The flasks were evacuated to 0. 1 mm Hg and dried to three to 

four percent moisture content,   requiring 24 to 30 hours.    After dry- 

ing,   the contents of the four flasks were removed and placed in sepa- 

rate polyethylene bags and tightly sealed.    This operation was done 

Virtis filter seal flask is a product of Virtis Company, Inc. , 
Gardiner, New York. The flask is made of pyrex glass with a poly 
propylene top fitted with a precision vacuum release valve. 
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aseptically under a sterile hood fitted with an ultra violet lamp. 

Determination of Viable Cells 

To determine the number of viable cells and to compare the 

recovery of E.  coli on each selective media,  a 10 ml sample of each 

model system containing E.  coli cells was taken- 

Virtis flasks containing each of the frozen undried model sys- 

tems were allowed to thaw under warm running tap water.    A 10 ml 

sample of thawed well mixed material was taken and serial dilutions 

made in distilled water.    Viable plate count and most probable num- 

ber (MPN) of E.  coli was determined. 

A 1:10 dilution was prepared by weighing ten grams of each 

freeze dried model systems aseptically,into erlenmeyer flasks under 

the hood.    Rehydration was accomplished at room temperature by 

adding 18 ml of sterile distilled water and allowed to stand for a half 

hour.    After rehydration serial dilutions were made and viable organ- 

isms determined by the methods described below. 

Recommended methods for microbiological examination of 

foods were followed (APHA 1966).    To determine viable cells on 

solid media,   one milliliter inoculum of appropriate dilution was 

placed in duplicate petri dishes and 25 ml of cooled (42-45 0 C),molten 

agar added and mixed thoroughly by rotating the petri dish.    The 

plates were incubated for 48 hours at 3 70C and plates having between 
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30 to 300 colonies were counted. 

For liquid media the most probable number of surviving cells 

was determined by the technique described by Meynell and Meynell 

(1965).    The incubation temperature for Nutrient,   Boric Acid, 

Lauryl Sulfate and E.   C.  broth were 3 7,   42. 5,   44. 0 and 45. 50C, 

respectively.    An air incubator was used for 3 70C and mineral oil 

baths for the other three temperatures,    Tubes producing gas and 

turbidity within 48 hours,  were recorded as positive for Lauryl 

Sulfate Tryptose,  E.G.,   and Boric Acid broth.    For Nutrient broth, 

tubes exhibiting turbidity were recorded as positive. 
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RESULTS AND DISCUSSION 

Effect of pH on the .Growth of E.  coli 

Growth curves of E.  coli were deternained by inoculating and 

growing active culture cells in buffered sterile Nutrient broth in 

Nephelo culture flasks.    The absorbance of the Nutrient broth after 

inoculating the culture was read at a wave length of 520 mjji in Spec- 

tronic 20 Spectrophotometer.    Growth of E.  coli at different pH 

levels in Nutrient broth is shown in Figure 1. 

The organism did not demonstrate growth in broth at pH 4. 5 

over the time of the experiment but growth was observed in buffered 

Nutrient broth at pH 5. 5,   6. 5,   7. 0 and 7. 5.    The effect of pH on 

growth is evident up to ten hours but not after ten hours.    Growth 

in buffered Nutrient broth at pH 7. 0 was very rapid compared to growth 

at pH 7. 5,   6. 5 and 5. 5.    The growth at pH of 5. 5 was slower than 

6. 5 and 7. 5 but the difference was not very marked.    The pH of 5. 0 

is probably the lower limit for growth of E.  coli   K  strain as deter- 

mined from this experiment. 

Survival of E.  coli After Freezing and 
After Freeze Drying 

The percent survival of E.  coli after freezing in one percent 

gelatin and one percent gelatin;with five percent glucose at pH 5.0, 
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Figure 1.    Growth of E.   coli in Nutrient broth at different pH levels. 
oo 
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6. 0,   7. 0 and 8. 0 is given in Table 1.    These determinations were 

made with Nutrient agar.    The percent survival in one percent gelatin 

at all four pH levels ranged from 2. 1 to 218. 0 percent; but survival 

in one percent gelatin and five percent glucose ranged from 0. 9 to 

198. 0 percent.    More than 100 percent survival was most likely 

caused by disruption of clumps of E.  coli during freezing and thaw- 

ing giving rise to a higher survival number. 

From these results it can be seen that freezing is definitely 

injurious to this bacterium.    The injury depends upon the pH and 

composition of the substrate.    In one percent gelatin at pH of 7. 0 

and 8. 0 more bacterial cells survived than at pH of 5. 0 and 6. 0. 

Glucose was not very effective in protecting E.  coli from freezing 

injury.    Clement (1961) reported the percent survival of E.  coli at 

-780C varied from 43 to 100 percent depending upon the media in 

which cells were frozen.    One hundred percent survival was observed 

when cells were frozen in blood serum and in aqueous glucose (7. 5 

percent). 

Percent survival of E.  coli after freeze drying in one percent 

gelatin at pH 5. 0,   6. 0,   7. 0 and 8. 0 ranged from 0. 0015 to 0. 475 

percent when Nutrient agar was the recovery medium (Table 1). 

Survival in the model system containing one percent gelatin and five 

percent glucose ranged from 4. 5 to 52. 0 percent at pH 6. 0,   7. 0 and 

8. 0.    The percent survival in one percent gelatin after freeze drying 



Table 1.    Percentage survival of E.  coli aiter freezing and freeze drying (Nutrient agar). 

Treatment Model system 
5.0 

pH of the model system 
6. 0 7. 0 8.0 

Freezing 
-do- 

Freeze drying 
-do- 

1% gelatin 
1% gelatin and 5% glucose 
1% gelatin 
1% gelatin and 5% glucose 

2. 1 

0. 02 

0. 75 75.0 218.0 
85.0 0.9 198.0 
0.062 0.475 0.0015 
8.0 4.5 52.0 

o 
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is very much influenced by the pH.    The highest recovery was ob- 

tained at pH 7. 0 (0.475 percent).    Recovery was very low at pH 5. 0 

(0. 02 percent) and 8. 0 (0. 0015 percent) but higher at pH 6. 0 (0. 062 

percent).    Recoveries were higher from substrates containing glucose 

as compared to substrates without glucose at pH 6. 0,   7. 0 and 8. 0. 

The maximum recovery was at pH 8. 0 (52. 0 percent). 

Record and Taylor (1953) reported that the survival of Bacter- 

ium coli (E.  coli) American strain  B was 0. 006 percent when freeze 

dried from a phosphate buffer at pH 7. 6.    They also reported that the 

percent organisms surviving freeze drying will depend upon the 

strain.    Clement (1961) observed the survival of E.  coli (strain NRC 

#482) immediately after freeze drying,  varied with the composition 

of the suspending medium and ranged from 0. 01 percent in saline 

(0. 85 percent sodium chloride) to 83 percent in skim milk and 7. 5 

percent in glucose.    The survivial in 7. 5 percent aqueous glucose 

was 74 percent indicating that glucose provides protection to E.  coli 

cells during freeze drying. 

Effect of pH on Recovery of E.  coli from One Percent 

Gelatin and One Percent Gelatin 
w ith Five Percent Glucose 

The best recovery of E.  coli from freeze dried material was 

observed in both model systems where the pH was 7. 0 (Tables 4,   8, 

10,   11,   12,   13,   14,   15 and Figures 2,   3,   4,   5,   6,   7,   8,   9,   10,   11, 



Table 2.    Effect of pH 5. 0 on the recovery of E.   coli from one percent gelatin using selective and 
non-selective media. 

Culture media Incubation 
temperature 

rc) 

Enumeration 
method 

Viable count per gram 

before after after freeze 
freezing freezing drying 

Nutrient agar 37<,C 

Eosin Methylene Blue agar 37° C 

Violet Red Bile agar 3 7° C 

Desoxycholate agar 

Nutrient broth 

3 7° C 

370C 

PC: 

PC 

PC 

PC 

6.0 X 10 

4. 7 X 10 

3.5 X 10 

2.5 X 10 

MPN '-''"•   1.3 X 10 

Boric Acid broth 42. 5 0 C 

Lauryl Sulfate Tryptose broth     44. 0oC 

E.  C.  broth 45. 5° C 

MPN 

MPN 

MPN 

3. 3 X 10 

2.3 X 10 

1.3 X 10 

1.3X10 

4. 7 X 10- 

1.0 X 10 

1.0 X 10 

7. 9 X 10" 

1. 1 X 10" 

1.3 X 10" 

1. 2 X 10 

7.0 X 10" 

4. 8 X 10 

*PC = Plate Count 
l^MPN = Most Probable Number 



Table 3.    Effect of pH 6. 0 on the recovery of E.   coli from one percent gelatin model system. 

Culture media Incubation 
tenaperature 

rc) 

Enumeration Viable count per gram 
method        before after after freeze 

freezing freezing drying 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Bad Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

370C 

370C 

370C 

42.50C 

Lauryl Sulf ate Tryptose broth     44 0 C 

E.  C.  broth 45. 50C 

.8 
PC 4. 0 X 10 3.0 X 10 2. 5 X 10 

PC 9.0 X io7 1. 5 X io5 1. 7 X 10 

PC 1.0 X io6 8. 0 X io4 5.0 X 10' 

PC 1.0 X io6 6. 3 X io5 
4.5 X 10' 

MPN 2.4 X io7 2.4 X io5 1.3 X 10 

MPN 4. 5 X io5 3.5 X io4 2. 3 X 10 

MPN - 2.4 X io4 4.5 X 10 

MPN _ 2. 4 X io4 . 

00 
OJ 



Table 4.    Effect of pH 7. 0 on the recovery of E.  coli from one percent gelatin using selective and 
non-selective media. 

Culture media Incubation 
temperature 

rc) 

Enumeration 
method 

Viable count per gram 

before after after freeze 
freezing        freezing drying 

Nutrient agar 

Eosin .Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

Lauryl Sulfate Tryptose broth     44. 0 0 C 

E.  C.  broth 

370C PC 

370C PC 

370C PC 

3 7'0C PC 

370C MPN 

42.50C MPN 

44. 0oC MPN 

45.50C MPN 

4.0 X 108 3. 0 X 108 

3.3 X 108 . 2. 2 X 10 

Q C 

1. 0 X 10 3. 0 X 10 

.8 

4. 0 * 10" 

1.7X10        2.4 X 10 

1.1X10        9.2 X 10" 

4.5 X 10        2.4 X 10" 

2.2 X 10" 

1. 9 X 10 

2.4 X 10 

6. 8 X 10" 

4. 3 X 10" 

9.2 X 10" 

3. 1 X 10" 

3.2 X 10 

3.3 X 10 



Table 5.    Effect of pH 8. 0 on the recovery ofE.  coli from one percent gelatin using selective and 
non-selective media. 

Culture media Incubation 
temperature 

rc) 

Enume ration 
method 

Viable count per gram 
before 
freezing 

after 
freezing 

after freeze 
drying 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

3 7° C 

370C 

370C 

370C 

42.50C 

Lauryl Sulfate Tryptose broth     44. 0 0 C 

E.  C.  broth 45. 5° C 

PC 7. 8X108 1.7X109 1.2 X KT 

PC 5. 2 X 108 1.3 X109 2. 0X104 

PC 3.5X108 6. 0X107 1.0 X KT 

PC 2.2 X 108 1,4 X 107 

MPN 5.4 X108 2.4X107 1.3X10" 

MPN 4.9X10 1.6X10 4.5X10' 

MPN 1.4X10 2.4X10 

MPN 1. 1 X 108 1. 6 X 107 



Table 6.    Effect of pH 5. 0 on the recovery of E.  coli from one percent gelatin and five percent glucose 
using selective and non-selective media. 

Culture media Incubation 
temperature 

rc) 

Enume ration 
method 

Viable count per gram 
before 
freezing 

after 
freezing 

after freeze 
drying 

Nutrient agar 

Eos in Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

370C 

370C 

370C 

42. 5° C 

Lauryl Sulfate Tryptose broth    44. 0° C 

E.  C. broth 45. 5° C 

PC 

PC 

PC 

PC 

MPN 

MPN 

MPN 

MPN 

7. 7 X 10 

5.5X10 

8 

8 

6.4 X 10 

1.3 X lO1 

2.4 X 10 

2.4 X 10 

'5 
2.4 X   10 

2.4 X 10' 



Table 7.    Effect of pH 6. 0 on the recovery of E.  coli from one percent gelatin and five percent 
glucose using selective and non-selective media. 

Culture media Incubation        Enumeration 
temperature method 

rc) 

Viable count per gram 
before after after freeze 
freezing        freezing drying 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Bed Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

370C 

370C 

370C 

42. 50C 

Lauryl Sulfate Ttyptose broth        44. 0 0 C 

E.  C.  broth 45.50C 

PC 2.0 X 10 1. 7 X 10' 

PC 4. 8 X 10 1.5X10' 

PC 1.3X10        3.0 X 10 
8 

PC 1.3 X 10' 3.3 X 10 

8 
MPN 2.4 X 10 2.4 X 10 

MPN 2.4 X 108 2.4 X 10 

MPN 2.4 X 10 2.4 X 10 

MPN 5.4 X 10        2.4 X 10 

8 

1.6X10 
8 

8. 0 X 10 

9. 7 X 10 

5.3 X 10 

2.4 X 10 

2.4 X 10 

2.4 X 10 

1.6X10 



Table 8.    Effect of pH 7. 0 on the recovery of E.  coli from 
glucose using selective and non-selective media. 

one percent gelatin and five percent 

Culture media Incubation 
temperature 

rc) 

Enumeration 
method 

Viable count per gram 
before 
freezing 

after 
freezing 

after freeze 
drying 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

3T,C 

370C 

370C 

42.50C 

Lauryl Sulfate Tryptose broth        44. 0 <, C 

E.   C. broth 45.50C 

PC 1.9X1011 1.7X109 8.6X109 

PC 1.9X1011 1.7X109 7.3X109 

PC 1.5 X 1011 1.1X109 1.4 X109 

PC 8.4 X1010 7.3 X108 4.9 X108 

MPN 2,4 X108 1.3 X109 2.4 X 109 

MPN 2.4 X108 2.4 X 109 1.6X109 

MPN 2.4X10 7. 9X108 3.5X10 

MPN 7. 9 X 108 1.3 X109 2.4 X108 

oo 



Table 9.    Effect of pH 8. 0 on the recovery of E.  coli from one percent gelatin and five percent 
glucose. 

Culture media Incubation _ 
-temperature 

rc) 

Enume ration 
method 

Viable count per gram 
before after after freeze 
freezing        freezing drying 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

370C 

370C 

370C 

42.50C 

Lauryl SulfateTryptose broth        44.0oC 

E.  C.  broth 45. 50C 

PC 9.0 X 108 1. 7 X KT 

PC 8.4 X 10 1.5 X 10C 

PC 9. 6 X 108 8. 2 X 10 

PC 9.5 X 108 5.9 X 10 

8 

8 

MPN 3.3 X 10        2.4 X 10 

MPN 2.3 X 10        2.4 X 10' 

MPN 2.3 X 107      2.4 X 10 

MPN 2.3 X 10        2.4 X 10 

4. 7 X 10 
8 

1.3 X 10" 

3. 8 X 10 

1.3 X 10 

4. 9 X 10' 

1.3 X 10 

7. 9 X 10" 

1.3 X 10 

4 



Table 10.    Recovery of E.  coli from unfrozen buffered one percent gelatin    using selective and 
non-selective culture media. 

Culture media Incubation     Enumer- 
temperature ation 

(0C) method 

Viable count per gram 

5.0 
pH of the model system 

6.0 7.0 8. 0 

Nutrient agar 3 70C 

Eosin Methylene Blue agar 3 7° C 

Violet Red Bile agar 3 7° C 

Desoxycholate agar 3 70C 

Nutrient broth 3 7° C 

Boric Acid broth 42.50C 

Lauryl Sulf ate Tryptose broth        44. 0 0 C 

E.  C.  broth 45. 5° C 

PC 6. 0 X 10 

PC 4. 7 X 10 

PC 3. 5 X 10 

PC 2. 5 X 10 

MPN      1.3 X 10 

MPN      3.3 X 10 

MPN      2. 3 X 10 

MPN      1.3 X 10 

8 
4. 0 X 10 

9.0 X 10 

1. 0 X 10 

1.0 X 10 

2.4 X 10 

4. 5 *   10" 

4. 0 X 10 

3. 3 X 10 

8 

8 

1.0X10 

1.7X10 
8 

1.1X10 

4.5 X 10 

7. 8 X 10 
8 

5.2 X 10 
8 

3. 5 X 10 

2. 2 X 10 

5.4 X 10 

4. 9 X 10 

1.4 X 10 

1.1X10 

8 

8 

8 

8 

8 

8 

o 



Table 11.    Recovery of E.  coli from unfrozen buffered one percent gelatin   and   five percent glucose 
using selective and non-selective culture media. 

Culture media Incubation       Enumer- Viable count per gram 
temperature      ation pH of the model system 

(0C) method 5.0 6.0 7.0 8.0 

Nutrient agar 370C PC 7.7X10 

Eosin Methylene BiUe agar 3 7° C PC 5. 2 X 10 

VioletRed Bile agar 370C PC 6.4X10 

Desoxycholate agar 370C PC 1.3X10 

Nutrient broth 370C MPN 2.4X10 

Boric Acid broth 42. 5° C MPN 2.4X10" 

c 
Lauryl Sulfate Tryptose broth 44. 0° C MPN 2. 4 X 10" 

E.  C.  broth 45. 5° C MPN 2.4XlOf 

8 

8 

2.0 X 10 

5.5 X 10 
8 

1.3 X 10' 

1.3 X 10 

2.4 X 10 
8 

2.4 X 10 
8 

2.4 X 10 

5.4 X 10 

8 

1.9X10 

1.9X10 

1. 5 X 10 

8.4 X 10 

2.4 X 10 

2.4 X 10 

2.4 X 10 

7. 9 X 10 

11 

11 

11 

10 

8 

8 

8 

8 

9.0 X 10 

8. 4 X 10 

9.6 x 10 

9. 5 X 10 

3.3 X 10 

2.3 X 10 

2.3 X 10 

2.3 X 10 

8 

8 

8 

8 



Table 12.    Recovery of E.  coli from frozen buffered one percent gelatin using selective and non- 
selective culture media. 

Culture media Incubation      Enum- 
temperature   eration 

(0C) method 

Viable count per gram 

5.0 
pH of the model system 

6. 0 7. 0 8. 0 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

2>10C 

370C 

370C 

PC 

PC 

PC 

PC 

MPN 

Lauryl Sulf ate Tryptose broth     44. 0oC       MPN 

E.  C.  broth 45.50C       MPN 

1.3X10 

4. 7 X 10- 

1.0X10' 

1. 0 X 10' 

7. 9 X 10_ 

42. 5° C       MPN 1. 1 X 10_ 

1. 3 X 10" 

3.0 X 10 

1.5 X 10" 

8. 0 X 10 

6.3 X 10" 

2.4 X 10" 

3.5 X 10" 

2.4 X 10 

2.4 X 10 

3. 0 X 10 

2. 2 X 10 

8 

8 

3. 0 X 10" 

4. 0 X 10" 

2.4 X 10 

9. 2 X 10" 

2.4 X 10" 

2. 2 X 10' 

1.7 X 10' 

1.3 X 10 

6. 0 X 10 

1.4 X 10 

2.4 X 10 

1.6X10 

2.4 X 10 

1.6X10 



Table 13.    Recovery of E.  coli from frozen buffered one percent gelatin and five percent glucose 
using selective and non-selective culture media. 

Culture media Incubation    Enumera- 
temperature     tion 

(0C) method 

Viable count per gram 
pH of the model system 

5.0 6.0 7.0 8. 0 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C PC 

370C PC 

370C PC 

370C PC 

370C MPN 

1. 7 X 10' 

42. 5° C       MPN 

Lauryl Sulfate Tryptose broth     44. 0oC       MPN 

E.  C.  broth 45. 5° C       MPN 

1.5 X 10 

3.0 X 10 

3.3 X 10 

8 

8 

2.4 X 10 

2.4 X 10 

2.4 X 10 

2.4 X 10 

1. 7 X 10 

1. 7 X 10 

1. 1 X 10 

1. 7 X 10' 

7. 3 X 10 
8 

1. 3 X 10 

2.4 X 10 

7. 9 X 10 
8 

1.5 X 10 

8. 2 X 10 

5.9 X 10 

8 

8 

1.3X10 

2.4 X 10 

2.4 X 10 

2.4 X 10 

2.4 X 10 

4>. 



Table 14.    Recovery of E.  coli from freeze dried buffered one percent gelatin using selective and 
non-selective culture media. 

Culture media Incubation   Enumera- 
temperature     tion 

(0C)        method 

Viable count per gram 

5.0 
pH of the model system 

6. 0 7. 0 8.0 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Nutrient broth 

Boric Acid broth 

370C 

370C 

370C 

370C 

PC 

PC 

PC 

42. 5° C       MPN 

Lauryl Sulf ate Tryptose broth     44. 0 0 C       MPN 

E.  C.  broth 45. 5<,C       MPN 

1.2 X 10 

7. 0 X 10" 

MPN 4. 8 X 10 

2. 5 X 10" 

1. 7 X 10" 

5.0 X 10 

1.3 X 10" 

2.3 X 10 

4.5 X 10 

3.3 X 10 

1.9X10 

2.4 X 10 

6. 8 X 10' 

9. 2 X 10' 

3. 1 X 10" 

3. 3 X 10 
4 

1.2 X 10' 

2.0 X 10 

1. 0 X 10 

1.3 X 10 

4. 5 X 10" 

*. 
*■ 



Table 15.    Recovery of E.  coli from freeze dried buffered one percent gelatin and five percent 
glucose using selective and non-selective culture media. 

Culture media Incubation   Enumer- 
temperature     ation 

(0C)        method 

Viable count per gram 

5.0 
pH of the model system 

6.0 7.0 8.0 

Nutrient agar 

Eosin Methylene Blue agar 

Violet Red Bile agar 

Desoxycholate agar 

Nutrient broth 

Boric Acid broth 

370C PC 

3 70C PC 

370C PC 

370C PC 

370e MPN 

42. 5° C       MPN 

Lauryl SulfateTryptose broth     44. 0oC       MPN 

E.G.   broth 45. 5° C       MPN 

1.6X10 
8 

8.0 X 10 

9. 7 X 10 

5.3 X 10 

2.4 X 10 

2.4 X 10 

2.4 X 10 

1.4 X 10 

8. 6 X 10 

7. 3 X 10 

1.4 X 10 

4.9 X 10 
8 

2.4 X 10 

1. 6 X 10 

3. 5 X 10 

2.4 X 10 

8 

8 

4. 6 X 10 
8 

1. 3 X 10" 

3. 8 X 10 

1.3 X 10' 

4. 9 X 10" 

1.3 X 10 

7. 9 X 10" 

1.3 X 10 
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Substrate pH 

Figure 2.    Recovery of E.  coli from one percent gelatin 
before freezing on solid media. 
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Figure 3.    Recovery of E.  coli from one percent gelatin before 
freezing using liquid media. 
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Substrate pH 

Figure 4.    Recovery of E.  coli from one percent gelatin 
immediately after freezing using solid media. 
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Figure 5.    Recovery of E.   coli from one percent gelatin 
innmediately after freezing using liquid media. 
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Figure 6.    Recovery of E.   coli from one percent gelatin 
after freeze drying using solid media. 
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Figure  7.    Recovery of E.  coli from one percent gelatin after 
freeze drying using liquid media. 
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Figure 9.    Recovery of IS.   coli from one percent gelatin 
and five percent glucose before freezing using 
liquid media. 
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Figure 10.    Recovery of E.   coli from one percent gelatin and 
five percent glucose immediately after freezing 
using solid media. 
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Figure 11.    Recovery of E.   coli from one percent gelatin and 
five percent glucose immediately after freezing 
using liquid media. 
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IE and 13).    Low recoveries were obtained from the other pH levels. 

Recovery at pH 5. 0 and 8. 0 were quite low suggesting freeze drying 

with the pH at these levels and beyond is quite lethal to E.  coli.    Re- 

covery at pH 6. 0 was lower than 7. 0 but higher than other two levels. 

The effect of pH was not so marked on cells from unfrozen or frozen 

model systems of one percent gelatin when recovery was carried out 

in liquid media.    Recovery was lowest at pH 5. 0 but increased at pH 

6. 0 and 7. 0. 

Although the pH of the medium is known to be important for the 

growth of microorganisms; the effect of pH on lyophilized bacteria 

has not been reported in literature (Heckly,   1961).    In one series 

of experiments with P.  pestis,  Heckly et al.   (1958) showed the initial 

pH of 7. 6 significantly superior to pH 7. 0 or 7. 2,   in terms of surviv- 

al,   when recovery was made immediately after lyophilization. 

Effect of Glucose on Recovery of E.  coli from 

Unfrozen,   Frozen and Freeze Dried Material 

It is evident,  from results presented in Tables 6,   7,   8,   9,   11, 

13 and 15 and   Figures 8,   9,   10,   11,   12 and 13,   glucose provided 

protection from injury during freezing and freeze drying.    Higher 

recoveries were obtained from the model system containing glucose 

than the model system without glucose.    It is also evident that 

recovery from substrates containing glucose was almost equal on 
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Figure  12.    Recovery of E.   coli from one percent gelatin and 
five percent glucose after freeze drying using 
solid media. 
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Figure 13.     Recovery of E.   coli from one percent gelatin and 
five percent glucose after freeze drying using 
liquid media. 
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selective media and non-selective media (both solid and liquid). 

Thus,  disparity between selective and non-selective media is de- 

creased with the inhibitory effect almost overcome. 

When bacteria are frozen or dried the composition of suspend- 

ing medium is one of the more important factors which determine 

survival.    Heckly (1961) has extensively studied this phenomenon. 

Sugars were found to give protection to freeze dried cells of E.  coli 

and other bacteria,  when used alone or in combination with collidal 

material such as bovine serum albumin (Record and Taylor,   1953; 

Record et al. ,   1962).    Clement (1961) obtained the highest survival 

(70 to 100 percent) of E.  coli after freeze drying in media containing 

7.5 percent added glucose.     Fry    and Greaves (1961) suggested 

the protective action of sugars is due to the ability to trap the small 

amounts of moisture they believed necessary for survival. 

Recovery on Selective and Non-Selective Media 

Highest recovery from both model systems was obtained on 

Nutrient agar.   Eosin Methylene Blue agar gave next best recovery 

(Tables 10,   11,   12,   13,   14,   15 and Figures 2,   4,   6,   8,   10 and 12). 

Recovery on Violet Red Bile and Desoxycholate agar was lowest 

suggesting these media to be inhibitory to some degree to unfrozen 

E.  coli cells with their inhibition becoming more evident when cells 

are frozen and freeze dried.    Higher recovery with Nutrient agar is 
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obtained because it is a very rich medium containing all the amino 

acids needed for repair of the injured cells and besides no inhibitory 

substances such as salt and bile salts are present in it.    Freezing, 

freeze drying and both low and high pH are all injurious to the cell. 

Eosin Methylene Blue agar is a buffered medium containing 

lactose.    Lactose fermenters growing on this substrate reduce the 

pH in the immediate environment surrounding the colony precipitating 

Eosin and Methylene Blue dye.    Colonies of E.   coli appear purple 

with a metallic green sheen on this substrate (Meynell and Meynell, 

1965).    Since there is no inhibitor present in Eosin Methylene Blue 

agar,   higher recoveries were obtained than from selective media 

such as Violet Red Bile agar and Desoxycholate agar.    In Violet Red 

Bile and Desoxycholate agar the selective substances are bile salts, 

which inhibit most microorganisms but permit the bile resistant 

enteric bacteria to grow.    Due to the presence of bile salts one can 

expect low recoveries on these media as compared to Nutrient agar. 

Violet Red Bile and Desoxycholate agar also contain sodium chloride 

which is quite inhibitory to many freeze dried cells (Clement,   1961 

and Sinskey et al.,   1964).    Low recoveries on selective solid media 

may also be explained on the basis of metabolic injury.    Straka and 

Stokes (1959) demonstrated that metabolic injury occurs to E.   coli 

and other organisms at low temperatures.    Cold injury is manifested 

by an increase in nutritional requirements.    The injured cells can no 
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longer grow on simple agar containing glucose and salts but require 

a rich,   complex medium.    Injured cells may constitute as much as 

40 percent of the bacterial population after freezing. 

Mailing Olsen (1952) as cited by Thomas and Har combe (1954) 

compared the suitability of Eosin Methylene Blue,   Desoxycholate and 

Violet Red Bile agar for measuring the coli-aerogenes bacteria con- 

tent in milk.    They found the number of colonies on Eosin Methylene 

Blue and Desoxycholate agar to be equal while lower on Violet Red 

Bile agar.    Gunderson and Rose (1948) reported Violet Red Bile agar 

to recover no more than 60 percent of the viable coliform organisms 

from foods and after frozen storage for nine days or more,   the per- 

cent recovery was as low as 12 to 25 percent.    Recovery of coliform 

bacteria on Violet Red Bile agar will differ with the type of food 

(Hartman,   1960).    "With cream pies 20 percent confirmation was 

obtained while from frozen chicken,   turkey or beef pies,   70 percent 

confirmation was obtained.    Kereluke and Gunderson (1959) found 

Violet Red Bile and Desoxycholate agar gave comparable results. 

Silverman et al.   (1961) and Ni^kerson et al.   (1962) found Desoxychol- 

ate lactose agar produced excellent results in examination of frozen 

raw shrimp,   cooked shrimp and fish sticks. 

Recovery ofE.  coli on Nutrient broth was maximum while re- 

covery was lowest in E.  C.  broth (Tables 10,   11,   12,   13 and 14; 

Figures 3,   5,   7,   9,   11 and 13).    There was not much difference 
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observed between recovery of E.  coli on Boric Acid and Lauryl 

Sulfate Tryptose broth from unfrozen,  frozen and freeze dried mater- 

ial.    The recovery of E.  coli from the model system containing glu- 

cose was equal to Nutrient broth,   again indicating protection provided 

by glucose.    Nutrient broth is rich and the temperature of incubation 

is lower (370C) than the incubation temperature of Boric Acid (42.3° 

C),   Lauryl Sulfate Tryptose broth (44.0oC) and E.   C.  broth (45.50C). 

The inhibitory materials in Lauryl Sulfate Tryptose broth are 

sodium chloride,   temperature of incubation and Lauryl Sulfate,   a 

surface active agent.     Boric Acid and temperature are the inhibitory 

agents of Boric Acid broth.    The inhibitors of E.   C.   media are sodi- 

um chloride,   bile salts and temperature of incubation.    Low recover- 

ies can be expected on these substrates with normal cells,   the level 

depending upon the physiological stage of growth.    The inhibitory 

effect increases in the case of injured cells. 

Lauryl Sulfate is,  to certain extent,  an inhibitory agent and 

serves to suppress anaerobic lactose fermenting bacteria (Cowles, 

1938).    Hall et al.   (1967) and Wilkerson et al,  (1961) found Lauryl 

Sulfate Tryptose broth to give a higher percent coliform isolation 

from market foods when compared to Violet Red Bile agar.    Boric 

Acid medium has been found to give good differentiation of E.  coli 

from other coliforms in orange juice (Wolford and Berry,   1948; and 

Beisel and Troy,   1949).    Geldrich (1962) found Boric Acid broth 
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gave a 95. 3 percent correlation with coliform bacteria from fecal 

sources. 

Raj and Liston (1961) reported the incubation temperature used 

with E.   C.   medium as the sole factor responsible for the specificity 

of the medium.    They found in a study of frozen sea foods,   only 33. 0 

percent of the E.   C.  positive tubes were confirmed as E.   coli. 

Geldrich et al.   (1962) reported E.   C.  medium showed a 96.3 per- 

cent positive correlation with coliforms from fecal sources when an 

incubation temperature of 44. 5 ± 0. 25 was used.    Fishbein and 

Surkiewicz (1964) found E.  C.  broth at 4.50C was more specific 

for E.  coli since two to three fold fewer positive tubes were pro- 

duced at this temperature than at 44. 50C. 

E.  coli is one of the several bacteria that ferments lactose to 

form acid and gas; hence,   all selective media used for differentia- 

tion of E.   coli contain lactose.    This bacterium is able to ferment 

lactose by production of P-galactosidase,   an inducible enzyme. 

Webb (1961) has reported that the synthesis of (3-galactosidase 

was found to be greatly inhibited by desiccation; however,   the inhibi- 

tion could be prevented by inositol.    If desiccation does inhibit synthe- 

sis of P-galactosidase the same effect is brought about by freeze 

drying.    On this basis one can expect recovery of E.  coli from 

freeze dried material using selective media containing lactose as 

the sole carbohydrate present to be less than in a media containing 
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other fermentable materials.    Glucose like inositol,   may provide 

protection to P-galactosidase during freeze drying; hence,  higher 

recovery of E.  coli is obtained in the freeze dried model system 

containing glucose. 
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SUMMARY AND CONCLUSIONS 

Recovery of E.  coli from freeze dried model systems of one 

percent gelatin and one percent gelatin with five percent glucose on 

selective and non-selective media was determined.    The results and 

conclusions may be summarized as follows: 

1. Tiie percent survival of E.  cbli after freezing,   in one percent 

gelatin at pH 5. 0,   6. 0,   7. 0,   8. 0,   ranged from 2.1 to Z18. 0 

percent; the percent survival in one percent gelatin with five 

percent glucose ranged from 0. 9 to 198. 0 percent.    Freezing 

has been found to be injurious to E.  coli depending upon the pH 

and the composition of the substrate. 

2. Best recovery of E.   coli from freeze dried material was ob- 

served in both model systems where the pH was  7. 0.   Recoveries 

at pH 5. 0 and 8. 0 were quite low.    The percent survival of 

E.  coli after freeze drying,   in one percent gelatin at pH 5.0, 

6. 0,   7. 0 and 8. 0,   ranged from 0. 0015 percent to 0. 475 per- 

cent when Nutrient agar was the recovery medium.    Survival 

in the model system containing one percent gelatin and five 

percent glucose,   ranged from 4. 5 to 52. 0 percent. 

3. Glucose provided protection to E.   coli from injury during 

freeze drying.    Recovery from substrates containing glucose 

were almost equal on liquid and solid,   selective and 
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non-selective media. 

4. Highest recovery from both model systems was obtained on 

Nutrient agar; Eosin Methylene Blue agar gave next best 

recovery.    Recovery on Violet Red Bile and Desoxycholate 

agar was lowest. 

5. Recovery of E.  coli on Nutrient broth was maximum; but recov- 

ery was lowest with E.   C.  broth.    There was little difference 

between recovery of E.  coli on Boric Acid and Lauryl Sulfate 

Tryptose broth from unfrozen,  frozen and freeze dried mater- 

ial.    Recoveries from liquid media as determined by most 

probable number technique,   were lower than the direct plate 

count technique with solid media. 

6. The pH of 5. 0 is probably the lower limit of pH for the growth 

of E.  coli  K  strain. 
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