
THERMAL INJURY OF YERSINIA ENTEROCOLITICA

Item Type text; Dissertation-Reproduction (electronic)

Authors Restaino, Lawrence

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 24/05/2023 20:26:25

Link to Item http://hdl.handle.net/10150/282282

http://hdl.handle.net/10150/282282


INFORMATION TO USERS 

This was produced from a copy of a document sent to us for microfilming. While the 
most advanced technological means to photograph and reproduce this document 
have been used, the quality is heavily dependent upon the quality of the material 
submitted. 

The following explanation of techniques is provided to help you understand 
markings or notations which may appear on this reproduction. 

1. The sign or "target" for pages apparently lacking from the document 
photographed is "Missing Page(s)". If it was possible to obtain the missing 
page(s) or section, they are spliced into the film along with adjacent pages. 
This may have necessitated cutting through an image and duplicating 
adjacent pages to assure you of complete continuity. 

2. When an image on the film is obliterated with a round black mark it is an 
indication that the film inspector noticed either blurred copy because of 
movement during exposure, or duplicate copy. Unless we meant to delete 
copyrighted materials that should not have been filmed, you will find a 
good image of the page in the adjacent frame. 

3. When a map, drawing or chart, etc., is part of the material being photo
graphed the photographer has followed a definite method in "sectioning" 
the material. It is customary to begin filming at the upper left hand corner 
of a large sheet and to continue from left to right in equal sections with 
small overlaps. If necessary, sectioning is continued again—beginning 
below the first row and continuing on until complete. 

4. For any illustrations that cannot be reproduced satisfactorily by 
xerography, photographic prints can be purchased at additional cost and 
tipped into your xerographic copy. Requests can be made to our 
Dissertations Customer Services Department. 

5. Some pages in any document may have indistinct print. In all cases we 
have filmed the best available copy. 

Universify 
Microfilms 

Internationai 
300 N. ZEEB ROAD, ANN ARBOR, Ml 48106 
18 BEDFORD ROW, LONDON WCIR 4EJ. ENGLAND 



8017809 

RESTAINO, LAWRENCE 

THERMAL INJURY OF YERSINIA ENTEROCOLITICA 

The University of Arizona PH.D. 1980 

University 
Microfilms 

International 300 N. Zeeb Road, Ann Arbor, MI 48106 18 Bedford Row, London WCIR 4EJ. England 



THERMAL INJURY OF 

YERSINIA ENTEROCOLITICA 

by 

Lawrence Restaino 

A Dissertation Submitted to the Faculty of the 

DEPARTMENT OF MICROBIOLOGY AND MEDICAL TECHNOLOGY 

In Partial Fulfillment of the Requirements 
For the Degree of 

DOCTOR OF PHILOSOPHY 
WITH A MJOR IN MICROBIOLOGY 

In the Graduate College 

THE UNIVERSITY OF ARIZONA 

1 9  8  0  



THE UNIVERSITY OF ARIZONA 
GRADUATE COLLEGE 

As members of the Final Examination Committee, we certify that we have read 

the dissertation prepared by Lawrence Re.st.aino 

entitled Thermal Injury of Yersinia Enterocolitica 

and recommend that it be accepted as fulfilling the dissertation requirement 

for the Degree of Doctor of Philosophy . 

4 - H.- GO 
Date 

Cx. to 
^ Date 

f • o"- /JIĵ  
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ABSTRACT 

Procedures were developed to evaluate thermal injury 

to three strains of Yersinia enterocolitica (serotype 0:3, 

0:8 and 0:17), Serotype 0:17 (atypical strain) was more 

sensitive to bile salts (BS) #3 and to sublethal heat treat

ment than the typical strains, 0:3 and 0:8. When the 0:3, 

0:8 and 0:17 serotypes were thermally stressed in 0.1 M PO^ 

buffer, pH=7.0, at 47C for 70, 60 and 12 min, respectively, 

greater than 99% of the total viable cell population was 

injured. Injury was determined by the ability of cells to 

form colonies on Brain heart infusion (BHI) agar, but not on 

Trypticase soy agar (TSA) plus 0.6% BS #3 for serotypes 0:3 

and 0:8 and TSA plus 0.16% BS #3 for 0:17. Heat injury of 

serotype 0:17 cells for 15 min in 0.1 M PO^ buffer caused 

an approximate 1000-fold reduction in cell numbers on 

selective media as compared to cells heated in PI, BHI broth 

and 10% nonfat dry milk (NFDM). The extended lag and resus

citation period in BHI broth was 2.5 times greater for 0:17 

cells injured in 0.1 M PO^ than for cells injured in BHI or 

PI menstruums. The rate and extent of repair of Y. 

enterocolitica 0:17 cells in three recovery media were 

directly related to the heating menstruum used for injury. 

vii 
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The use of metabolic inhibitors demonstrated that ribo

nucleic acid (RNA) synthesis was required for repair, where

as deoxyribonucleic (DNA), cell wall and protein synthesis 

were not necessary for recovery of 0:17 cells injured in 

0.1 M PO^ buffer, BHI or PI menstruums. Inhibition of 

respiration by 2,4-dinitrophenol slowed repair only for 

0:17 cells injured in 0.1 M PO^ buffer, not cells 

injured in PI or BHI menstruums. 



INTRODUCTION 

The genus Yersinia includes three species, Yersinia 

enterocolitica, Yersinia pseudotuberculosis and Yersinia 

pestis (1) . Y. pestis and Y. pseudotuberculosis are well 

known pathogens, whereas Y. enterocolitica has not been 

especially considered pathogenic. However, the frequency 

of Y. enterocolitica isolation from human and nonhuman 

sources has increased sharply during the last decade. In 

1939, Schleifstein and Coleman (2) isolated and character

ized a microorganism pathogenic to man and labeled it 

Bacterium enterocoliticum. In studies conducted over the 

next 25 years, this microorganism was designated Pasteurella 

pseudotuberculosis type b, Pasteurella X and Germe X by 

various European and United States investigators (3). 

Finally, in 1964, Frederiksen (4) proposed the taxonomic 

entity Yersinia enterocolitica. 

Sources of Isolation 

Only 25 cases of human Y. enterocolitica infections 

were recorded worldwide up to 1966 (5). However, by 1970 

more than 1000 cases of human yersiniosis had been recorded 

in the files of the Pasteur Institute (3). Although human 

infections with Y. enterocolitica have been observed in many 

1 
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countries, most of the cases have been reported in Europe 

(6, 7), United States (8-10), Canada (11-13) and Japan (14, 

15), Various Y. enterocolitica serotypes have been isolated 

from the feces, cecal contents and mesenteric lymph nodes of 

swine (16-19). A limited number of Y. enterocolitica iso

lates have been obtained from many other specieis of animals 

including chinchilla, hares, beavers, cats, dogs, house rats, 

racoons, snails, oysters and frogs (7, 13, 18, 20, 21). Al

though Y. enterocolitica is widespread throughout the animal 

world, swine appear to be the predominant animal harboring 

Y. enterocolitica serotypes isolated from infected humans. 

Y. enterocolitica and Y. enterocolitica-like orga

nisms (atypical strains) have been isolated from a wide 

variety of foods, as well as environmental sources. In an 

extensive European survey, Leistner et al (22) identified Y. 

enterocolitica in chicken meat, pork and beef. Strains have 

been isolated from vacuum-packaged beef, lamb and dark firm 

meat (pH>6.5) held under refrigeration (23-25), raw and 

pasteurized milk (26, 27) cheese (28), mussels, ice cream, 

bananas, fish, ham and sausage (29). They have also been 

isolated from pond and well water (30), streams, lakes (31) 

and drinking water (32). 



Only one foodborne (33) outbreak caused by Y. 

enterocolitica has been documented, although food sources 

were implicated in other outbreaks (15, 34, 35). In 1976, 

an illness occurred among school children in Oneida County, 

Nevf York (33) . Chocolate milk was determined to be the 

common vector of transmission in this outbreak. Serotype 

0:8 was isolated from an unopened carton of the milk and 

from the hospitalized children. Thirty-three children were 

hospitalized for suspected appendicitis and 13 appendec

tomies were performed. 

In 1975, an outbreak of gastroenteritis occurred in 

two Montreal elementary schools (34). Raw milk which was 

consumed contained Y. enterocolitica 0:6,30. However, 

serotype 0:5,27 was isolated from the ill children. No 

particular food was incriminated, but the evidence strongly 

pointed toward a foodborne infection. 

In 1972, epidemics of Y. enterocolitica infections 

occurred among children in two separate primary schools in 

Japan (15, 35). In one outbreak (15) approximately 1100 

children displayed signs of yersiniosis of which the preva

lent symptom was abdominal pain. Though no vector was 

identified, a food or waterborne means of transmission was 

probable. In the other outbreak (35), 198 Japanese junior 



4 

high school pupils displayed acute abdominal pains for at 

least 8 days. The predominant serotypes isolated from the 

children was 0:8, but the infection route and source were 

not determined. 

Isolation Procedures 

The enrichment methods for isolation of Y. entero-

colitica from foods (17, 19, 27, 36) evolved primarily from 

methods used in clinical laboratories (37, 38). Primary 

isolation procedures employ cold enrichment (27, 56, 38, 39, 

40) at 4C for 14-28 days. The enrichment medium used widely 

for isolation of Y. enterocolitica from foods has been 

phosphate buffered saline at neutral pH. However, inclu

sion of 1% sorbitol and 0,15% bile salts increased sensi

tivity 10-fold (36). The cold enrichment has not been 

evaluated for its recoverability of injured Y. enterocolitica 

cells, however. Various enteric plating media used for the 

isolation of Salmonella and Shigella have been used for the 

isolation of Y. enterocolitica from foods and clinical 

specimens. MacConkey agar has been shown to be superior 

to bismuth sulfite. Salmonella-Shigella, Hektoen enteric 

and eosin methylene blue agars for the isolation of Y, 

enterocolitica inoculated at various concentrations in 

foods (36). 
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Recently, several plating media have been developed 

for the isolation and enumeration of Y. enterocolitica, in

cluding MacConkey agar modified with 1% Tween 80, deoxyribo-

nuclease agar with 1% sorbitol and Tween 80 (40) and 

cellobiose-arginine-lysine agar (42). Hoivever, MacConkey 

and Salmonella-Shigella agars adjusted to pH 7.4 have 

gradually gained acceptance and are recommended by various 

authors (36, 40) . 

Injury 

After sublethal physical or chemical treatment, a 

surviving bacterial population consists of injured and 

uninjured cells (43) . Many treatments employed in food 

processing such as heat, freezing and thawing, freeze-

drying, moisture reduction (dehydration), irradiation, 

sanitizers, preservatives, acidulants and combinations of 

treatments may induce sublethal damage to cells or spores 

(44). In addition, the production of bacterial end products 

such as organic acids in foods may cause sensitive bacterial 

cells to become stressed or injured. Therefore, unprocessed, 

as well as processed, food products have the potential of 

harboring sublethally damaged microorganisms. Also, injured 

food poisoning microorganisms are capable of resuscitation 

and continued pathogenicity (4 5), creating a potential 

hazard in foods given sublethal treatment. 
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Many cellular and molecular modifications may occur 

in injured cells. Special treatments and/or conditions are, 

therefore, required to return the cells to their normal 

state C44) . The extent of sublethal damage and the mecha

nism of injury varies and may be related to the stress 

condition. Various manifestations of damage have been re

ported, including the loss of cellular membrane integrity 

(46, 47), ribosomal degradation (47-51), cell wall damage 

(52, S3), DNA damage (54), reduction in activity of certain 

enzymes (55) and increased sensitivity to selective agents 

(46, 50, 52, 56, 57) such as bile salts, lauryl sulfate, 

sodium chloride, bismuth, polymyxin and brilliant green. 

More than one damaged site may occur in a bacterial cell 

for a particular type of sublethal treatment. By heating 

Staphylococcus aureus in 0.1 M PO^ at sublethal temperatures, 

landolo and Ordal (46) demonstrated ribosomal degradation 

with a subsequent loss of low molecular weight nucleic acid 

compounds through a weakened cell membrane. More recently, 

Hurst and Hughes (58) showed that aureus lost 40% of its 

cellular magnesium, as well as RNA, when heated in PO^ 

buffer. However, since magnesium is required for the 

integrity of ribosomes and serves to inhibit ribonuclease 

(59), a deficiency of this element in a bacterial cell, 

rather than sublethal heat treatment, may cause the ribosomal 
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degradation. Therefore, sublethally induced damage to 

vegetative bacteria may consist of complex interrelation

ships . 

The ability to enumerate stressed bacterial cells 

in a food product is extremely important. Until proven 

otherwise, it is essential to assume that injured patho

genic bacteria in foods are as effective in causing human 

disease as their unstressed counterparts (60). Sensitivity 

to selective agents incorporated into isolation media 

appears to be a major characteristic of injured bacteria 

(44, 61). Since they cannot repair in the selective 

environment (43), they fail to multiply, and consequently 

remain undetected in the selective media. Therefore, 

selective media may not be suitable for enumeration of 

microorganisms in processed foods, Clark and Ordal (62) 

showed that thermally injured Salmonella typhimurium cells 

displayed sensitivity to eosin methylene blue agar while 

94% of uninjured cells were enumerated on this medium. 

Damage to the cytoplasmic membrane or cell envelope, caus

ing increased permeability, could be one interpretation of 

greater sensitivity of injured cells to selective agents 

(44). 

Many investigators (43, 44, 52-54, 56, 57, 60) have 

emphasized the importance of repairing or resuscitating 

injured bacterial cells before the cells are exposed to 
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selective compounds. Each isolation method that begins 

with the direct addition of a food homogenate to a selec

tive medium should be suspect, unless specific provisions 

have been made for the resuscitation of stressed micro

organisms (60). Sublethally stressed microorganisms con

tain altered growth characteristics which include an 

extended lag phase, special nutritional requirements and 

sensitivity to secondary stress [61) . Resuscitation of 

the injured bacterial cells occurs during this extended 

lag phase (46, 48, 51, 53). However, the time required 

for resuscitation of injured microorganisms depends on the 

nature of the sublethal treatment, the microbial species, 

the selective media used for enumeration and the chemical 

composition and incubation conditions of the restoration 

media (43) . Injured cells are able to repair and multiply 

in a nonselective medium (44, 53, 63). Recently, however, 

results indicate that injured microorganisms may repair 

sublethal damage more readily in simple, less nutritious 

media (minimal media) than in complex media (64, 65). 

There were three primary purposes in these studies: 

1) evaluation of media and conditions for thermal injury of 

Y. enterocolitica, 2) comparison of various recovery media 

and conditions of repair and 3) analysis of the mechanisms 

involved in thermal injury and recovery of Y. enterocolitica 

through the use of a variety of metabolic inhibitors. 



MATERIALS AND METHODS 

Bacterial Strains 

The three Y. enterocolitica strains used in this 

investigation were serotype 0:8 (ATCC 27739), isolated from 

stream water in the United States; 0:3 (obtained from H. H. 

Mollaret, Pasteur Institute, Paris, France), a human isolate 

from Europe; and 0:17 (atypical strain from Edward J. 

Bottone, Mt. Sinai Hospital, New York, New York), a clini

cal isolate from the United States. Stock cultures were 

maintained on Difco Brain heart infusion (BHI) slants and 

stored at 4C. 

Media and Diluent 

BHI (Difco) broth was prepared according to manu

facturer's specifications. BBL Trypticase soy agar (TSA) 

plus Difco bile salts (BS) #3 and BHI agar were used as 

assay media for the enumeration of injured cells. BHI agar 

and TSA were rehydrated with distilled water and autoclaved 

for 20 min at 121C. After heating, media were cooled to 

50C in a thermostatically controlled Benco/Grant water bath. 

BS #3 powder was dissolved in distilled water at a 10% (w/v) 

concentration on the day of use. The stock solution was 

sterilized by filtration through a 0.45 nm membrane Nalgene 

9 



filter apparatus. Stock solutions were stored no longer 

than 1 wk at 4C. Volumes of BS #3 stock solution and pre

determined volumes of TSA vsrere mixed aseptically to obtain 

a BS concentration of 0.16 or 0.6%. The media were poured 

into sterile Petri plates and allowed to dry at room tempera 

ture for 24-48 h before use. 

Pork infusion (PI) broth was prepared with a slight 

modification of the procedure used by Andersen (66) . Frozen 

special lean pork loins were thawed overnight at IOC. Ex

cess fat was trimmed and the loins were ground through a 

1/4 in. plate. The ground pork was added to 9 liters of 

distilled water (500 g/1) and steamed to a. slow boil in a 

Groen covered steam jacket kettle for 1 h with intermittent 

stirring. After boiling, the contents were strained through 

a stainless steel colander to remove large chunks of meat. 

The filtrate was refrigerated at 4C for 24 h and the top 

fat layer was removed with a stainless steel spatula. The 

infusion was heated to liquify the gel and strained through 

4 layers of cheesecloth to remove small meat fragments. The 

infusion was then filtered twice through Hercules clarifying 

filter sheets (DeLaval Separator Company, Chicago, Illinois) 

The final filtrate was slightly turbid. The PI was steri

lized by autoclaving for 15 min at 121C. The final pH was 

6.5 with a water activity of 0.98 as measured by a Sina 
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Scope (manufactured in Zurich, Switzerland). Excess PI was 

stored at -34C in 2 liter polypropylene containers until 

use. 

A 10% nonfat dry milk (NFDM) solution was formulated 

by reconstituting spray dried milk solids (Land-O-Lakes, 

Minneapolis, Minnesota). The 10% NFDM solution was thorough

ly mixed and autoclaved at 121C for 7 min with a final pK of 

6.6. Slight browning was observed. 

A chemically defined glucose salts medium (GSM) was 

used for recovery of injured cells. It contained MgS04-7H20, 

O.lSg; K2HPO4-3H2O, A.Og; KH2PO4, 2.0g; (NH4)2 SO4, l.Og; 

Na Citrate - 2H2O, O.lg; and glucose, 4.0g in 1 liter 

distilled water., A 10% glucose solution was autoclaved 

separately at 121C for 15 min and added aseptically to the 

sterile basal salts medium at the desired concentration. 

The pH of the GSM was 7.0. The diluent used in all experi

ments was 0.1% peptone water. 

Cultural and Harvesting Conditions 

Cells from a BHI agar slant were transferred asep

tically to 10 ml of BHI broth and incubated at 25C for 24 h. 

A 0.5 ml volume was inoculated into 125 ml BHI broth in a 

250 ml Erlenmeyer flask and incubated under static conditions 

at 2SC for 18-24 h. This procedure yielded a bacterial cul-

ture of approximately 10 cells/ml which corresponded to a 



.96 to 1.10 absorbancy reading on a Bausch and Lomb Spec-

tronic-20 colorimeter (1.91 cm a tube) at 420 nm. Duplicate 

10 ml samples of the culture were centrifuged in the cold 

(4-8C) at 4340 x g for 10 min using a Sorvall RC2-B 

refrigerated centrifuge. The supernatant liquid was 

discarded, the pellet was resuspended in 10 ml of the heat

ing menstruum and centrifuged as described above. The 

washed pellet was resuspended in 5 ml of the heating 

menstruum and the duplicate cell suspensions were mixed 

and stirred in a Vortex mixer. 

Thermal Stress 

Cells were subjected to thermal stress by using the 

shaker flask method. Five milliliter volumes of the washed 

cell suspension were inoculated into two 250 ml Erlenmeyer 

flasks, each containing 95 ml of the corresponding heating 

8 
menstruum to give 10 cells/ml. The heating menstruums 

were BHI broth, PI, 0.1 M PO^ buffer, pH=7.0 and 10% NFDM. 

One set of cultures (47C + 0.2C) were heated in a Precision 

Scientific (Chicago, Illinois) water bath equipped with a 

shaker (120 r/min) to provide uniform temperature and cell 

suspension. A second set of cultures were chilled in an 

ice bath and manually shaken once every 2-3 min. Prelimi

nary experiments showed that the times that the rate of 

injury leveled off for 47C heat injury were 12, 60 and 70 



13 

min for serotypes 0:17, 0:8 and 0:3, respectively. At the 

termination of the heating period, the cells were either 

centrifuged or directly added to the recovery media. 

Recovery Procedures 

After the desired heating time, 2 ml volumes of the 

heated suspension were added directly to 98 ml of BHI broth 

tempered at 25C, to give 10^ viable cells/ml. When meta

bolic inhibitors were used, 1 ml of the sterile antimicro

bial stock solution was added to 97 ml of BHI broth in a 

250 ml Erlenmeyer flask just prior to the addition of the 

heated suspension. One milliliter volumes of sterile sol

vent solution without the metabolic inhibitor were added 

to 97 ml of BHI broth which served as the control. 

In experiments comparing the recovery curves of 

injured cells in BHI broth, GSM and sterile distilled water, 

10 ml from the heated suspension were immediately added to 

a sterile centrifuge to be immersed in an ice bath. The 

centrifuge tube was swirled to rapidly cool the cell sus

pension. The contents were centrifuged 5 min at 12,100 x g 

using a refrigerated Sorvall RC2-B centrifuge. The pellet 

was resuspended in 10 ml of chilled sterile distilled water, 

and 2 ml volumes were immediately added to 98 ml of BHI 

broth, GSM and sterile distilled water tempered at 25C, to 



give 10^ viable cells/ml. All recovery media were incu

bated at 25C under static conditions in a thermostatically 

controlled Sherer air incubator. 

Enumeration Procedure 

The spread plate counting.technique was used to 

determine the amounts of thermal injury and recovery. A 

1 ml volume was removed from the heating menstruums or 

recovery media at various intervals and serially diluted 

in 0.1^6 peptone water blanks. One tenth milliliter samples 

were spread plated in triplicate onto BHI agar and TSA con

taining 0.6 and 0.16% BS #3. The plate cultures were incu

bated at 25C for 48 h. Only plates containing 30-300 

colonies were counted. Preliminary experiments showed that 

TSA plus 0.6% BS #3 proved best for enumerating uninjured 

cells for serotypes 0:3 and 0:8, whereas only 0.16% BS #3 

in TSA was needed to enumerate serotype 0:17 uninjured cells. 

Since no significant difference between BHI agar and TSA 

plates was calculated for the recovery of total viable 

bacterial population, BHI agar plates were used to estimate 

the total number of viable cells. The number of injured 

cells equaled the counts in BHI agar plates minus the counts 

on TSA plus 0.6 or 0.16% BS #3 plates. The number of unin

jured cells equaled the bacterial counts on the TSA plus 

BS #3 plates. 



Inhibitors 

Minimum inhibitory concentrations (MIC) of 5 meta

bolic (Sigma Chemical Company, St. Louis, Missouri) 

inhibitors against Y. enterocolotica 0:17 were determined 

in BHI broth using the tube dilution technique (67). In

hibitors included chloramphenicol (crystalline), penicillin G 

(potassium salt, 1 unit=0.62 g) , rifampicin (crystalline), 

nalidixic acid (powder) and 2,4-dinitrophenol (grade II, 

90-95% pure, contains 15-20% water). Stock solutions of all 

of the above except rifampicin, nalidixic acid and 2,4-

dinitrophenol were prepared in distilled water. Rifampicin 

(4.8 mg) was dissolved in 1 ml of dimethyl sulfoxide (DMSO; 

spectrophotometric grade, Eastman Kodak, Rochester, New York), 

and the solution was diluted to 6.7% DMSO with 14 ml of 

distilled water. A 2,4-dinitrophenol solution was prepared 

by dissolving 23.2 mg of this compound in 0.1 ml of absolute 

ethanol, diluting to 0.67% ethanol with 14.9 ml of distilled 

water and heating at 90C in a water bath for 10 min. 

Nalidixic acid (9.6 mg) was dissolved in 0.2 ml of 5 N NAOH 

and diluted to 0.07 N NAOH with 14.8 ml of distilled water. 

The concentrations of each metabolic inhibitor stock solu

tion were 320 yg/ml for chloramphenicol and rifampicin, and 

640, 5120 and 1546 yg/ml for nalidixic acid, penicillin G 

and 2,4-dinitrophenol, respectively. These solutions were 



filter sterilized through a 0.45 nin membrane filter, dis

pensed into tubes wrapped in alurainim foil and stored at 4C 

for 2 days prior to use. One milliliter volumes of serial 

twofold dilutions in distilled water of each solution were 

added to duplicate 8 ml 1.1 x strength BHI broth. A 1 ml 

volume (10^ viable'cells) of a diluted Y. enterocolitica 

serotype 0:17 culture (prepared as described above) was 

pipetted into the BHI broth containing the metabolic in

hibitors. Appropriate duplicate controls were prepared 

for each metabolic inhibitor. The tubes were incubated 

at 25C for 24 h. The MIC was defined as the lowest anti

microbial concentration in which no visible bacterial 

growth was observed. 

For experiments involving the effect of metabolic 

inhibitors on recovery, inhibitors were used at the MIC 

for Y. enterocolitica serotype 0:17 as determined in this 

investigation. The stock solutions (100 fold concentra

tion) and controls of each metabolic inhibitor were prepared 

as described above and stored at 4C for 1 day before use. 

Heat-stressed cell suspensions (2 ml) were pipetted into 

98 ml of BHI broth with and without the metabolic inhibitor 

as described in the recovery procedures section. Serial 

dilutions of the recovery medium prevented interference of 

the metabolic inhibitors with growth of Y. enterocolitica 

0:17 cells on the various assay media. 
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Statistj.cal Analysis 

Data from all injury and recovery experiments were 

analyzed statistically by different methods. Data from the 

injury experiments involving serotypes 0:8 and 0:3, all 

recovery curves and the injury of Y. enterocolltica 0:17 

cells in various heating menstruums were analyzed statis

tically by transforming the numbers to log^Q bacterial 

counts/ml and taking the geometric means of triplicate 

samples. For injury data of serotype 0:17 cells heated 

in various menstruums, the mean log^^^ bacterial count/ml 

enumerated on BHI agar at time 0 was arbitrarily assigned 

0.00 to obtain a single starting point. Subsequent mean 

log^Q counts/ml recovered on BHI agar and TSA plus 0.16% 

BS #3 were subtracted from the actual mean log^g on 

the initial BHI agar. Numbers of nonviable cells were 

calculated by subtracting the initial mean log^^Q bacterial 

count on BHI from the mean logj^Q bacterial counts on BHI 

agar at designated times during heating. 

Data from the studies comparing the recovery of heat 

stressed and unstressed Y. enterocolitica cells on BHI agar, 

TSA and TSA with BS #3 incubated for 48 and 96 h were ana

lyzed statistically by the percent recovery Student's 

t-test, and the one-way analysis of variance using Dunnett's 

test (68) for multiple comparison with control on the UNIVAC 



Computer Model 1108. Programs were provided by Ms. Patt 

Atcheson, Armour Research Center, who ran all programs. 



RESULTS 

Enumeration of Unstressed and 
Heat Stressed Y. Enterocolitica Cells 

Several solid plating media and selective agents 

were evaluated for their ability to enumerate normal and 

heat stressed Y. enterocolitica cells. Various concentra

tions of the following selective agents NaCl, BS #3 and 

sodium deoxycholate (Difco) were incorporated into BHI agar, 

TSA, TSA plus 0.5% yeast extract, xylose lysine agar base 

(Difco) with 1% peptone (69) and MacConkey agar (Difco). 

Of the selective media tested, TSA plus BS #3 proved best 

for estimating stressed Y. enterocolitica 0:17, 0:8 and 0:3 

cells when heated at 47C in 0.1 M PO^ buffer, pH 7.0. For 

example, when samples of heated cell suspensions are plated 

on a non-selective medium, BHI agar and TSA plus BS #3, the 

difference in counts between the former and the latter yields 

an estimate of the number of heat injured cells. 

When chilled (4C) and heated (47C) cell suspensions 

of Y. enterocolitica 0:17, 0:3 and 0:8 were plated on two 

non-selective media, i.e., BHI agar and TSA as well as the 

selective medium, TSA plus BS #3, marked differences in 

viable counts were observed (Table 1). Counts on BHI agar 

plates that were incubated for 48 h arbitrarily represented 

19 
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Table 1. Comparison o£ various media for the recovery of 
normal and thermally injured Y. enterocolitica 
serotypes 0:17, 0:8, 0:5^ 

SEROTYPE 
PLATING 
MEDIAb 

% OF INITIAL BHI COUNT 

SEROTYPE 
PLATING 
MEDIAb 

CHILLED 
48 h 96 h 

HEATED 
48 h 96 h 

O
 

W
 

1 

BHI agar 

TSA 

TSA + 0.6% BS #3 

100.0^ 101.1 

100.0 101.6 

99.5 100.0 

100.0^ 102.3 

97.1 98.5 

0.2^ 0.3 

o
 

oo
 

BHI agar 

TSA 

TSA + 0.6% BS #3 

100.0 100.0 

98.4 100.3 

89.3 89.8 

100.0 100.0 

84.4 85.9 

.05 .05 

0:17 

BHI agar 

TSA 

TSA + 0.16% BS #3 

100.0 100.0 

94.5 95.9 

94.5 97.3 

100.0 100.9 

107.5 107.7 

0.1 0.2 

^Cells were thermally injured by heating in 0.1 M phos
phate buffer, pH=7.0, at 47C for 60 (serotype 0:8), 70 
(serotype 0:3) and 12 min (serotype 0:17). 

^Plating media were incubated at 25C for 48 and 96 h. 
Data were based on average of three experiments with 
triplicate plates being used in each experiment. The 
inoculum contained approximately 10^ cells. 

Dunnett's test for multiple comparison with a control was 
used to calculate the comparison between BHI agar plate 
counts incubated for 48 h and TSA plate counts incubated 
for 48 and 96 h, and TSA plus BS #3 counts incubated for 
48 and 96 h for heated and normal cells. The number of 
chilled and heated cells recovered on BHI agar plates 
after 48 h of incubation was considered a 100% recovery. 



Table 1. Comparison of various media for the recovery of 
normal and thermally injured Y. enterocolitica 
serotypes 0:17, 0:8, 0:3^ (Continued) 

Student's t test was used to calculate the significant 
differences between the enumeration of heated cells on 
TSA plus BS #3 plates incubated for 48 and 96 h. 

BHI, Brain heart infusion; TSA, Trypticase soy agar; 
BS, Bile Salts, 



a 100-d recovery of heated or chilled Y. enterocolitica 

cells. There were no significant (P>0.05) differences in 

counts with time or plating media for chilled (normal) Y. 

enterocolitica 0:17, 0:8 and 0:3 cells (Table 1). In con

trast, although there were no significant (P>0.05) differ

ences between the recovery of cells on BHI and TSA plates, 

colony counts were significantly reduced on TSA plus BS #3 

plates. Since colonies were larger and, therefore, more 

easily counted, BHI agar was selected for subsequent enumera 

tion of heat injured Y. enterocolitica. 

Thermal Injury 

Thermal injury curves for Y. enterocolitica serotype 

0:3 and 0:8 heated at 47C in 0.1 M PO^ buffer, pH 7.0, are 

presented in Figure 1. Although a small percentage of death 

was evident, the total viable counts on BHI agar remained 

fairly constant during the heating time of 100 min. During 

the first 60 min of heating, the rate of injury was rapid 

for serotypes 0:3 and 0:8 cells. During subsequent heating, 

rate of injury decreased. The extent of injury to serotype 

0:3 cells was less than that of 0:8 cells. In addition, at 

the end of the 100 min heating at 47C in 0.1 M PO^ buffer, 

2.50 and 3.60 log number bacteria/ml of the total viable 

g 
cell population (approximately 10 cells/ml) for serotypes 

0:3 and 0:8, respectively, failed to recover as evidenced by 

inability to grow on TSA plus 0.6^ BS #3 plates (Figure 1). 
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Figure 1. Thermal survival curves of Y. enterocolitica serotypes 0.3 
and 0:8 cells heated in PO4 buffer menstruum. -- Cells were 
heated in 0,1 M PO4 buffer, pll = 7.0, at 47C. Controls uti
lized the chilled PO4 menstruum. agar and TSA + 0.6^ 
BS 113; t>BHl agar; ^ISA + 0.6?i BS #3 
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Thermal injury curves for Y. enterocolitica sero

type 0:17 cells heated at 47C in different menstruums are 

illustrated in Figure 2. Y. enterocolitica serotype 0:17 

cells displayed an initially rapid inability to grow on the 

selective medium similar to serotypes 0:3 and 0:8 cells 

(Figure 1). However, this rapid rate of injury for serotype 

0:17 cells occurred within only 8-10 min of heating in the 

different menstruums investigated. During the 16 min heat

ing period in the four menstruums, the total viable sero

type 0:17 count on BHI agar plates remained fairly constant, 

although some death was evident. 

The rate and extent of injury for Y. enterocolitica 

0:17 cells varied depending on the type of heating menstruum 

employed (Figure 2). The fastest rate and greatest extent 

of injury for 0:17 cells heated at 47C occurred in 0.1 M PO^ 

buffer, pH 7.0. In this menstruum, at the end of 16 min of 

heating, 3.30 log number bacteria/ml of a total viable cell 

7 population (approximately 10 cells/ml) was injured or 

failed to grow on TSA plus 0.16^ BS #3 plates. When serotype 

0:17 cells were heated at 47C in PI, BHI broth or 10% NFDM 

menstruums, the rates of injury during the initial 8 min of 

heating were similar, but considerably less when heated in 

0.1 M PO^ buffer. Furthermore, after the 16 min heating 

period, only 1.51, 1.04 and 1.07 log number bacteria/ml of 
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Figure 2, Thermal injury curves of Y. enterocolitica serotypes 0:17 cells 
heated in various menstruums. -- Cells were heated in 0.1 M PO4 
buffer, pH=7.0, PI, BKI broth and 10% NFDM at 47C. Controls 
utilized the chilled menstruums. ^TSA + 0.16% BS #3; ^igHI agar; 
^BHI agar and TSA + 0.16% BS #3 NJ 
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the total viable 0:17 cell population (approximately 10^ 

cells/ml) were injured when heated in PI, BHI broth and 10% 

NFDM menstruums, respectively (Figure 2). Since heating at 

47C of serotype 0:17 cells in BHI or 10% NFDM menstruums 

displayed similar injury curves, further investigations 

using 10% NFDM were eliminated. 

Recovery and Growth in BHI Broth 
of Heat Injured Serotype 0:17 CeTTs 

During resuscitation from thermal stress, a frequent 

manifestation is an extended lag phase (44, 46, 51, 61). 

This increased lag and the resuscitation of heat injured 

Y. enterocolitica serotype 0:17 cells heated in 0.1 M PO^ 

buffer, pH 7.0, BHI broth, and PI menstruums are presented 

in Figure 3. Resuscitation was characterized by the ability 

of injured 0:17 cells to recover their tolerance to the TSA 

plus 0.16% BS #3 medium. After heating for 12 min in the 

three heating menstruums, 0:17 cells were directly added 

to BHI broth incubated at 25C in which resuscitation occurred 

immediately. The length of the extended lag phase and the 

slope of the resuscitation curves of heat injured 0:17 cells 

were dependent on the heating menstruums employed. When 

serotype 0:17 cells were heat injured at 47C in 0.1 M PO^ 

buffer for 12 min, and subsequently inoculated into BHI 

broth, the length of the extended lag phase and resuscitation 

curve for injured cells was 5 h (Figure 3A). In contrast. 
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gure 3. Recovery and growth of injured Y. enterocolitica (serotype 0:17) 
cells heated in the three menstruums. -- Cells were heated in 
0.1 M PO4 buffer, pll=7.0, BHI broth and PI for 12 min at 47C. 
Controls utilized cells chilled for 12 min in the three menstruums. 
After heating and chilling, 2 ml volumes were added to 98 ml of 
BHI broth which was incubated at 25C. a-BHI agar; bjSA + 0.16% 
BS #3 
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when 0:17 cells were heat injured in BHI or PI menstruums, 

the extended lag phase and resuscitation curves for injured 
I 

cells occurred for only 2 h (Figure 3B and 3C). Moreover, 

resuscitation was incomplete, i.e., counts on BHI agar plates 

were greater than counts on TSA plus BS #3 plates. Cells 

chilled in the three menstruums displayed a lag phase in 

BHI broth of <1 h. Further, both the absence of an increase 

in BHI agar counts during the extended lag phase or recovery 

periods and the shape of the resuscitation curves indicated 

that recovery was not due to cell growth. When completely 

recovered, the heat injured 0:17 cells commenced to grow at 

the same rate as unheated cells and reached the same total 

viable population in BHI broth incubated at 25C. 

Recovery of Heat Injured 0:17 Cells 
in GSM, BHI Broth and WateF 

The rate and extent of resuscitation of 47C heat 

injured Y. enterocolitica 0:17 cells incubated in the re

covery media (BHI broth, GSM and water) at 25C were directly 

related to the type of heating menstruum (Figure 4). At 

various time intervals, 1 ml samples were removed from each 

recovery medium and plated on BHI agar and TSA plus 0.16% 

BS #3. Increased counts on TSA plus BS #3 indicated resus

citation. Control chilled cells were analyzed in the same 

manner. Viable counts for chilled cells suspended in 

sterile distilled water remained constant irrespective of 



Figure 4, Recovery of heat injured y ,  ehterocolitica 
serotype 0;17 cells in GSM, BH.1 broth and 
water. -- Cells were heated in 0.1 M PO4 
buffer, pH=7.0, BHI broth and PI for 12 min 
at 47C. Controls utilized cells chilled 
for 12 min in the three menstruums. After 
heating and chilling, 10 ml volumes were 
centrifuged and the pellet was resuspended 
in sterile water. Two mililiters of washed 
cells were added to 98 ml of BHI broth, GSM 
and sterile distilled water. ^BHI agar; 

, bTSA + 0.16% BS #3 
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Figure 4. Recovery of heat injured Y. enterocolitica 
serotype 0:17 cells in GSPT, 3HI broth and 
water. 
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the plating medium, whereas cells incubated in BHI broth 

and GSM initiated multiplication after 30 min and 1 h, 

respectively (Figure 4A). Resuscitation of heat injured 

0:17 cells in PO^ buffer increased rapidly at similar rates 

in GSM and BHI broth for 2 h, and then remained constant 

(Figure 4B). After 2 h, approximately 1.00 log number 

bacteria/ml resuscitated in BHI broth, but only 0.75 log 

number bacteria/ml resuscitated in GSI'4. Furthermore, in

jured cells suspended in water did not resuscitate. Indeed, 

progressive death (reduction in BHI agar counts) and injury 

(decrease in TSA plus 0.16% #3 counts) occurred. 

Resuscitation occurred in GSM, BHI broth and dis

tilled water for cells heat stressed in BHI. for 12 min 

(Figure 4C). Injured cells suspended in GSM exhibited the 

fastest rate of resuscitation. After 1 and 2.5 h, rates 

of resuscitation of injured cells suspended in water and 

BHI broth, respectively, decreased. In summary, after Z.5 h 

of incubation, 1.43, 1.20 and 0.89 log number bacteria/ml of 

0:17 cells injured in the BHI heating menstruum resuscitated 

when suspended in GSM, BHI broth and distilled water, re

spectively. 

Rapid resuscitation of serotype 0:17 cells heated 

in PI for 12 min at 47C occurred when incubated in GSM and 

distilled water (Figure 4D). After 1 h, 1.21 and 1.08 log 

number bacteria/ml of the injured cells were resuscitated 
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in GSM and distilled water, respectively. With a further 

incubation time, no increase in the rate of resuscitation 

of injured cells occurred. Resuscitation, on the other 

hand, occurred at a slower and linear rate when BHI broth 

was utilized as the recovery medium. After 3.5 h, the 

number of cells injured in the PI menstruum that were resus

citated in GSM and BHI broth was the same (approximately 

1.40 log number bacteria/ml), whereas only 1.17 log number 

bacteria/ml of the injured cells resuscitated in distilled 

water. 

MIC and Effects of Metabolic Inhibitors 
Recovery of 0:17 Cells 

MIC values of 1, 2 and 8 yg/ml for nalidixic acid, 

chloramphenicol and rifampicin, respectively, were obtained 

for Y. enterocolitica 0:17 when incubated at 25C in BHI 

broth (Table 2). However, these cells were more resistant 

to the action of penicillin G and 2,4-dinitrophenol as indi

cated by MIC values of 128 and 155 yg/ml, respectively. 

Metabolic inhibitors at corresponding MIC values were added 

to the BHI recovery medium to elucidate some of the bio-

synthetic processes involved during resuscitation of injured 

Y. enterocolitica 0:17 cells. When cells injured in 0.1 M 

PO^ buffer, BHI broth and PI were incubated in BHI recovery 

medium with or without the antibiotics choramphenicol, 

lanidixic acid or penicillin G, rates of resuscitation were 
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Table 2. Antimicrobial susceptibility of Y. enterocolitica 
serotype 0:17 to five compounds^ 

ANTIMICROBIAL 
AGENTS 

MINIMUM INHIBITORY 
CONCENTRATION (yg/ml) 

Chloramphenicol 2 

Rifampicin 8 

Nalidixic acid 1 

Penicillin G 128 

2,4-Dinitrophenol 155 

3. 
Tube dilution technique using Brain heart infusion 
broth was employed. Inoculum contain approximately 
10^ cells. Tubes were incubated at 25C for 24 h. 

^Minimum inhibitory concentration represented the 
tube with the least antimicrobial concentration 
which did not contain visible microbial growth. 



similar (Figure 5, 6 and 7). Although rates of resuscita

tion were similar, nalidixic acid caused death to 0:17 cells 

thermally injured in BHI broth and PI (Figure 6). Results 

with penicillin G were similar with the exception o£ cells 

heated in PO^ buffer. The lethal effects of these anti

biotics on injured Y. enterocolitica 0:17 cells occurred 

after resuscitation. For this reason, their effects on 

resuscitation of heat injured cells were investigated. 

Since chloramphenicol, nalidixic acid and penicillin G 

specifically inhibit bacterial protein synthesis (70) , DNA 

synthesis (71) and cell wall synthesis (72), respectively, 

it is evident that these biosynthetic processes were not 

required for resuscitation of heat injured 0:17 cells. 

Rate and extent of resuscitation of 0:17 cells heated in 

0.1 M PO^ buffer and BHI broth, and recovered in the pres

ence of 8 yg/ml of rifampicin were adversely affected 

(Figure 8A and SB). Cells heated 12 min in phosphate buffer 

and recovered 3 h in BHI broth showed resuscitation counts 

of 0.67 and 0.29 log number bacteria/ml in the absence and 

presence of rifampicin, respectively (Figure SB). In con

trast, rifampicin completely inhibited the resuscitation of 

the injured cells heated in the PI menstruum (Figure 8C). 

Since this antibiotic is a potent inhibitor of bacterial 

RNA synthesis by binding irreversibly to the DNA-dependent 
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Figure 5. Effect of chloramphenicol on the recovery of heat 
injured Y. enterocolitica serotype 0:17 cells. --
Cells were heated in 0.1 f-'I PO4 buffer, pH=7.0, BHI 
broth and PI for 12 min at 47 C. After heating, 
injured cells were recovered at 25C in BHI broth 
and BHI broth containing 2 yg of chloramphenicol 
per ml. 
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Effect of nalidixic acid on the recovery of heat 
injured Y. enterocolitica serotype 0:17 cells. --
Cells were heated in 0.1 M PO4 tjuffer, pH=7.0, 
BKI broth and PI for 12 min at 47C. After heat
ing, injured cells were recovered at 25C in BHI 
broth and BHI broth containing 1 yg of nalidixic 
acid per ml. 
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Figure 7. Effect of penicillin G on the recovery of heat 
injured Y. enterocolitica serotype 0:17 cells. • 
Cells were heated in 0.1 M PO4 buffer, pH=7,0, 
BHI broth and PI for 12 min at 47C. After heat
ing, injured cells were recovered at 25C in BHI 
broth and BHI broth containing 128 yg of peni
cillin G per ml. 
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Effect of rifampicin on the recovery of heat in
jured Y. enterocolitica serotype 0:17 cells. --
Cells were heated in 0.1 M PO4 buffer, pH=7.0, 
BHI broth and PI for 12 min at 47C. After heat
ing, injured cells were recovered at 25C in BHI 
broth and BHI broth containing 8 yg of rifampicin 
per ml. 
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RNA polymerase (73), Y. enterocolitica serotype 0:17 cells 

injured in the three heating menstruuras required partici

pation o£ RNA synthesis for their resuscitation in BHI 

broth. 

The recovery curves in the presence of 2,4-dinitro-

phenol (155 yg/ml), an inhibitor of ATP synthesis via oxi

dative phosphorylation in the electron transport system 

(74), are presented in Figure 9. When Y. enterocolitica 

serotype 0:17 cells were heat injured in BHI or PI men-

struums, the rate and extent of resuscitation in BHI broth 

were the same in the presence or absence of 2,4-dinitrophenol 

(Figure 9B and 9C). However, for cells injured in PO^ 

buffer, 2,4-dinitrophenol reduced the rate of repair 

(Figure 9A) . After 1 h, 0.63 and 0.43 log number bacteria/ml 

of PO^ injured cells resuscitated in the absence and presence 

of 2,4-dinitrophenol, respectively. With a further incuba

tion (2-3 h) the amount of resuscitation for these injured 

cells in the presence or absence of this metabolic inhibitor 

was equivalent. Therefore, cells injured in PO^ required 

energy via oxidative phosphorylation to repair at a maximum 

rate during the initial 1.5 h after incubation in BHI, 

whereas the energy from this source was not necessary to 

resuscitate at a normal rate for cells injured in BHI or 

PI menstruums. 
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Figure 9. Effect of 2,4-dinitrophenol on the recovery of 
heat injured Y. enterocolitica serotype 0:17 
cells. -- Cells were heated in 0.1 M PO4 buffer, 
pH=7.0, BHI broth and PI for 12 min at 47C, 
After heating, injured cells were recovered at 
2 5C in BKI broth and BHI broth containing 
155 yg of 2,4-dinitrophenol per ml. 



DISCUSSION 

Atypical strain, serotype 0:17, was more sensitive 

to BS #3 and to the sublethal heat treatment o£ 47C in a 

PO^ menstruum than the clinical strains, serotypes 0:3 and 

0:8. Environmental (atypical) strains o£ Y. enterocolitica 

are more sensitive than the clinical (typical) isolates to 

environmental stresses such as heating (75), NaCl, pH (76) 

and certain selective compounds (3, 9) commonly employed in 

isolation plating media for enteric microorganisms. The 

results of this investigation confirm these observations. 

Hanna et al. (77) demonstrated that artificially 

contaminated frozen meat gave counts on bismuth sulfite 

plates that were consistently lower than counts on TSA 

plates. This implies that cells were sublethally injured 

during freezing. In our study, serotype 0:17 cells were 

stressed at 47C in only 12 min. Therefore, subjecting a 

food product to mild heat treatment or freezing causes Y. 

enterocolitica cells to become stressed. Thus, enrichment 

procedures must be implemented in order to detect the injured 

cells. 

The times required for thermally injured microorga

nisms to resuscitate in a recovery medium are mainly calcu

lated from data obtained when cells were stressed in PO^ 

40 



buffer (46, 49-51, 56, 58, 61, 62, 65). Since PO^ can 

chelate magnesium (R. S. Flowers, personal communication) 

resulting in the loss of cellular magnesium from the sub-

lethally heated cells, this type of heating menstruum could 

create an artificial situation in which the mechanisms 

and/or extent of sublethal heat injury may be different 

than in a food menstruum. In this investigation, the' length 

of the extended lag phase and resuscitation period of heat 

injured Y. enterocolitica serotype 0:17 cells were depen

dent on the menstruums employed. When these cells were 

heat injured at 47C in 0.1 M PO^ buffer for 12 min, and 

subsequently inoculated in BHI broth tempered at 25C, the 

recovery period for the heat injured cells was 5 h, whereas 

cells heat injured in BHI or PI menstruums had a 2 h re

covery period. M<^Coy and Ordal (4 7) demonstrated that 

Pseudomonas fluorescens cells grown, stressed and recovered 

in complex medium had a greater resistance to heat and 

required a longer time to resuscitate than in a minimal 

medium system (48). Therefore, the times required for 

resuscitation of injured microbial cells in a recovery 

medium may be longer when heated in PO^ versus a particular 

food environment. In other words, this extended recovery 

period of heat injured cells in PO^ may be longer than that 

required for recovery of cells injured in a food system. 
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Since stressed pathogenic bacteria in foods may cause human 

disease similar to their unstressed counterparts C60) , 

techniques to resuscitate them are extremely important. 

If the injured pathogenic microorganism that is being iso

lated is in low numbers in a particular food product, and 

if the incubation period is extended beyond the time needed 

for resuscitation, multiplication of non-pathogenic micro

organisms could occur and suppress the pathogen, thus 

causing a decrease in the efficiency of isolation. Since 

Y. enterocolitica can grow at refrigerated temperatures (29), 

a cold enrichment procedure has been recommended for the 

isolation of this microorganism. However, this procedure 

has not been fully evaluated for recovery of injured Y. 

enterocolitica cells. Therefore, incubating the Y. entero

colitica in primary isolation media at 25C for 2-3 h prior 

to the incubation at 4C could produce an environment favor

able for resuscitation and subsequent recovery of injured 

Y. enterocolitica cells. Thus, the efficiency of isolation 

would be increased. 

When Y. enterocolitica 0:17 cells were sublethally 

heated in complex media (BHI broth or PI), the rate of 

recovery was faster in GSM than in a nutritionally complex 

medium such as BHI broth at 25C. These results suggest 

that increased metabolic activity during recovery in a 



complex medium may retard the rate of resuscitation. In

creased metabolic activity during resuscitation in nutri

tionally complex medium could result in an accumulation of 

^2^2 destruction of catalase by heat (78 , 79). 

Y. enterocolitica 0:17 cells injured in PI or BHI broth 

recovered in distilled water, whereas cells injured in 

0.1 M PO^ failed to recover, but rather sustained and 

died progressively after 1 h (Figure 4). These results 

provide further evidence that sublethal heating in PO^ 

buffer may cause different and/or more extensive destruc

tion in thermal injured cells than in a complex medium. 

Since recent studies indicate that organisms resuscitate 

sublethal damage more readily in a simple minimal medium 

than in complex medium (56) (Figure 4), testing individual 

and mixed components of the GSM may provide the minimal 

requirements for resuscitation of Y. enterocolitica cells 

heated in PO^ buffer versus a complex medium. 

Several sites of damage have been reported in 

thermally stressed microorganisms (46-51, 54, 80, 81). 

Other manifestations of sublethal heat injury are altera

tions in nutritional requirements (8 2) and the dependence 

of ATP synthesis by oxidative phosphorylation (51) . Data 

of others (46-49, 54, 81) concerning the sites of cellular 

damage in thermally stressed microbial cells were derived 

from cells heated in PO^ buffer. However, biosynthetic 
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activities in one strain damaged under certain environmental 

conditions may be unique (83) . In this investigation, the 

participation of RNA synthesis was necessary for normal 

resuscitation of injured Y. enterocolitica 0:17 cells, but 

the extent of this participation was dependent on the men

struum in which the cells were heated. When cells were 

heated in PO^ buffer or BHI broth, partial resuscitation 

of the injured cells occurred in the presence of rifampicin 

(RNA synthesis inhibitor) indicating that part of the in

jured cell population did not require RNA synthesis for 

recovery. However, RNA synthesis was required for the 

resuscitation of all the injured Y. enterocolitica 0:17 

cells heated in the PI menstruum (Figure 8C). These data 

further suggest that even in complex heating menstruums, 

different sites of cellular damage and/or the extent of 

damage at a particular cellular site could be different due 

to the physio-chemical composition of the menstruums. 

Therefore, since foods and food products vary widely in 

their chemical composition, the mechanism of thermal injury 

for a particular microorganism could be influenced by the 

food. 

Inhibition of respiration by 2,4-dinitrophenol did 

not inhibit the recovery of Y. enterocolitica 0:17 cells 

heat injured in PI or BKI broth. However, for cells 



thermally injured in 0.1 M PO^ buffer, this metabolic 

inhibitor slowed the rate, but not the extent of resusci

tation, The recovery medium (BHI broth) used in this 

investigation contains glucose as a carbon and energy 

source. Since oxidative phosphorylation was blocked, 

sufficient ATP production could occur through substrate 

level phosphorylation to aid in the normal rate of recovery 

for Y. enterocolitica cells heated in BHI broth or PI, but 

not for cells heated in PO^ buffer. These observations are 

in contrast to data which has shown that 2,4-dinitrophenol 

was ineffective against Vibrio parahaemolyticus (81) and 

S. aureus (46) heat stressed in 0.1 M PO^ buffer and re

covered in complex media containing glucose. Although 

lesions in the cellular membrane occur in injured P. 

fluorescens heated in a complex medium (S. E. Martin, 

personal communication), lesions induced by heating in a 

PO^ buffer could be more massive and frequent due to the 

leaching of cellular magnesium into the menstruum (84). 

This would cause a depletion from the cell of this element 

which is needed for the stabilization of cellular membranes 

(59). Consequently, it could be possible that larger 

quantities of ATP molecules were able to leak from Y. 

enterocolitica 0:17 cells heated in PO^ buffer which could 

cause greater reduction in cellular ATP levels in these 



injured cells than in cells injured in BHI broth or PI. 

Alternatively, ATPase activity may have been greater in 

Y. enterocolitica 0:17 cells heat injured in PO^ buffer 

than in cells injured in BHI broth or PI. Therefore, the 

production of ATP solely by substrate level phosphorylation 

which generates ATP molecules at a slower rate than oxida

tive phosphorylation (85) could be the rate-limiting factor 

during the early resuscitation of injured Y. enterocolitica 

0:17 cells heated in PO^ buffer. 



REFERENCES 

1. Mollarett, H. H. and E. Thai, 1974. Yersinia, 
In Bergey's Manual of Determinative Bacteriology, 
8th ed., Williams and Wilkins, Baltimore, Maryland, 
330. 

2. Schleifstein, J. and M. B. Coleman. 1939. An un
identified microorganism resembling B. liquieri 
and Pasteurella pseudotuberculosis, and pathogenic 
for man. N. Y. State J. Med. ̂ :1749-1753. 

3. Bottone, Edward J. 1977. Yersinia enterocolitica: 
a panoramic view of a charismatic microorganism. CRC 
Critical Reviews in Microbiology ^:211-241. 

4. Frederiksen, W. 1964. A study of some Yersinia 
pseudotuberculosis-like bacteria ("Bacterium entero-
coliticum" and Pasteurella X"), ProcT 14th Scand. 
Congr. Pathol, and Microbiol., Oslo, Universiteitsfor-
laget Trykningssentral, Oslo, 103-104. 

5. Mollaret, H. H. 1972. Yersinia enterocolitica 
infection: a new problem in pathology. Ann. Biol. 
Clin. ̂ :l-6. 

6. Szita, J. and A. Svidro. 1976. A five-year survey 
of human Yersinia enterocolitica infections in Hungary. 
Acta Microbiol. Acad. Sci. Hung. 23:191-203. 

7. Nilehn, B. 1969, Studies on Yersinia enterocolitica 
with special reference to bacterial diagnosis and 
occurrence in human acute enteric disease. Acta 
Pathol. Microbiol, Scand. (Suppl,), 206:1-48, 

8, Bissett, M. L. 1976. Yersinia enterocolitica isolates 
from humans in California, 1968-1975. J. Clin, Micro
biol, 4:137-144, 

9, Bottone, E, J., B, Chester, M. S, Malowany and J. 
Allerhand. 1974. Unusual Yersenia enterocolitica 
isolates not associated with mesenteric lymphadenitis. 
Appl. Microbiol. 27:858-861. 

47 



48 

10. Weaver, R. E, and J. G. Jordan. 1973. Recent human 
isolates of Yersinia enterocolitica in the United 
States. In Contributions to Microbiology and Immu
nology, Yersinia, Pasteurella and Francisella. 
Karger, Basel ̂ :120-125. 

11. Caprioli, T., A, J. Drapeau and S. Kasatiya. 1978. 
Yersinia enterocolitica: serotypes and biotypes 
isolated from humans and the environment in Quebec, 
Canada. J. Clin. Microbiol. ̂ :7-ll. 

12. Toma, S. 1973. Survey on the incidence of Yersinia 
enterocolitica in the province of Ontario, Canada. 
J. Public Health M:477-487. 

13. Toma, S. and Lucetta Lafleur. 1974. Survey on the 
incidence of Yersinia enterocolitica infection in 
Canada. Appl. Microbiol. 28:469-473. 

14. Zen-Yoji, Hiroshi and Tsutomu Maruyama. 197 2. The 
first successful isolates and identification of 
Yersinia enterocolitica from human cases in Japan. 
Jap. J. Microbiol. 16r493-500. 

15. Asakawa, Y., S. Akahane, N. Kagata, M. Noguchi, R. 
Sakayaki and K. Tamura. 1973. Two community outbreaks 
of human infection with Yersinia enterocolitica. 
J. Hyg. Camb. 71:715-723. 

16. Zen-Yoji, Hiroshi, Senzo Sakai, Tsutomu Maruyama and 
Yoshitoki Yanagawa. 1974. Isolation of Yersinia 
enterocolitica and Yersinia pseudotuberculosis from 
swine, cattle and rats at an abattoir. Jap. J. 
Microbiol, 18:103-105. 

17. Toma, S. and Velma R. Deidrick. 1975. Isolation of 
Yersinia enterocolitica from a swine. J. Clin. 
Microbiol. ^:478-481. 

18. Pedersen, Knud B0rge. 1976. Isolation of Yersinia 
enterocolitica from Danish swine and dogs. Acta Path. 
Microbiol. Scand. 84 : 317-318. 

19. Tsubokura, Misao, Koichi Otsuki and Keizaburo Itagaki. 
1973. Studies on Yersinia enterocolitica 1. Isola
tion of Y. enterocolitica from swine. Jap. J. Vet. 
Sci. 35:419-424. 



49 

20. Tsubokura, Misao, Terutoshi Fukuda, Koichi Otsuki, 
Micheo Kubota and Keizaburo Itagaki. 1975. Isolation 
of Yersinia enterocolitica from some animals and 
meats. Jap. J. Vet. Sci. 57:213-215. 

21. Kaneko, Ken-Ichi, Sukekazu Hamada, Umi Kasai and 
Eiichi Kato. 1978. Occurrence of Yersinia entero-
colitica in house rats. Appl. Environ. Microbiol. 
^:314-318 . 

22. Leistner, L., H. Hechelmann, M. Kaskewazaki and R. 
Albertz. 1975. Nachweis von Yersinia enterocolitica 
in faeces und fleisch von Schweinen, Rindern und 
Gefliigel. Fleischwirtschaf t. 55 :1599-1602 . 

23. Gill, C. 0. and K. G. Newton. 1979. Spoilage of 
vacuum-packaged dark, firm, dry meat at chill tempera
tures. Appl. Environ. Microbiol. 37:362-364. 

24. Seelye, R. J. and B. J. Yearbury. 1979. Isolation 
of Yersinia enterocolitica-resembling organisms and 
Alteromonas putrefaciens from vacuum-packed chilled 
beef cuts. J. Appl. Bacteriol. 46:493-499. 

25. Hanna, M, 0., D. L. Zink, Z. L. Carpenter and C. 
Vanderzant. 1976. Yersinia enterocolitica-like 
organisms from vacuum-packaged beef and lamb. J. 
Food Sci. 41^:1254-1256. 

26. Hughes, Denise. 1979. Isolation of Yersinia 
enterocolitica from milk and a dairy farm in 
Australia. J. Appl. Bacteriol. 46:125-130. 

27. Schiemann, D. A. and S. Toma. 1978. Isolation of 
Yersenia enterocolitica from raw milk. Appl. Environ. 
Microbiol. 35:54-58. 

28. Schiemann, D. A. 1978. Association of Yersinia 
enterocolitica with the manufacture of cheese and 
occurrence in pasteurized milk. Appl. Environ. 
Microbiol. ^:274-277 . 

29. Lee, W. H. 1977. An assessment of Yersinia entero
colitica and its presence in foods. J. Food Prot. 
4£:486-489. 

30. Botzler, R. G., F. T. Wetzler, A. B. Cowan, T. J. 
Quan. 1976. Yersiniae in pond water and snails. 
J. Wildlife Dis. 12:492-496. 



50 

31. Harvey, Sidney, J. R. Greenwood, M, J, Pickett and 
Robert A. Mak. 1976. Recovery of Yersinia entero
colitica from streams and lakes of California. 
Appl. Environ. Microbiol. 32:552-354. 

32. Lassen, Jorgen. 1972. Yersinia enterocolitica in 
drinking water. Scand. J. Infect. Dis. 4_:12S-127. 

33. Black, Robert E. , Richard J. Jackson, Theodore Tsai, 
Michael Medversky, Mehdi Shayegani, James C. Feeley, 
Kenneth I. E. MacLeod and Adah M. Wakeler. 1978. 
Epidemic Yersinia, enterocolitica infection due to 
contaminated chocolate milk. New Engl. J. Med. 
298:76-79. 

34. Health and Welfare Canada. 1976. Yersinia enteroco
litica gastroenteritis outbreak - Montreal. Can. Dis. 
Weekly Rep. 2_:41. 

35. Zen-Yoji, H., T. Maruzama, S. Sasai, S. Kenura, T. 
Mizuno and T. Momose. An outbreak of enteritis due 
to Yersinia enterocolitica occurring at a junior 
high school. Jap. J. Microbiol. 17:220-226. 

36. Mehlman, Ira J., Calvin C. G. Aulisio and Arvey C. 
Saunders. 1978. Problems in the recovery and identi
fication of Yersinia from food. J. Ass. Offic. Anal. 
Chem. ̂ :761-771 . 

37. Paterson, J. S. and R. Cook. 1963. A method for the 
recovery of Pasteurella pseudotuberculosis from feces. 
J. Pathol. Bacteriol. 85:241-242. 

38. Greenwood, J. R., S. M. Flanigan, M. J. Pickett and 
W. J. Martin. 1975. Clinical isolation of Yersinia 
enterocolitica: cold temperature enrichment. J. 
Clin. Microbiol. ̂ :559-560. 

39. Eiss, James. 1975. Selective culturing of Yersinia 
enterocolitica at low temperatures. Scand. J~. Infect. 
Dis. 7^:249-251. 

40. Feeley, J. C., W. H. Lee and G. K. Morres. 1976. 
Yersinia enterocolitica, In Recommended Methods for 
the Examination of Foods, M. L. Speck, ed., American 
Public Health Assoc., Washington, D.C. 351-357. 



51 

41. Lee, W. H. 1977. Two plating media modified with 
tween 80 for isolating Yersinia enterocolitica. 
Appl. Environ. Microbiol. 33:215-216. 

42. Dudley, Michael V. and Emmett B. Shotts, Jr. 1979. 
Medium for isolation of Yersinia enterocolitica. 
J. Clin. Microbiol. 10:180-185. 

43. Ray, Bibek. 1979. Methods to detect stressed micro
organisms. J. Food Prot. 42:546-355. 

44. Busta, F. F. 1976. Practical implications of injured 
microorganisms in foods. J. Milk Food Technol. 39: 
138-145. 

45. Collins-Thompson, D. L., A. Hurst and H. Kruse. 1973. 
Synthesis of enterotoxin B by Staphylococcus aureus 
strain 56 after heat injury. Can. J. Microbiol. 
1^:1463-1468. 

46. landolo, John J. and Z. John Ordal. 1966. Repair of 
thermal injury of Staphylococcus aureus. J. Bacteriol. 
91:134-142. 

47. M<^Coy, David R. and Z. John Ordal. 1979. Thermal 
stress of Pseudomonas fluorescens in complex media 

48. Gray, Rodney J. H., Lloyd D. Witter and Z. John Ordal. 
1973. Characterization of mild thermal stress in 
Pseudomonas fluorescens and its repair. Appl. Micro-
biol. ̂ :78-85. 

49. Emswiler, B. S., M. D. Pierson and S. Shoemaker. 1976. 
Sublethal heat stress of Vibrio parahaemolyticus. 
Appl. Environ. Microbiol. 32:792-798. 

50. Clark, Carol W. , Lloyd D. Witter and Z. John Ordal. 
1968. Thermal injury and recovery of Streptococcus 
faecalis. Appl. Microbiol. 16:1764-1769. 

51. Tomlins, Richard I. and Z. John Ordal. 1971. Require
ments of Salmonella typhimurium for recovery from 
thermal injury. J. Bacteriol. 105:512-518. 

52. Ray, B., J. J, Jezeski and F. F. Busta. 1971. Repair 
of injury in freeze-dried Salmonella anatum. Appl. 
Microbiol. 22:401-407. 



52 

53. Ray, B., D. W. Janssen and F, F. Busta. 1972. Charac
terization o£ the repair of injury induced by freezing 
Salmonella anatum. Appl. Microbiol. 25 : 803-809. 

54. Gomez, R. F., A. J. Sinskey, R. Davies and T. P. 
Labuza. 1973. Minimal medium recovery of heated 
Salmonella typhimurium LT2. J. Gen. Microbiol. 74: 
267-274. 

55. Bluhm, L. and Z. John Ordal, 1969. Effect of sub
lethal heat on the metabolic activity of Staphylococcus 
aureus. J. Bacteriol. 97:140-150. 

56. Hurst, A. 1977. Bacterial injury: a review. Can. 
J. Microbiol. 23:936-944 . 

57. Hartman, Paul A. 1979. Modification of conventional 
methods for recovery of injury coliforms and salmonellae. 
J. Food Prot. 42 : 356-361. 

58. Hughes, Ashton and Andre Hurst. 1976. Magnesium re
quirements of Staphylococcus aureus for repair from 
sublethal heat injury. Can. J. Microbiol. 22:1202-1205. 

59. Strange, R. E. 1964. Effect of magnesium on permea
bility control in chilled bacteria. Nature 203:1304-
1305. 

60. Read, R. R., Jr. 1979. Detection of stressed micro
organisms - implications for regulatory monitoring. 
J. Food Prot. ̂ :362-367. 

61. Flowers, Russell S. and Z. John Ordal. 1979. Current 
methods to detect stressed staphylococci. J. Food 
Prot. ;^:362-367. 

62. Clark, Carol W. and Z. John Ordal. 1969. Thermal 
injury and recovery of Salmonella typhimurium and its 
effect on enumeration procedures. Appl, Microbiol. 
]J^:332-336. 

63. Przybylski, Kenneth S. and Lloyd D, Witter. 1979. 
Injury and recovery of Escherichia coli after sublethal 
acidfication. Appl. Environ. Microbiol. 37:261-265. 

64. Hurst, Andre, G. S. Hendry, Ashton Hughes and Beverly 
Paley. 1976. Enumberations of sublethally heated 
staphylococci in some dried foods. Can. J. Microbiol. 
22:677-683. 



53 

65. Hurst, A., A. Highes, J. L. Beare-Rogers and D. L. 
Collins-Thompson. 1973. Physiological studies on 
the recovery of salt tolerance by Staphy1ococcus aureus 
after sublethal heating. J. Bacteriol. 116:901-907. 

66. Andersen, A. A. 1951. A rapid plate method of count
ing spores of Clostridium botulinum. J. Bacteriol. 
^;425-432. 

67. Schneierson, S. Stanley and Daniel Amsterdam. 1959. 
A simplified tube procedure for the routine determina
tion of bacterial sensitivity to antibiotics. Amer. J. 
Clin. Pathol. 31:81-86. 

68. Dunnett, C. W. 1964. New tables for multiple compari
sons with a control. Biometrics 20:482-491. 

69. Janssen, D. W. and F. F. Busta. 1973. Injury and 
repair of several Salmonella serotypes after freezing 
and thawing in milk solids. J. Milk Food Technol. 

520-522 . 

70. Hahn, F. E. 1967. Mechanism of action. In Antibiotics, 
D. Gottlieb and P. D. Shaw, ed., Springer-Verlag, New 
York, New York, ]^:308-330. 

71. Cozzarelli, Nicholas, R. 1977. The mechanism of action 
of inhibitors of DNA synthesis. In Annual Review of 
Biochemistry, Esmond E. Snell, Paul D. Boyer, Alton 
Meister and Charles C. Richardson, ed.. Annual Review 
Inc., Palo Alto, California, 46:641-648. 

72. Blumberg, Peter M. and Jack L. Strominger. 1975. 
Interaction of penicillin with the bacterial cell: 
penicillin-binding proteins and penicillinase-
sensitive enzymes. Bacteriol. Rev. 38:291-335. 

73. Wehrli, Walter and Matthys Staehelin. 1971. Actions 
of the rifampcins. Bacteriol. Rev. 35:310-364. 

74. Borst, P. and E. C. Slater. 1961. The site of action 
of 2,4-dinitrophenol on oxidative phosphorylation. 
Biochim. Biophys. Acta 48:362-379. 

75. Hanna, M. 0., J. C. Stewart, Z. L. Carpenter and C. 
Vanderzant. 1977. Heat resistance of Yersinia 
enterocolitica in skim milk. J. Food Sci. 42:1134-
1135. 



54 

76. Stern, Norman J., M. D. Pierson and A. W. Kotula. 
1980. Effects of pH and sodium chloride on Yersinia 
enterocolitica grown at room temperature and refrigera-
tion temperatures. J. Food Sci. 45 :64-67 . 

77. Hanna, M. D., J. C. Stewart, Z. L. Carpenter and C. 
Vanderzant. 1977. Effect of heating, freezing and 
pH on Yersinia enterocolitica-like organisms from 
meat. J. Food Prot. 4U:689-6"92. 

78. Carlsson, J., G. Nyberg and J. Wrethen. 1978. Hydro
gen peroxide and superoxide radical formation in 
anaerobic broth exposed to atmospheric oxygen. Appl. 
Environ. Microbiol. 36:2 25-229. 

79. Andrews, Gail R. and Scott E. Martin. 1979. Catalase 
activity during the recovery of heat-stressed Staphylo-
coccus aureus MF-31. Appl, Environ. Microbiol. 38: 
390-394 . 

80. Rappaport, Harriet and J. M. Goepfert. 1978. Thermal 
injury and recovery of Bacillus cereus. J. Food Prot. 
n:533-537. 

81. Heinis, J. J . ,  L. R. Beuchat and F. C. Boswell. 1978. 
Antimetabolite sensitivity and magnesium uptake by 
thermally stressed Vibrio parahaemolyticus. Appl. 
Environ. Microbiol. 35:1035-1040. 

82. Allwood, M. C. and A. D. Russell. 1969. Growth and 
metabolic activities of heat treated Staphylococcus 
aureus. J. Appl. Bacteriol. 3 2:79-85. 

83. Lee, Amy C. and J. M. Goepfert. 197 5. Influence of 
selected solutes on thermally induced death and injury 
of Salmonella typhimurium. J. Milk Food Technol. 
^:195-200. 

84. Hurst, A., A. Hughes, D. L. Collins-Thompson, B. G. 
Shah. 1974. Relationship between loss of magnesium 
and loss of salt tolerance after sublethal heating 
of Staphylococcus aureus. Can. J. Microbiol. 20:1153-
1158. — 

85. Lehninger, A. L. 1975. Biochemistry. V/orth Publisher, 
Inc., New York, New York, 495, 566. 


