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A method was devised and tested for rapid and quantitative 

identification of microbial flora in fresh seafoods.    The rapid 

identification of large numbers of isolates was made possible by 

(1) a simplified identification scheme established by reference 

culture studies and from the known reactions of microorganisms 

reported in the literature,   (2) the multiple transfer of large num- 

bers of isolates by means of replica-plating,   and (3) the use of an 

electronic computer to analyze data. 

For the identification of microbial isolates,   colonies 

developing on initial isolation plates were picked by sterile tooth- 

picks and inoculated on a master-plate in prearranged spacing and 

order.     Growth on the master-plate was replicated on a series of 

solid agar plates containing differential or selective agents. 



Identifying characteristics consisted of growth responses of the 

isolates on media containing penicillin,   tylosin,   vancomycin, 

streptomycin,   chloramphenicol,   neomycin and colistin; growth re- 

sponses on Bacto-SS,   Bacto-S-110,   Bacto-potato dextrose agar; 

and culture pigmentation,   cell morphology and the Gram-reaction. 

Information was processed by an IBM 1410 digital computer which 

sorted and grouped each isolate into one of ten microbial genera or 

groups,   according to a programmed identification key.    The identi- 

fication system was tested by analyzing the microbial flora of dover 

sole fillets (Microstomas pacificus) and ground beef. 

This rapid identification method was employed in an investi- 

gation designed to determine the nature of the microbial flora shifts 

in dover sole resulting from irradiation and storage at 6°   C.    The 

relationship between the microorganisms which initially survive ir- 

radiation,   and those making up the final spoilage flora,   was deter- 

mined.    A total of 2, 723 isolates were examined in this study. 

The spoilage of unirradiated control samples during storage 

at 6°   C -was almost entirely due to the growth of Pseudomonas. 

This group,   which occupied 25 percent of the fresh flora,   grew up to 

nearly 100 percent in two days storage.    In contrast,   irradiation 

doses of 0. 1,   0. 2,   0. 3,   and 0. 4 megarad favored the growth of 

Achromobacter and yeasts.    Micrococcus species,   which survived 

radiation,   did not grow at 6°   C.    At 0. 5 megarad,   spoilage of 

fish samples at 6°  C was due entirely to yeasts. 



REPLICA-PLATING AND COMPUTER ANALYSIS 
FOR RAPID IDENTIFICATION OF MICROORGANISMS 

IN SEAFOODS 

by 

DONALD ALEXANDER CORLETT,   JR. 

A THESIS 

submitted to 

OREGON STATE UNIVERSITY 

in partial fulfillment of 
the requirements for the 

degree of 

DOCTOR OF PHILOSOPHY 

June  1966 



APPROVED: 

" Fe^c Professor of Fe6d Science and Technology 

In Charge of Major 

Head of Department of Food ocience and Technology 

Dean of Graduate School 

Date thesis is presented    CUl^MA^C    ^j    Ji65~ 

Typed by Nancy Kerley 



ACKNOWLEDGEMENTS 

My sincere thanks go to my Major Professor,   Professor R. O. 

Sinnhuber,   who made it possible for me to do graduate study in this 

department and who was a constant source of direction and encourage- 

ment.     I am greatly indebted to my good friend Dr.   J. S.   Lee for his 

counsel and guidance. 

I am very grateful to my wife,   Carol Anne,   for her under- 

standing,   patience and help she so unselfishly gave to me throughout 

my graduate studies and during the preparation of this thesis. 

To my parents,   Mr.   and Mrs.   D. A.   Corlett,   I give my greatest 

gratitude for their unflagging encouragement and interest.    I would 

like to thank my mother and father-in-law,   Mr.   and Mrs.   C.   S. 

Wright who gave so generously of their time and means. 

Acknowledgement is made to Mr.   Glenn C.   Wolfe,   of the 

Statistics Department,   for his services in preparation of the computer 

program.     These studies were aided by a contract between the U. S. 

Atomic Energy Commission (AT(04-3)- 502) and Oregon State 

University. 



TABLE OF CONTENTS 

Page 

INTRODUCTION 1 

LITERATURE REVIEW 4 

Microbiology of Fresh Fish 4 

Freshly Caught Fish 4 
Evisceration and Storage on Shipboard 5 
Processing (Unloading and Filleting) 6 
Fish Fillets 7 
Pathogens in Fish Fillets and Other Fishery Products        8 

Identification of Microorganisms in Fish 10 

The Total Count 10 
Selective,   Differential or Enrichment Methods 10 
Analysis of Mixed Populations 11 

Definition of the Problem 11 
Consideration of Techniques 12 
Identification of all Microbial Groups in a 

Mixed Population 15 
Quantitative Aspects 18 
Numerical Taxonomy 19 

Recent Developments in the Study of Mixed 
Populations 20 

Preservation of Fish by Ionizing Radiation 20 

Definitions of High and Low Dose Irradiation 21- 
Irradiation Studies in Fish 22 
Safety 24 

Radiation Resistance of Microorganisms of 
Public Health Significance 24 

Mutants 25 

Spoilage Microorganisms Active in Fresh Fish, 
Poultry and Red Meats Treated with Low-Dose 
Radiation 27 



TABLE OF CONTENTS (continued) 

Page 

PART I 

THE IDENTIFICATION SCHEME AND METHOD 29 

MATERIALS AND METHODS 30 

Basal Medium 30 
Incubation Temperature 3 0 
Replica-Plating 31 
Selective or Differential Media 32 

Development of Antibiotic Media 32 
Antibiotic Media Used in the Identification Scheme 34 
Non-Antibiotic Media 36 

Reference Cultures 36 
Bacterial Nomenclature 39 
Microbial Identification 39 

Scoring 39 
Identification:    Computer Analysis 39 

Tests of the Method 43 

RESULTS AND DISCUSSION 44 

Responses of Reference Cultures to Antibiotics 44 

Penicillin 44 
Tylosin 44 
Chloramphenicol 46 
Streptomycin 46 
Vancomycin 48 
Neomycin 48 
Colistin 48 
Terramycin,   Furacin and Sulfamethazine 51 
Combinations of Antibiotics 51 

Selection of Antibiotics for Microbial Identification 
Purposes 54 

Responses of Reference Cultures to Other Media 54 



TABLE OF CONTENTS (continued) 

Page 

Salmonella-Shigella Medium 54 
Staphlococcus Medium No.   110 56 
Potato Dextrose Agar-Acidified 56 

Construction of an Identification Scheme 56 
Tests of Identification Reactions for Consistency 62 
Computer Analysis and Programming the Scheme 62 
Test of the Scheme with Unknowns 63 
Discussion of Microbial Genera or Groups in Regard 

to Identification 67 

Pseudomonas 68 
Achromobacter 69 
Coliforms 70 
Flavobacterium 70 
Aeromonas and Vibrio 71 
Bacillus,   "Coryneforms" and Gram-Positive 

Pigmented Rods 72 
Gram-Positive Cocci 73 
Yeasts 73 

Qualifications of the Identification Method 74 

SUMMARY AND CONCLUSIONS 75 

PART II 

APPLICATION OF THE IDENTIFICATION SCHEME TO AN 
IRRADIATION STUDY 77 

MATERIALS AND METHODS 78 

Fish Sample Preparation 78 
Irradiation 78 
Storage 79 
Sampling Procedure 79 
Microbial Identification 79 

RESULTS AND DISCUSSION 82 

Microbial Flora of Unirradiated Fish 82 
Microbial Flora Changes after Irradiation 84 



TABLE OF CONTENTS (continued) 

P^ 

Microbial Flora Changes During 6°  C Storage 89 
Effect of Radiation on Microbial Population in Fish 101 

SUMMARY AND CONCLUSIONS 104 

BIBLIOGRAPHY 106 



LIST OF FIGURES 

Figure Page 

la The identification scheme of Masurovsky,   Voss 
and Goldblith (1963). 16 

lb The identification scheme of Masurovsky,   Voss 
and Goldblith (1963). 17 

II Data sheet. 42 

III Microbial flora change in dover sole as a result of 
irradiation. 87 

IV Microbial growth in unirradiated dover sole during 
6°  C storage. 91 

V Microbial growth in dover sole irradiated (0. 1 
megarad) and stored at 6°  C. 93 

VI Microbial growth in dover sole irradiated (0. 2, 
0. 3,   0. 4 and 0. 5 megarad) and stored at 6°  C. 99 



LIST OF TABLES 

Table Page 

I        An outline of the determinative tests applied to 
certain Gram-negative asporogenous rod-shaped 
organisms. 14 

II        List of antibiotics tested. 33 

III Selective or differential media used in replica-plating.       35 

IV Reference cultures tested and their growth responses 
on antibiotic media. 37 

V Characteristics used for identification of isolates. 40 

Via      Growth responses of reference cultures on antibiotic 
media:   Penicillin,   Tylosin and Chloramphenicol. 45 

VIb      Growth responses of reference cultures on antibiotic 
media:   Streptomycin. 47 

Vic      Growth responses of reference cultures on antibiotic 
media:    Vancomycin and Neomycin. 49 

VId      Growth responses of reference cultures on antibiotic 
media:   Colistin. 50 

Vie      Growth responses of reference cultures on antibiotic 
media:   Streptomycin-Chloramphenicol,   Penicillin- 
Chloramphenicol and Sulfamethazine. 52 

Vlf      Growth responses of reference cultures on antibiotic 
media:    Terramycin and Furacin. 53 

VII        Resistance or sensitivity of reference cultures to 
specific concentrations of antibiotics. 55 

Villa     Responses of reference cultures to selective or 
differential media as tested at one-month intervals. 58 

VHIb      Responses of reference cultures to selective or 
differential media as tested at one-month intervals. 59 



LIST OF TABLES (continued) 

Table Page 

IXa      Primary selective or differential responses of 
reference microorganisms. 60 

IXb Secondary responses of reference microorganisms. 61 

X Key for microbial identification. 64 

XIa Microbial flora analysis of drip from dover sole fillets. 65 

Xlb Microbial flora analysis of fresh ground beef. 66 

XII Numbers of isolates examined for flora analysis. 81 

XIII Microbial flora of unfrozen and control dover sole. 83 

XIV Microbial flora distribution among radiation survivors 
in dover sole. 85 

XV Viable count of each group surviving irradiation in 
dover sole. 86 

XVI Microbial growth in unirradiated dover sole stored at 
6°   C. 90 

XVII Microbial growth in dover sole irradiated at 0. 1 
megarad and stored at 6°  C. 92 

XVIII Microbial growth in dover sole irradiated at 0. 2 
megarad and stored at 6°  C. 95 

XIX Microbial growth in dover sole irradiated at 0. 3 
megarad and stored at 6°   C. 96 

XX        Microbial growth in dover sole irradiated at 0. 4 
megarad and stored at 6°  C. 97 

XXI        Microbial growth in dover sole irradiated at 0. 5 
megarad and stored at 6°   C. 98 



REPLICA-PLATING AND COMPUTER ANALYSIS 
FOR RAPID IDENTIFICATION OF MICROORGANISMS 

IN SEAFOODS 

INTRODUCTION 

The identification and quantitative analysis of the microbial 

flora of food is necessary in order to determine storage capacity, 

anticipate the type of spoilage,   and evaluate potential public health 

hazards.    This knowledge is also important for the development of 

a new food preservation process,   such as pasteurization by 

irradiation. 

Standard procedures are available for the detection of 

microorganisms of public health significance in foods.     The 

presence of bacterial pathogens,   or indicator organisms,   closely 

associated with pathogens,   is determined with selective,   differential, 

or enrichment media.    With these procedures the identification of 

other microorganisms present in the population is ignored.    The 

assessment of the total count may be used in conjunction with the 

foregoing method to determine the extent of spoilage. 

A second approach attempts to identify and analyze the entire 

microbial population of a food.     Fresh foods normally contain a 

mixed population of microorganisms representing many bacterial 

genera,   as well as yeasts and molds.    The identification of all these 



groups and the determination of their relative numbers within the 

population is a difficult undertaking.    Even in recent studies, 

identification methods were so involved that only a limited number 

of isolates (20-40 per sample) were examined.    In these instances, 

the quantitative information for the microbial flora was seldom 

obtained. 

Three major difficulties are associated with the analysis of 

a mixed population.     First,   conventional methods and testing 

procedures are complicated by the large numbers of culture trans- 

fers necessary (e. g. ,   from primary to subculture media and then to 

a large number of selective and differential media).    Included in 

this category are the many manipulations required for preparing 

slides and diagnostic tests using tubes,  plates or slides. 

Second,   the limitation placed on the number of isolates 

identified makes the quantitative relationship within a population 

difficult to obtain. 

Third,   the analysis and interpretation of results,   even for a 

small number of isolates,   is involved and time   consuming. 

Another difficulty encountered in cultural,   morphological,   or 

biochemical testing is the variability of results.    A freshly isolated 

culture may show different morphological,   cultural and physiological 

reactions than its subcultured counterpart.     For example,   differences 

have been reported for pigmentation,   colony morphology,   and the 



oxidase and gelatinase reactions. 

Part I of this thesis is devoted to the construction of an identi- 

fication scheme and method for the rapid identification of large num- 

bers of microorganisms with a minimum of effort.    This procedure 

was designed to (1) reduce the amount of work required for trans- 

ferring cultures; (2) provide an identification procedure employing a 

maximum of ten selective or differential solid media on which cul- 

ture variability -was reduced to a minimum; (3) permit the multiple 

inoculation of large numbers of cultures on these media by the 

modified replica-plating technique; and (4) allow the rapid identifica- 

tion of isolates into genera of groups with the aid of an electronic 

computer by a programmed identification key. 

The identification method was utilized in Part II of the thesis 

for the  study of the microbial flora-shifts in irradiated dover sole 

fillets stored at 6°  C. 



LITERATURE REVIEW 

Microbiology of Fresh Fish 

Shewan and Hobbs (1965),   in a review of fish spoilage and 

preservation,   point out that the spoilage pattern of fish is dependent 

on the initial bacterial flora,   the flora acquired during handling and 

processing,   the conditions to which the fish had been subjected 

during storage and processing,   and the chemical composition of the 

fish (e. g, ,   fatty vs.   non-fatty). 

Freshly Caught Fish 

The types of bacteria present in the slime of freshly caught 

fish depend on the type of fish,   season,   geography and water temper- 

ature (Shewan and Hobbs,   1965).    The microorganisms found in cold 

waters,   such as the North Atlantic (Shewan,   Hobbs and Hodgkiss, 

1960b),   and the Pacific (Liston,   1959;Liston,   1960a; Colwell,   1961), 

are similar despite the geographical difference.    The flora of freshly 

caught fish consists mostly of members of the bacterial genera 

Pseudomonas,   Achromobacter,   Flavobacterium,   Cytophaga, 

Micrococcus,   and Vibrjo.    The Alcaligenes,   Brevibacterium, 

Bacillus and yeasts are generally present in lesser numbers.     This 

is in general agreement with an earlier review by Griffiths (1937). 



The slime flora of fish caught from the South Pacific area (Colwell, 

1961) and Indian Ocean, off the coast of South Africa, Australia, and 

the Adriatic Sea (Shewan and Hobbs, 1965), had a higher proportion 

of mesophilic to psychrophilic organisms than in colder waters. 

Most microorganisms present on the skin of fish taken in 

unpolluted waters appear to be of little or no public health signifi- 

cance.    Shewan and Hobbs (1965) cite   11   authors,   and Listen (1965) 

cites  14 authors whose respective analysis of the natural flora of 

fish,   exclusive of the intestines,   did not indicate the presence of 

pathogens.    The flora in most cases consisted of the microorganisms 

previously listed as present on fresh fish.    The intestines contained 
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up to  10    bacteria per gram of gut content (Listen,   1965),   most of 

which were the Gram-negative psychrophilic types.    However, 

Clostridium botulinum,   especially Type E,   was present in the gut, 

and as recently reported by Bott et aL   (1964),   may be present on any 

part of the fish (intestine,   stomach,   liver,   gills,   skin and flesh,   head, 

body). 

Evisceration and Storage on Shipboard 

Fish are exposed to contamination if eviscerated on ship- 

board.     The flesh of whole fish is generally considered sterile 

(Griffiths,   1937; Shewan and Hobbs,   1965); however,   during eviscer- 

ation,   the flesh may become contaminated with microorganisms 



present in the gut and gills.    The presence of mud,   brought up in 

the nets dragged on the ocean bottom also contaminate the fish 

(Shewan and Hobbs,   1965). 

The sanitation of the ship (pens and boards),   quality of ice, 

and temperature of the storage facilities markedly affects quality. 

Shewan,   Hobbs,   and Hodgkiss (1960b) reported that even under good 

storage conditions,   at temperatures not above 0-1. 5°   C,   the 

Pseudomonas and Achromobacter become predominant in the later 

stages of spoilage. 

Processing (Unloading and Filleting) 

The final and most important source of contamination and 

increased counts resulted from unloading and processing of fish. 

Both the Gram-positive mesophilic bacteria which contaminate the 

fish during processing and the psychrotrophic bacteria,   already 

present,   increased in numbers due to the rise in temperature 

(Shewan and Hobbs,   1965).     Nickerson (1963) reported that the 

microbial counts of fillets from three haddock filleting plants 

ranged from a low of 4. 0x10    to a high of 1. 5x10    microorganisms 

per gram.     These counts were dependent on cleanup procedures, 

and the fillets were reported to actually have cleaned the equipment. 

Fish caught far out at sea are usually free of coliforms 

(Colwell,   1961),   Staphylococcus aureus,   and the Salmonella 



(Shewan and Liston,   1955; Appleman,   Bain and Shewan,   1964). 

However,   they may be contaminated by polluted water,   contaminated 

processing equipment (filleting knives,   and boards) and handlers 

(Appleman,   Bain,   and Shewan,   1964; Liston,   1965).    Escherichia coli 

and coagulase-positive staphlococci have been reported in filleted fish 

(Silverman,   Davis,   and Nickerson,   1964). 

Fish Fillets 

Fish fillets would be expected to harbor many of the same 

types of microorganisms present before filleting.    Shewan and Hobbs 

(1965) stated that there may be a higher percentage of mesophilic 

bacteria in the flora,   particularly those belonging to the 

"coryneforms. "   The contamination of fish fillets with "coryneforms" 

from wooden boxes was reported by Spencer (1959).    The flora of 

unspoiled fillets,   as reported for Pacific cod  (MacLean and 

Welander,   I960); haddock (Masurovsky,   Voss,   and Goldblith,   1963); 

English sole (Adams,   Farber and Lerke,   1964) and fresh water 

yellow perch (Emerson et al. ,   1965),   were all remarkably similar. 

The main genera of bacteria reported were Pseudomonas, 

Achromobacter,   Micrococcus,   Flavobacterium,   and "coryneforms. " 

However,   members of the genus Flavobacterium were notably low in 

the fresh water fish.    The microorganisms present in low numbers 

were the Enterobacteriaceae and the bacterial genera:   Aeromonas, 
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Vibrio,   Alcaligenes,   Mycoplana,   Bacillus,   Corynebacterium, 

Microbacterium,   ELrevibacterium,   Staphylococcus,   Aerobacter, 

Streptococcus,   and Lactobacillus.        The yeasts were reported in low 

numbers.    Eklund e^t al.   (1965a) reported yeasts of the genera: 

Rhodotorula,   Cryptococcus,   Torulopsis,   Candida,   Trichosporon 

and Brettanormyces in dungeness and king crab meat. 

Spoilage of fish during storage results mainly from the rapid 

growth of the Pseudomonas and Achromobacter (Shewan,   Hobbs,   and 

Hodgkiss,   1960b; Adams,   Farber,   and Lerke,   1964).     Farber and 

Lerke (1961) reported that the yellow pigmented bacteria,   belonging 

to the genera Flavobacterium and Micrococcus,   disappeared during 

spoilage.     The loss of these groups was used as an index of the 

extent of spoilage.    The decrease of the pigmented varieties was 

accompanied by the increase of the Pseudomonas and Achromobacter 

groups. 

Pathogens in Fish Fillets and Other Fishery Products 

As mentioned previously,   fresh whole fish prior to processing 

normally do not carry microorganisms of public health significance, 

with the possible exception of the clostridia.     Filleting and processing 

are responsible for the contamination of fish fillets with staphylococci, 

coliforms,   fecal streptococci and clostridia (Shewan and Hobbs,   1965; 

Listen,    1965; Appleman,   Bain,   and Shewan,   1964).    An organism 



responsible for erysipelas in swine,   Erysipelothrix rhusiopathiae, 

has been found to give rise to an erysipeloid condition at the site of 

skin wounds in fish handlers (Shewan and Hobbs,   1965).     This 

organism appeared to be a secondary invader. 

Shellfish present a special problem because they may be 

harvested from polluted water.    Shellfish are frequently contaminated 

by coliforms (indicators of fecal   c o nt a m ina t i dn), fecal micro- 

cocci,   staphylococci and clostridia.     Tests for these groups of 

organisms are routinely included in the examination of shellfish 

(American Public Health Association,   1962).     Viruses were reported 

in oysters by Metcalf and Stiles (1965).    Oysters,   collected in the 

estuaries and bay region of coastal New Hampshire,   contained cox- 

sackie and ECHO viruses. 

Processed fishery products,   such as fish cakes and fish pies, 

may be contaminated with Salmonella (Bowmer,    1965).    Shewan and 

Hobbs (1965) and Listen (1965) presented evidence that implicated 

the ingredients (batter mix,   eggs and flour),   utensils and food 

handlers as sources leading to the contamination of processed fish 

products.     These products contained enterococci,   coliforms and 

hemolytic streptococci. 
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Identification of Microorganisms in Fish 

The Total Count 

The total bacterial count is used as a simple and efficient 

method for the determination of the quality of a food.    Abnormally 

high bacterial counts are an indication of poor handling practices, 

lack of proper sanitation,   or poor temperature control in fresh 

meats and fish (American Public Health Association,   1958).    The 

total count serves well as a routine procedure; however,   no identifi- 

cation is made of the microorganisms comprising the flora. 

Selective,   Differential or Enrichment. Methods 

The use of selective,   differential or enrichment media is a 

routine procedure for the detection and enumeration of micro- 

organisms of public health significance in foods.     The selective 

media usually contain agents designed to inhibit the growth of all 

microorganisms except those being sought.    The enrichment media 

achieve the same objective by the inclusion of specific nutrients 

which encourage the growth of a specific group or groups.     Both 

types of media may contain differential agents that separate sub- 

groups which may grow upon the medium. 

Selective media are used mostly for coliforms,   Salmonella, 
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Shigella,   staphylococci and enteric micrococci.     Their use is 

described in an excellent and extensive review by Lewis and 

Angelotti (1964). 

Selective and differential methods are normally employed in 

combination with the total count.    The total count,   while a general 

indication of the quality of food,   was reported to be a poor indicator 

of the presence of coagulase-positive staphylococci (Silverman, 

Davis and Nicker son,   1964).     For the routine determination of the 

bacteriological quality of food and the detection of pathogens,   the 

total count and selective or differential procedures augment each 

other. 

Analysis of Mixed Populations 

Definition of the Problem.     The identification of the types and 

numbers of microorganisms in the mixed population present in a 

fresh fishery product is difficult because of the wide variety of 

microorganisms present.    Each group or genus presents a diagnostic 

problem in itself,   especially with regard to members of the Gram- 

negative asporogenous bacilli (Ingram and Shewan,   I960) and the 

Gram-positive asporogenous bacilli (Shewan and Hobbs,   1965; 

Thornley,   1957; Thornley and Sharpe,   1959). 

The taxonomic position of common groups of spoilage micro- 

organisms is unresolved.     The Pseudomonas -Achromobacter groups 
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were placed differently in the classification schemes of Bergey 

(Breed,   Murray,   and Smith,   1957) and Prevot (1957).     The 

Pseudomonas,   Achromobacter,   Cytophaga,   and Flavobacterium 

were only adequately distinguished from each other by numerical 

taxonomy.    On the other hand,   microorganisms of public health 

significance are relatively well recognized because of the necessity 

for their positive identification (Le-wis and Angelotti,   1964; Burrows, 

Moulder and Lewert, 1963). 

Consideration of Techniques.    The detailed taxonomic 

analysis of genera or species within a genus requires extensive and 

numerous testing procedures regarding cell morphology,   location 

and number of flagella,   cultural reactions on proteins,   carbohydrates 

and other media,   etc. 

The large number of tests,   the skill and time required were 

exemplified in the work of Rhodes (1959) for Pseudomonas 

fluorescens;   Hayes (1963),   for the marine flavobacteria; and Park 

(1962) for the microorganisms occurring in fresh water.    These 

studies represented exhaustive analysis of the microorganisms under 

study and many of these same techniques were used in analysis of 

mixed populations. 

There has been considerable effort to make identification 

tests more specific.    One of the first innovations in the separation 
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and identification of the non-pathogenic Gram-negative asporogenous 

bacilli was the use of antibiotic sensitivity by Shewan,   Hodgkiss,   and 

Listen (1954).    The use of antibiotics avoids "negative characters, " 

a difficulty encountered in this microbial group owing to their bio- 

chemical inertness.    The Pseudomonadaceae were found to be 

resistant to Z. 5 I. U.   of penicillin,   whereas the Achromobacteriaceae 

were sensitive.    Penicillin at Z. 5 I. U. ,   streptomycin at 80 |i.g and 

chloramphenicol at 100 |J.g,   separated the Pseudomonadaceae and 

Achromobacteriaceae from the Bacteriaceae.     They also found that 

the pigment- and non-pigment-producing Pseudomonas and the 

Vibrio,   all resistant to Z. 5 I. U.  penicillin,   were differentiated by 

their reactions to terramycin (10 (Jig) and to a vibrio-static compound 

(2, 4-diamino-6, 7-di-isopropyl pteridine).    Other specific and 

extremely useful tests are the behavior of the Gram-negative 

asporogenous rods on the medium of Hugh and Leifson (1953) and the 

response of cultures to the oxidase test (Kovacs,   1956). 

These tests,   along with observations of motility,   cell mor- 

phology and colony appearance are employed in an identification 

scheme reported by Shewan,   Hobbs and Hodgkiss (1960a).    Their 

scheme,   designed to differentiate the bacterial genera 

Achromobacter-Alcaligenes,   Flavobacterium,   Pseudomonas, 

Aeromonas,   Vibrio,   and the Paracolon group,   is given in Table I. 

Six groups are identified by only seven determinative tests. 
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Table I.    An outline of the determinative tests applied to certain Gram-negative asporogenous 

rod-shaped organisms. 

Colony 

Behavior in 

Hugh & Kovacs' 

Leifson's        Oxidase      Growth    Genus,  Species 

Motilitv      Morphology      Appearance*     Penicillin      Medium Test at 37 or Type 

Short stout Grey to 

rods greyish- 

0. 8x1. 0-1. 5(0. white, slightly 

and coccal opaque 

forms 

++ 

or 
+ 

Alkaline 
or 

oxidative 

N. A. 

Achromobacter 

Alcaligenes 

Slender rods,     Yellow to 

occasionally      orange 

filamentous 

N. A. N. A. Flavobacterium 

Slender rods      Yellow- 

orange 

N. A. N. A. Flavobacterium 

Slender 

straight or 

curved rods 

Translucent, 

colourless, 

diffusible 

fluorescent 

pigmentf 

Oxidative or 

+ 
Pseudomonas 

Slender, 

straight or 

curved rods 

Translucent, 

colourless, 

occasionally 

pigmented 

Alkaline 

or 

no action 
Pseudomonas 

Slender rods,     Translucent, 

straight or colourless 

curved 

Fermenta- 

tive,  gas 

abundant 

Aeromonas 

Slender, Translucent, 
straight or colourless, 
curved rods occasionally 

yellow 
pigmented 

Straight Translucent, 
rods colourless 

Fermenta- 

tive with no 

gas or (very 

seldom) 

traces 

Fermenta- 

tive, gas 

abundant 

Vibrio 

(marine origin) 

Paracoloon 

E.  coli 

+, may or may not be present;      Sensitivity to 2. 5 i. u. ; ++, very sensitive; +,  sensitive; 

-, insensitive;       N. A. , test not applied. 

From Shew an, Hobbs,  and Hodgkiss (1960a). 
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Some of these tests have been simplified since  I960.    The 

arginine test (Thornley,   1960a) represents a modification of the 

Hugh and Leifson test,    Arginine,   present in the medium as the only 

carbon source,   was found to be specific for the separation of the 

Pseudomonas from the Achromobacter.    The Pseudomonas produce 

an alkaline reaction under anaerobic conditions and the Achromo- 

bacter produce no reaction under the same conditions.    In addition, 

the Kovacs oxidase test,   reviewed as a taxonomic tool by Steel 

(1961),   is simplified by the use pf reagent-impregnated paper strips 

(Gandelman and Mann,   1965).    The identification of the 

Enterobacteriaceae has been simplified by the rapid test for the 

enzyme glutamic acid decarboxylase,   present in organisms of this 

group (Stewart,   1963). 

Identification of all Microbial Groups in a Mixed Population. 

A typical scheme for the identification of the different genera or 

groups of microorganisms making up the mixed population of a 

fishery product,   is exemplified by Masurovsky,   Voss and Goldblith 

(1963).     Their scheme,   given in Figure la and lb,   is similar to that of 

Emerson et al.   (1965),   and is representative of the morphological, 

cultural and physiological tests necessary for identification of many 

groups,     Although this scheme is entirely adequate for tentative 

identification,   it is very tedious and time consuming.    As is 
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apparent from Figure I,   one must analyze colony morphology, 

colony pigmentation,   cell morphology (flagella) and the Gram reac- 

tion,   growth and physiological tests on both liquid and solid media, 

and temperature reactions.    Each isolate must be laboriously sub- 

jected to a large number of tests necessitating many transfers and 

manipulations. 

For this type of procedure,   variation of diagnostic reactions 

is a difficulty,   especially between freshly isolated cultures and the 

same cultures after subculture on laboratory media.    Differences 

have been reported for pigmentation (Gaby,   1955); pigmentation and 

the location or presence of flagella (Brown and Weideman,   1958); 

pigmentation,   flagella,   colony morphology and biochemical reactions 

(Rhodes,   1959); and the oxidase and gelatinase reactions (Ayres, 

I960). 

Quantitative Aspects.     Current identification procedures 

seldom permit the identification of more than 30 isolates from any 

one sample (Masurovsky,   Voss,   and Goldblith,   1963; MacLean and 

Welander,   I960; Ingram and Thornley,   1959).     This small sample 

size makes the accurate determination of the proportions of the 

microbial groups within the population difficult.     The small sample 

size also makes it difficult to obtain an unbiased selection of cultures 

from primary isolation plates.    Random number tables are 
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sometimes used to pick numbered colonies from plates so as to 

obtain a random sampling (Masurovsky,   Voss,   and Goldblith,   1963). 

Numerical Taxonomy.    While there have been few improve- 

ments in rapid identification methods concerning microorganisms 

in mixed populations,   significant advances have taken place in 

bacterial taxonomy.    Numerical taxonomy,   also referred to as 

Adansonian taxonomy,   propounded by Sneath (1957) and Sneath and 

Sokal (1962),   is based upon the concept that all diagnostic character- 

istics of an organism are given equal taxonomic value.    It utilizes 

the electronic computer to analyze data. 

For the assessment of the similarity of members of a 

taxonomic group (e. g. ,   all species in a genus),   a large number of 

cultures are analyzed.     For each culture a large number (usually 

over 100) of classical morphological,   cultural and biochemical 

characteristics are determined.     Then all cultures are analyzed by 

a programmed computer for maximum similarity in regard to 

determinative characteristics.     Cultures of like similarity cluster 

into groups. 

Numerical taxonomy was used to study the taxonomy of Gram- 

negative bacteria (Colwell and Mandel,   1964); the Pseudomonadaceae 

(Shewan,   Hobbs,   and Hodgkiss,   1960a); Pseudomonads (Colwell and 

Listen,    I960); Pseudomonas and Achromobacter (Listen,   1960b); 
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Pseudomonas and Achromobacter isolated from chicken meat 

(Thornley,   1960b); Xanthomonas and Pseudomonas (Colwell and 

Liston,   1961); yellow pigmented marine bacteria (Floodgate and 

Hayes,    1963); Salmonella (Lockhart and Holt,   1964); Staphylococci 

(Hill,    1959; Hill et al. ,   1965) and Serratia marcescens (Colwell 

and Mandel,   1965). 

Recent Developments in the Study of Mixed Populations 

Though numerical taxonomy is much too cumbersome for 

rapid analysis,   the use of the computer to analyze data (Lockhart, 

1964) derived with an identification scheme,   would be of value. 

Also,   time could be saved by conducting all selective or differential 

tests on solid media and transferring large numbers of colonies by 

the replica-plating technique of Lederberg and Lederberg (1952). 

This technique was first used in identification of the microbial flora 

of beef by Ayres (I960). 

Preservation of Fish by Ionizing Radiation 

The preservation of food with ionizing radiation has re- 

ceived considerable attention since it was discovered that x-rays and 

radioactive isotopes are lethal to microorganisms.     For the inter- 

ested reader there are many sources of information on this subject 

which are not directly covered in this section. 
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The physical aspects of radiation were described by 

Platzman (1959).    Several books regarding the historical,   physical, 

chemical,   biological and technological aspects of the application of 

radiation to foods are available (Hannan,   1956; Army Quartermaster 

Corps,   1957; Desrosier and Rosenstock,   I960).    In addition,   the 

action of radiation on microorganisms was covered in reviews by 

Niven (1958) and Bridges (1963,   1964). 

Definitions of High and Low Dose Irradiation 

Two ranges of ionizing radiation are used in the processing 

of food:    the sterilization dose,   generally recognized to be 4. 45 

megarad (Schmidt,   1963),   and low-dose radiation,   usually termed 

radiation pasteurization (Niven,   1958),   having a dose between 0. 1 

and 0. 5 megarad. 

These levels were recently renamed and redefined 

(Goresline et al. ,   1964).    Sterilization by means of irradiation can- 

not be reliably achieved.    Hence a term defining "commercial 

sterility" was proposed.      "Radappertization"   was defined as "the 

application to foods of doses of ionizing radiation sufficient to re- 

duce the number and/or activity of viable organisms to such an 

extent that very few,   if any,   are detectable in the treated food by any 

recognized method (viruses being excepted) while no spoilage or 

toxicity of microbial origin is detectable no matter how long or under 
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what conditions the food is  stored in the absence of contamination. " 

Radiation pasteurization,   in the sense used for the extension of 

shelf life for fish fillets,   -was renamed "radurization, " which was 

defined as "the application to foods of doses of ionizing radiation 

sufficient to enhance keeping quality by causing substantial reduc- 

tion in the numbers of viable specific spoilage microorganisms. " 

Irradiation Studies in Fish 
 j— 

Fresh fish or fish fillets are normally preserved by refriger- 

ation at temperatures above freezing,   or are frozen.     Freezing, 

although an excellent means of preservation,   has the obvious dis- 

advantage of requiring that the produce be held below 0°   C.    Refrig- 

eration,   on the other hand,   is severely limited by the short shelf- 

life of fish.     Fish fillets were reported to have a shelf-life of one 

week at 36-40°   F (Nickerson et al. ,   1954) and ground fillets less 

than a week at 43°  F (Lee,   Shiflett and Sinnhuber,   1965).     The 

storage life of fillets at these temperatures varied according to the 

relative numbers of spoilage microorganisms present on the fillets 

(Nickerson,   1963). 

High voltage cathode rays were used to sterilize mackerel 

(Nickerson,   Goldblith,   and Proctor,   1950) and haddock (Proctor, 

Nickerson,   and Goldblith,   1950).    However,   irradiation at sterilizing 

levels produced undesirable flavor changes (Nickerson,   Proctor 
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and Goldblith,   1953). 

A new concept,   the application of low doses of radiation to 

extend the refrigerated shelf-life of fish was reported by Nickerson 

et al.   (1954).    Haddock fillets,   irradiated at dose levels of 4x10    to 

5 
7x10    rep,   showed an initial reduction of the bacterial count from 

4x10    per gram (unirradiated) to below 5x10    per gram (irradiated). 

The bacterial counts did not approach 1x10    per gram until two 

weeks of storage at 36-40°   F and organoleptic tests conducted on 

irradiated samples after six weeks storage were considered 

acceptable. 

Later studies indicated that the combination of low-dose 

radiation,   in the dose ranges of 0. 1 to  1.0 megarad,   and refrigera- 

tion are promising as a means of extending the shelf-life of a prod- 

uct such as fish fillets or other fresh seafood.    With a few excep- 

tions,   low dose radiation in conjunction with refrigeration (0-6°   C) 

extended the shelf-life of marine products from one week to many 

months,   depending on the dose level and storage temperature.    Only 

slight changes in organoleptic sensory values were reported after 

an exposure to dosages up to 0f 5 megarad.    These general results 

were found with the following seafoods:   haddock,   cod,   lemon sole, 

mackerel,   herring and kipper (Shewan and Listen,   1958); Pacific 

cod (Miyauchi,   I960; MacLean and Welander,   I960); petrale sole 

fillets (Spinelli et al. ,   1965); dover sole (Lee,   Shiflett,   and 
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Sinnhuber,   1965); yellow perch (Emerson et al.   1965); haddock and 

soft shelled clams (Nickerson,   1963; Masurovsky,   Goldblith and 

Nickerson,   1963; Masurovsky,   Voss and Goldblith,   1963); soft- 

shelled clam meats (Conners and Steinberg,   1964); Pacific Coast 

shellfish (Miyauchi et al. ,   1964); and crabmeat and shrimp (Scholz 

et al. ,   1962). 

Safety 

From the standpoint of nutritional value,   wholesomeness, 

quality,   and economics,   the use of low-doses of radiation for pre- 

servation of fish is entirely feasible (Rhodes,   1964; Slavin, 

Steinberg and Ronsivalli,   1964).     For example,   Brooks et aJ.   (1964) 

reported that the amino acids and B-vitamins of clam meats were 

affected only slightly by radiation or storage.     These changes were 

no more significant than those caused by refrigerated storage or 

heat processing.     However,   this process appears to have several 

problems regarding the potential survival of pathogenic micro- 

organisms (Niven,   1963;  Rhodes,   1964). 

Radiation Resistance of Microorganisms of Public Health 

Significance.    Dean (1963) pointed out that the survival of 

Clostridium botulinum in irradiated foods is a major problem con- 

fronting the use of radiation for preservation.    Schmidt,   Lechowich, 
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and Nank (1962) reported that (3.   botulinum type E,   when irradiated 

in beef stew to permit the survival of 50 to 200 spores per container, 

became toxic at 43° and 49°  F.    Because of the potential of this 

organism to grow and produce toxin below 1 0°  C (45. 5°  F),   Rhodes 

(1964) listed this as a major obstacle for the low-dose irradiation 

preservation of fisheries products. 

Erdman,   Thatcher and MacQueen (1961a) found a wide 

variation of radiation sensitivity among 21 bacterial cultures of 

public health significance.    The coliform organisms were more 

sensitive than the salmonellae,   which in turn were more sensitive 

than the staphylococci and Streptococcus faecalis.    The most 

resistant were spores of C.  botulinum type A,   which were more 

resistant than spores of type E,   and six strains of staphylococci. 

Meat,   nutrient broth and buffer increased radiation resistance of 

the bacteria in that order.    Staphylococcus aureus enterotoxin was 

reported to be sensitive to radiation at comparatively low levels. 

According to Slabyj,   Dollar and Listen (1965),   the survival 

of S.   aureus is not a hazard in food that is properly refrigerated. 

They indicated that S.   aureus did not survive during storage at 1° 

and 8°   C following post-irradiation survival.    However,   it grew well 

at 12°   C. 

Mutants.     The question as to whether radiation-resistant 
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mutants may occur in irradiated food was raised by Niven (1963) and 

Thatcher (1963).    Such mutants were feared to be more pathogenic 

than the wild type. 

Erdman,   Thatcher,   and MacQueen (1961b) subjected cultures 

of Staphylococcus aureus,   Salmonella gallinarum,   Escherichia coli, 

Streptococcus faecalis atid C.   botulinum (type's A and E) to irra- 

diation.    By irradiating each culture,   allo-wing the survivors to grow 

up and then re-irradiating,   they were able to show incremental in- 

creases in radiation resistance for single strains of E.   coli, 

S.   faecalis and C^.   botulinum type A and in one of three strains of 

Staphylococcus aureus.    It must be pointed out that the increase in 

radiation resistance was slight and was obtained only after  14 

cycles of exposure and subculture. 

As for changes produced in the cultures,   other than radiation 

resistance,   the phage typing pattern of S.   aureus was also altered; 

however,   all strains remained mannitol and coagulase positive. 

E,   coli  isolates became indol negative and did not give the typical 

green sheen on Endo's agar following irradiation.    With subsequent 

transfers,   in the absence of radiation,   this property was regained. 

The probability that radiation may produce harmful mutants 

appears to be remote.    Sinnhuber and Lee (1965) reported that the 

population of E.   coli surviving irradiation contained a high number 

of less proficient cells (e. g. ,   cells that were less able to grow and 
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reproduce than the unirradiated cells).    Experiments with a strain 

of Pseudomonas (NCMB 133) showed that irradiated cells rapidly 

lost viability when stored in buffer.    These results indicated that a 

single dose of radiation,   such as would be applied to a food,   would 

inactivate most microorganisms,   produce sublethal and detrimental 

effects in others and allow a small percentage to escape unaltered. 

Similar effects were described by Shewan and Liston (1958).    In 

addition,   Liston et al.   (1963) reported that there was no evidence of 

recovery and outgrowth of radiation sensitive organisms during 

storage of irradiated cultures.    Also,   there was no evidence of 

a shift in the pattern of radiation sensitivity towards more 

resistant forms during storage. 

Spoilage Microorganisms Active in Fresh Fish,   Poultry and Red 

Meats Treated with Low-Dose Radiation 

The first effect of a low dose of irradiation is to drastically 

reduce the microbial count (Nickerson,   1954).     The Pseudomonas 

group appeared to be the most sensitive to radiation (Wolin,   Evans 

and Niven,   1957; Ingram and Thornley,   1959; Shewan and Liston, 

1958).     These authors pointed out that the Pseudomonas were the 

predominant cause of low temperature spoilage when they were 

allowed to survive in an irradiated food. 

The Achromobacter (Ingram and Thornley,   1959; Thornley 
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Ingram,   and Barnes,   I960),   Micrococcus (MacLean and Welander, 

I960) and yeasts (Eklund et al_.   1965b),   were reported to be 

moderately resistant to low levels of radiation and were also able 

to grow at refrigeration temperatures and contribute to spoilage of 

food.     The Gram-positive bacilli,   tentatively identified as 

"coryneforms" or Bacillus (Thornley,   Ingram,   and Barnes,   I960), 

and microorganisms resembling Microbacterium thermosphactum 

(Wolin,   Evans,   and Niven,   1957),   were also reported to survive 

radiation and produce spoilage. 
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PART I.     THE IDENTIFICATION SCHEME AND METHOD 

The purpose of this study was to experimentally construct an 

identification procedure -which -would reduce the time and labor re- 

quired for the identification of large numbers of microbial isolates. 

A determinative scheme was required which would classify 

ten microbial groups common to fresh fishery products.    The 

diagnostic tests must be specific and yet be adaptable to procedures 

for the rapid processing of culture isolates.     The final character- 

istic of the method was an automated system for the analysis and 

interpretation of data. 
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MATERIALS AND METHODS 

Basal Medium 

A basal medium (TPN) was devised for maintaining stock 

cultures,   for a base of some selective media,   and for the primary 

isolation of microorganisms from fishery products.    This medium 

is composed of Bacto-peptone (Difco) 0. 5 percent,   Bacto-tryptone •' 

(Difco) 0. 5 percent,   Bacto-yeast extract (Difco) 0. 25 percent,   NaCl 

(reagent grade) 0. 5 percent,   glucose 0. 1 percent,   and agar (Difco) 

2. 0 percent in distilled water.    Sodium chloride was added to im- 

prove the growth of the marine microorganisms reported to be active 

during low-temperature spoilage (Shewan and Hobbs,   1965).    Peptone 

was added to enhance the production of diffusable fluorescent pig- 

ments by some Pseudomonas (King,   Ward and Raney,   1954).    The 

same basal medium also was used for the examination of ground 

beef. 

Incubation Temperature 

A uniform incubation temperature of 29°   C -was selected to 

allow the rapid growth of both psychrotrophic and mesophilic 

microorganisms.     This temperature of incubation made it possible 

to record the growth reactions in 24 to 48 hours of both reference 
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cultures and cultures isolated from foods. 

The use of this temperature was based on the findings re- 

ported in a review by Ingraham and Stokes (1959) that most psy- 

chrophiles grew up to 30°   C.    In addition,   Frank (1962) found that 

the biochemical reactions of 15 strains of psychrophilic 

Pseudomonas geniculata cultures were the same at either 8°   C or 

27°   C.     Cultures of Pseudomonas,   Aeromonas,   Vibrio,   Cytophaga, 

and Achromobacter from the reference collection grew equally well 

at 6°   C and 29°   C,   though faster at the latter temperature. 

Replica -Plating 

A modified version of the replica-plating technique, 

originally reported by Lederberg and Lederberg (1952),   was 

adapted to examine the growth responses of large numbers of cul- 

tures on solid media.     Cultures were inoculated at specific posi- 

tions on the agar of the master-plate,   using sterile toothpicks. 

The positions were previously designated by markings made on the 

bottom of the petri dish.    Up to 40 colonies may be inoculated on a 

plate; however,   21  colonies per plate gave the best results. 

Following incubation,   the colonies which had grown on the master- 

plate could be replica-inoculated on up to 12 plates containing 

selective or differential media. 

The replica-plating technique was initially used for the rapid 
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inoculation of reference cultures onto selective or differential media 

being screened for value in identification.     Following the adoption of 

ten media for identification purposes,   replica-plating was used 

routinely.    Unknown isolates were replicated from masters,   onto 

12 plates.    The first and the last plates were of basal medium. 

The colonies on the first plate were examined for visible pigmenta- 

tion and for the presence of fluorescent pigment under ultraviolet 

light.     Smears of each colony from this plate were prepared for 

examination of cell morphology and determination of the Gram- 

reaction.     The last plate served to verify the successful transfer of 

all colonies to the preceding plates. 

Selective or Differential Media 

Development of Antibiotic Media 

Ten antimicrobial agents were tested for growth inhibition 

with reference cultures.    These antibiotics,   and sources,   are listed 

in Table II. 

Antibiotics were weighed and dissolved in sterile distilled 

water at concentrations of 1 or 5 mg per ml with the exception of 

penicillin.    The activity of penicillin was based on international 

units (I. U. ) per ml.    Antibiotic solutions were filtered through a 

millipore filter having a pore size of 0. 22 p.. ... Appropriate amoufits 
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Antibiotics Source 1 

Penicillin G.Potassium 

Tylosin Lactate 

Vancomycin Sulfate 

Streptomycin Sulfate 

Chloramphenicol 

Neomycin Sulfate 

Colistin Sulfate 

Terramycin 

Furacin 

Sulfamethazine 

E.   R.   Squibb and Sons 

Eli Lilly and Company 

Eli Lilly and Company 

E.   R.   Squibb and Sons 

Parke-Davis and Company 

Upjohn Company 

Warner-Lambert Research 
Institute 

Charles Pfizer and Company 

The Norwich Pharmacal 
Company 

OSU2 

1 Provided by the courtesy of each respective manufacturer. 

Provided by the courtesy of the Department of Pharmacy, 
Oregon State University,   Corvallis,   Oregon. 
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of the stock solutions were added to molten TPN agar (temperature 

between 45°  and 50°  C),   gently mixed into the agar,   and poured into 

petri plates.     Concentrations of antibiotics are expressed as the 

amount per ml of medium. 

The screening procedure was carried out as follows.    Each 

antibiotic was added to TPN agar in increasing concentrations.     For 

example,   plates containing 5,   15 and 30 |a.g (per ml of medium) of 

tylosin lactate were prepared.     The plates were preincubated at 

29°  C for 48 hours to dry and to also serve as a check for contamina- 

tion.     Reference cultures were then replicated on plates in the order 

of increasing concentration of antibiotic.    After 48 hours of incuba- 

tion at 29°   C,   the presence of growth on plates was recorded.     The 

growth or absence of growth of all reference cultures to various 

concentrations of each antibiotic was determined by this procedure. 

Antibiotic Media Used in the Identification Scheme 

The names,   concentrations,   and abbreviations of antibiotics 

selected and employed for identification purposes are listed in 

Table III.    The abbreviated names of these antibiotics served to both 

identify them and the concentrations at which they were used in the 

identification scheme. 
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Table III.    Selective or differential media used in replica-plating. 

Media in Replication Sequence Cone. /ml. Code 

1. Penicillin G Potassium 

2. Tylosin Lactate 

3. Bacto-S S Agar 

4. Vancomycin Sulfate 

5. Streptomycin Sulfate + 
Chloramphenicol 

6. Bacto-Staphylococcus No.   110 

7. Streptomycin Sulfate 

8. Neomycin Sulfate 

9. Colistin Sulfate (W 1978) 

10.    Bacto-Potato Dextrose Agar 
(pH adjusted to 3. 5) 

3 I. U. PEN 

10 ^g TY 

  SS 

10 jig VAN 

10 fig ea. S-C- 

  110 

10 fig STR 

75 fig NEO 

100 jig CS 

PD 
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Non-Antibiotic Media 

A number of selective or differential media were tested for 

their use in the determinative scheme.    Those tested were Bacto- 

EMB agar (Difco),   Bacto-McConkeys agar (Difco),   Bacto-SS agar 

(Difco),   Bacto-Staphylococcus No.   110 medium (Difco),   and media 

containing various sugars and pH indicators.    Only Bacto-SS agar 

(SS),   Bacto-Staphylococcus No.   110 agar (110),   and Bacto-potato 

dextrose agar (PD) provided useful differential or selective informa- 

tion and -were selected for use in the determinative scheme.    These 

media,   their names and abbreviations,   are also listed in Table III. 

Reference Cultures 

A collection of 31  cultures,   representing those genera com- 

monly encountered in fishery products,   as reported by Liston 

(1960a); MacLean and Welander (I960); Shewan,   Hobbs and Hodgkiss 

(1960b); and Masurovsky,   Voss and Goldblith (1963),   were used to 

determine the value of various media in identification.     The cultures, 

and their respective sources,   are listed in Table IV. 

These cultures were propagated on TPN medium throughout 

the course of this study.     They were transferred at three-week 

intervals to fresh tubed TPN medium,   incubated for 48 hours at 29°   C 

and stored at 6°   C. 
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Table IV.    Reference cultures tested and their growth responses on 
antibiotic media. 

Reference Cultures Source 

Pseudomonas - Type I 
fluorescent sp. 
fluorescent sp. 
P.   fluorescens 
fluorescent sp. 
P.   aeruginosa 

Pseudomonas - Type II 
type sp, 
type sp, 
P.   putrificiens 
type sp, 

Pseudomonas  - Type III 
type sp. 
type  sp. 

Pseudomonas  - Type IV 
type sp, 
type sp. 

NCMB  153 
NCMB 406 

W 2182 

NCMB  133 
NCMB 320 
O 
W 223 

NCMB 225 
NCMB 322 

NCMB  130 
NCMB 334 

1 

Aeromonas formicans 
Aeromonas hydrophila 

NCMB 23 
NCMB 72 

Vibrio  sp. W 371 

Flavobacterium capsulatum ATCC 14666 

Cytophaga sp. 
Cytophaga sp. 

NCMB 257 
W PM 6 

Escherichia coli 
Aerobacter aerogenes 
Proteus vulgaris 

O 
O 
O 
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Table IV.     (continued) 

Reference Cultures Source 

Achromobacter sp. NCMB 131 
Achromobacter sp. NCMB  13Z 

Bacillus subtilis ATCC 9945 
B.   cereus O 
B.  magatherium O 
Bacillus sp. W Z69 

Staphylococcus aureus O 
Sarcina lutea O 
Micrococcus sp. W 217 

National Collection of Marine Bacteria,   Torry Research 
Station,   Aberdeen,   Scotland.    Kindly provided by Dr.   J.   M.   Shewan. 

2 Stock Collection of College of Fisheries,   University of 
Washington,   Seattle.    Kindly provided by Dr.   J.   Listen. 

3 
Oregon State University Collection.    Initially obtained from 

ATCC. 

4 
ATCC:   American Type Culture Collection. 
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Bacterial Nomenclature 

In this study microorganisms were designated by the names 

appearing in Bergey's Manual of Determinative Bacteriology (Breed, 

Murray and Smith,   1957).    However,   in the case of the genus 

Pseudomonas,   and genus Achromobacter,   the designations of Shewan, 

Hobbs and Hodgkiss (1960a) were used. 

Microbial Identification 

Scoring 

Growth and other positive responses were entered as "1" 

under a proper column on a data sheet,    Where two positive 

characteristics were determined from one medium,   a number "2" 

was entered.    The only time this system was needed,   however,   was 

to record the growth and strong acid production by the coliforms on 

SS.    Negative responses were entered as "0. "    The characteristic 

reactions,   coded in this manner and incorporated into the identifica- 

tion scheme,   are listed in Table V. 

Identification:    Computer Analysis 

All data resulting from the characteristics of cultures,   or 

their reactions on media,   were entered on specially designed data 



Table V.     Characteristics used for identification of isolates. 

Identifying Characteristics Medium 1 Positive or Negative Other 

1. Colony growth PEN 
2. Colony growth TY 
3. Colony growth SS 

3a. Colony growth and 
bright pink color of colony 

4. Colony growth VAN 
5. Colony growth S-C 
6. Colony growth 110 

7. Colony growth STR 
8. Colony growth NEO 
9. Colony growth CS 

10. Colony growth PD 

11. Pigmentation - Yellow TPN 
12. Orange 
13. Tan 
14. Water soluble 
15. Fluorescence 
16. Cell morphology - Rod 
17. Coccus 
18. Oval 
19. Gram reaction 

0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 

1 
See Table IX for complete information. 

o 
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sheets (Figure II).    These data sheets served two functions.    That is, 

to efficiently record 19 diagnostic reactions for each of 21 isolates 

per sheet,   and to allow the data,   coded as "1",   "2",   or "0",   to be 

easily read by an operator transferring the data to punch cards. 

Nineteen characteristics of each isolate were punched on one 

data card.     For the hypothetical number of 100 isolates,   100 data 

cards would be encoded. 

The basis of analysis,   utilizing the computer,   was to compare 

the reaction of each isolate to an identification key.     This key was 

converted into "computer language, " or in other words,   a bacterial 

grouping program was set up for the computer.    The process of 

identification of unknown isolates was as follows.     The data cards 

were "fed" into the computer,   whereby the bacterial grouping 

program connpared the data for each isolate to the identification key. 

Each isolate was placed in the appropriate genus or group,   identified 

by its  colony number,   the number of like isolates in a genus or 

group computed,   and their percentages within the total flora 

tabulated. 

Unclassified isolates were grouped under a separate class. 

Most could be identified by further examination because slight 

deviations from the key are not distinguished by the computer. 

Later they could be placed among the ten main taxonomic groups. 



EXPERIMENT: PLATE: DATE: BY: 

MASTER 

COLONY 
NUMBER 

Growth on Selective Media Pigmentation Morphology jram 

D 
FIRST 

D 
LAST 

NO. 
PEN TY SS VAN s-c 110 STR NEO CS PD Y O T WS FL R C OV GR 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 - 
15 
16 
17 
18 
19 
20 
21 

Figure II.    Data sheet. 
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Tests of the Method 

Unknown microbial isolates from frozen dover sole fillets 

and fresh ground beef were examined and identified according to the 

following procedure. 

Ten ml of drip from the frozen-thawed fish or ten grams of 

ground beef were added to 90 ml of sterile 0. 2 percent peptone- 

water   dufliueril  bottles which also contained 20 grams of glass beads. 

After one minute of shaking,   further dilutions were made,   which 

were plated in triplicate by the surface spreading procedure,   on 

dried basal agar plates.     Following incubation for four days,   210 

isolates from the fish drip and 198 isolates from the ground beef 

were found on the respective triplicate sets of plates (at a 

particular dilution).    All colonies were picked from each set of 

plates onto master-plates and replicated.     This experiment was 

conducted to test the proposed scheme. 
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RESULTS AND DISCUSSION 

Responses of Reference Cultures to Antibiotics 

The collection of 31  reference cultures were tested for their 

sensitivity or resistance to penicillin,   terramycin,   streptomycin, 

chloramphenicol,   tylosin,   vancomycin,   neomycin,   colistin,   furacin, 

and sulfamethazine.    The growth responses of the test micro- 

organisms to different concentrations of each antibiotic are presented 

in Tables Via to Vlf.    These tests were conducted to determine the 

optimum concentration of antibiotics to which the sensitivity or 

resistance of ,a given genus could be measured. 

The following relations were observed.     (Concentrations of 

antibiotics are given in   concentration per ml of medium. ) 

Penicillin (Table Via) 

At a concentration of 2. 5 I. U. ,   the Achromobacter species 

and the Gram-positive cocci were inhibited (no colony growth).    All 

other groups were resistant (colony growth).    Penicillin,   at 2. 5 I, U, , 

appears to be of value for the identification of these two groups. 

Tylosin (Table Via) 

Tylosin,   at a concentration of 5 |JLg,   inhibited the Type III and 
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Table Via.    Growth responses of reference cultures on antibiotic media:   Penicillin, Tylosin and 
Chloramphenicol. 

Reference Cultures 
Penicillin   (IU) Tylosin (M-g) Chloramphenicol (|jLg) 
1 2.5        10 5      15    30 5 10 100. 

Pseudomonas sp.  (NCMB 153) + + +          +        +      + + 

Pseudomonas sp.  (NCMB 406) + + +          +        +      + + 
Pseudomonas fluorescens (O) -'+■ + +          +        +      + + 
Pseudomonas sp.  (W 218) + + +          +        +      + + 
Pseudomonas aeruginosa (O) + + 0          +        +      + + 
Pseudomonas sp.  (NCMB 133) + + +          +         +      + + 
Pseudomonas sp.  (NCMB 320) + + +          +        +      + + 
Pseudomonas putrificiens (O) + + +          +        +      + + 
Pseudomonas sp.  (W 223) + + +          +         +      + + 
Pseudomonas sp.  (NCMB 225) + + ++00 tf 
Pseudomonas sp.  (NCMB 322) + + 0          0        0      0 0 
Pseudomonas sp.  (NCMB 130) + + 0          0        0      0 0 
Pseudomonas sp.  (NCMB 334) 0 0 0+00 0 
Aeromonas formicans (NCMB 23) + + 0          +        +      + 0 
Aeromonas hvdrophila (NCMB 72) + + +          +        +      + + 
Vibrio sp.  (W 371) + + ++++ + 
Flavobacterium capsulatum 14666 + + +          +         +      + + 
Cytophaga sp. (NCMB 257) + + +000 0 
Cytophaga sp. (W PM 6) + 0 0         0        0      0 + 
Escherichia coli (O) + + +          +        +      + + 
Aerobacter aerogenes (O) + + +          +         +      + + 
Proteus vulgaris (O) + + +          +        +      + + 
Achromobacter sp.  (NCMB 131) 0 0 0          +         +      0 + 
Achromobacter sp.  (NCMB 132) 0 0 0         +        +      + + 
Bacillus subtilis (ATCC 9945) + + +000 + 
Bacillus cereus (O) + + +000 + 
Bacillus megatherium (O) + + +000 0 
Bacillus sp.  (W 269) + + +000 0 
Staphvlococcus aureus (O) 0 0 0         0        0      0 + 
Sarcina lutea (O) 0 0 0          0        0      0 + 
Micrococcus sp.  (W 217) 0 0 0          0        0      0 0 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
0 

0 

0 

0 

0 

0 

+ 

+ 

0 

0 

+ 

+ 

+ 

0 

0 
+ 

0 

0 
0 

+ 

0 

0 

0 

0 

+ 

0 

+ 

0 

0 

0 

0 

0 

0 

0 
0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
0 

+   Resistant (Colony growth) 
0   Sensitive (No growth) 

See Table IV for the explanation. 

ATCC 
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IV Pseudomonas,   Cytophaga,   Bacillus and the Gram-positive cocci. 

Since the Bacillus species and the Gram-positive cocci were in- 

hibited,   tylosin is suited for separating the Gram-positive from the 

Gram-negative bacteria.    The resistance of the Achromobacter 

species to tylosin suggests a positive identification characteristic 

for this group. 

Chloramphenicol (Table Via) 

Media containing 10 fig of chloramphenicol inhibited the 

Type III and IV Pseudomonas,   Aeromonas,   Cytophaga and 

Achromobacter species.    However,   the growth responses of dif- 

ferent species of the Bacillus and the Gram-positive cocci were 

variable,   limiting the usefulness of this agent for these groups. 

Streptomycin (Table VIb) 

This antibiotic,   at relatively high concentrations (40 (Jig and 

above),   inhibited the growth of the Achromobacter and Bacillus 

species and the Gram-positive cocci; however,   streptomycin was of 

little value at high concentrations because of the variable responses 

of other groups,   specifically the Pseudomonas Type I and II, 

Aeromonas and the coliforms.    At lower concentrations (10 |j.g) the 

Type III and IV Pseudomonas and Achromobacter species could still 

be inhibited.    On the other hand,   Pseudomonas Type I and II, 
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Table VIb.    Growth responses of reference cultures on antibiotic media:   Streptomycin. 

Streptomycin (UK) 
Reference Cultures 5 10 15 20 30 40 50 80 160 

Pseudomona:s sp.  (NCMB 153) + + + + 0 0 0 0 0 

Pseudomonas sp.  (NCMB 406) + + + + + + 0 0 0 

Pseudomonas fluorescens (O) + + + + + + + 0 0 

Pseudomonas sp.  (W 218) + + + + 0 0 0 0 0 

Pseudomonas aeruginosa (O) + + + + + + + 0 0 

Pseudomonas sp.  (NCMB 133) + + + + + + + 0 0 

Pseudomonas sp.  (NCMB 320) + + + + 0 0 0 0 0 

Pseudomonas putrificiens (O) + + + + 0 0 0 0 0 

Pseudomonas sp.  (W 223) + + + + 0 0 0 0 0 

Pseudomonas sp.  (NCMB 225) + 0 0 0 0 0 0 0 0 

Pseudomonas sp.  (NCMB 322) + 0 0 0 0 0 0 0 0 

Pseudomonas sp.  (NCMB 130) + 0 0 0 0 0 0 0 0 

Pseudomonas sp.  (NCMB 334) 0 0 0 0 0 0 0 0 0 

Aeromonas formicans (NCMB 23) + + + 0 0 0 0 0 0 

Aeromonas hvdrophila (NCMB 72) + + + + + + + + 0 

Vibrio sp.  (W 371) 
Flavobacterium capsulatum 14666 

+ + + + + + 0 0 0 

+ + + + + + + + + 

Cvtophaea SP. (NCMB 257) + + 0 0 0 0 0 0 0 

Cytophaga sp.  (W PM 6) + + + + + + 0 0 0 

Escherichia coli (O) + + + + + + + + 0 

Aerobacter aerozenes (O) + + + + + 0 0 + 0 

Proteus vulgaris (O) + + + + + 0 0 0 0 

Achromobacter sp.  (NCMB 131) 0 0 0 0 0 0 0 0 0 

Achromobacter sp.  (NCMB 132) 0 0 0 0 0 0 0 0 0 

Bacillus subtilis (ATCC 9945) + + 0 0 0 0 0 0 0 

Bacillus cereus (O) 0 0 0 0 0 0 0 0 0 

Bacillus meeatherium (O) + 0 + + 0 0 0 0 0 

Bacillus sp.  (W 269) + + 0 0 0 0 0 0 0 

Staphvlococcus aureus (O) + + 0 0 + 0 0 0 0 

Sarcina lutea (O) + + + + + 0 0 0 0 

Micrococcus SP.  (W 217) + + + + + 0 0 0 0 

+   Resistant (Colony growth) 
0   Sensitive (No growth) 

^TCC 
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Aeromonas, Vibrio, Flavobacterium, and Cytophaga species and the 

coliforms were resistant.    The Bacillus species gave variable results. 

Vancomycin (Table Vic) 

Vancomycin,   at a concentration of 10 |j.g,   specifically in- 

hibited the Bacillus species.     No other group was sensitive, indicating 

that vancomycin may be used to detect members of the Bacillus 

species. 

Neomycin (Table Vic) 

At low concentrations (1.0 |J.g),   neomycin inhibited only the 

Achromobacter.    The responses of reference cultures to higher con- 

centrations of neomycin (5-20 (J-g) were variable.    At concentrations 

of 30 |Jig,   the cultural reactions resembled those of tylosin,   chlor- 

amphenicol and streptomycin.    However,   at 50 (J-g,   this antibiotic 

inhibited the Type I and II Pseudonnonas species.     The Aeromonas and 

Vibrio,   and the coliforms were not affected by this medium. 

Colistin (Table VId) 

At low concentrations this antibiotic gave variable results. 

However,   at high concentrations (above 80 ng),   it inhibited the 

growth of all Pseudomonas species,   a group resistant to most anti- 

biotics,   and yet permitted the growth of three out of four Bacillus 
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Table Vic.    Growth responses of reference cultures on antibiotic media: Vancomycin and 
Neomycin. 

Vancomycin ((ig)  Neomycin (|J,g)  
Reference Cultures 1         5      10 20 1 5         10       20 30      50 

Pseudomonas sp.  (NCMB 153)                 +++ + + +         +         + +0 
Pseudomonas sp.  (NCMB 406)                 +++ + + +         +         + +0 
Pseudomonas fluorescens (O)                   +++ + + +         +         + +0 
Pseudomonas sp.  (W 218)                         +++ + + +         +         + +0 
Pseudomonas aeruginosa (O)                    +++ ++'+         +         + + + 
Pseudomonas sp.  (NCMB 133)                 +++ + + +         +         + +0 
Pseudomonas sp.  (NCMB 320)                 +++ + + +         +         + +0 
Pseudomonas putrificiens (O)                  +++ + + +         +         + +0 
Pseudomonas sp.  (W 223)                         +++ + + +         +         + +0 
Pseudomonas sp.  (NCMB 225)                 +++ + + +         00 00 
Pseudomonas sp.  (NCMB 322)                 +++ + + 000 00 
Pseudomonas sp.  (NCMB 130)                 +++ + + +         +         + 00 
Pseudomonas sp.  (NCMB 334)                 +++ + + +         +         + 00 
Aeromonas formicans (NCMB 23)+++ + + +         +         + + + 
Aeromonas hydrophila (NCMB 72)         +         ++ + + +         +         + + + 
Vibrio sp.  (W 371)                                     +++ + + +         +         + + + 
Flavobacterium capsulatum 1466o        +++ + + +         +         + +0 
Cytophaga sp.  (NCMB 257)                     +++ + + +         +         + 00 
Cytophaga sp.  (W PM 6)                          0         0      0 0 + 000 00 
Escherichia coli (O)                                   +++ + + +         +         + + + 

+ + Aerobacter aerogenes (O) +++ +        +        +        + + 
Proteus vulgaris (O) +++ + + + + + + + 
Achromobacter sp.  (NCMB 131) +++ 00000 00 
Achromobacter sp.  (NCMB 132) +++ +0000 00 
Bacillus subtilis (ATCC 9945) 000 0 + + 00 00 
Bacillus cereus (O) +00 0        + 000 00 
Bacillus megatherium (O) 0 0     0 0        0 0        0 0 0 0 
Bacillus sp. (W 269) +00 0        + + + + 00 
Staphylococcus aureus (O) +++ + + 000 00 
Sarcina lutea (O) +++ + + + 00 00 
Micrococcus sp. (W 217) ++0 0        + + 00 00 

+ Resistant (Colony growth) 

0 Sensitive (No growth) 

1ATCC 



50 

Table VId.    Growth responses of reference cultures on antibiotic media:   Colistin. 

Colistin (UK) 
Reference Cultures 1 5 10 15 20 30 35 50 65 80 100 

Pseudomonas sp.  (NCMB 153) + + + + + + + 0 0 0 0 

Pseudomonas sp.  (NCMB 406) + + + + + 0 + + 0 0 0 

Pseudomonas fluorescens (O) + + + + + + + + + + 0 

Pseudomonas sp. (W 218) + + + + + + + + + + + 

Pseudomonas aerueinosa (O) + + + + + 0 + 0 0 0 0 

Pseudomonas sp.  (NCMB 133) + + + + + + + + 0 0 0 

Pseudomonas sp.  (NCMB 320) + + + + + + + + 0 0 0 

Pseudomonas putrificiens (O) + + + + + + + + 0 0 0 

Pseudomonas sp.  (W 223) + + + + + + + + 0 0 0 

Pseudomonas sp. (NCMB 225) + + 0 0 0 0 0 0 0 0 0 

Pseudomonas sp.  (NCMB 322) + + 0 0 0 0 0 0 0 0 0 

Pseudomonas sp.  (NCMB 130) + + + + + 0 + 0 0 0 0 

Pseudomonas sp.  (NCMB 334) + + 0 0 0 0 0 0 0 0 0 

Aeromonas formicans (NCMB 23) + + + + + + + + <0 0 0 

Aeromonas hvdrophila (NCMB 72) + + + + + + + + + + + 

Vibrio sp.  (W 371) 

Flavobacterium capsulatum 14666 

+ + + + + + + 0 0 0 0 

+ + + + + + + + + + + 

Cvtophaea sp.  (NCMB 257) + + + + + + + + + 0 0 

Cvtophaea sp. (W PM 6) + + + + + + + + + + + 

Escherichia coli (O) + + + + + + + + + 0 0 

Aerobacter aerozenes (O) + + + + + + + + + + + 

Proteus vulgaris (O) + + + + + + + + + + + 

Achromobacter sp.  (NCMB 131) + + + + + + 0 0 0 0 0 

Achromobacter sp.  (NCMB 132) + + + + + + 0 0 0 0 0 

Bacillus subtilis (ATCC 9945) + + + + + + + + + + + 

Bacillus cereus (O) + + + + + + + + + + + 

Bacillus meeatherium (O) + + + 0 0 0 0 0 0 0 0 

Bacillus sp.  (W 269) + + + + + + + + + + + 

Staphvlococcus aureus (O) + + + + + + + + + + + 

Sarcina lute a (O) + + + + + + + + + 0 0 

Micrococcus sp.  (W 217) + + + + + + + + + + + 

+ Resistant (Colony growth) 

0 Sensitive (No growth) 

^TCC 
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species and two out of three of the Gram-positive micrococci.    This 

is in contrast to the general observation that the Bacillus and Gram- 

positive micrococci are normally quite sensitive to antibiotics. 

Terramycin,   Furacin and Sulfamethazine (Tables Vie and Vlf) 

These antimicrobial agents all were judged unsuitable.    The 

reference cultures showed extensive species variation with regard 

to sensitivity or resistance to terramycin and furacin.     Terramycin, 

although inhibitory to all Pseudomonas species at 50 (Jig,   also in- 

hibited all other groups. 

Sulfamethazine,   tested for general use and also as a specific 

inhibitor of Proteus species (Smith and Baird-Parker,   1964),   was 

judged unsuitable for this purpose.    However,   at 30 fig,   it inhibited 

the spreading of Proteus vulgaris and therefore may be of value in 

the identification of "spreaders. " 

Combinations of Antibiotics (Table Vie) 

The combination of 10 (ag streptomycin with 10 |JLg chlor- 

amphenicol had the unique effect of inhibiting all cultures except 

the Type I Pseudomonas species,   three out of four of the Type II 

Pseudomonas species,   and the Vibrio species- The coliforms were 

not inhibited. 
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Table Vie.    Growth responses of reference cultures on antibiotic media:   Streptomycin- 
Chloramphenicol, Penicillin-Chloramphenicol and Sulfamethazine. 

Str.  10(JLg Pen.  2. 5 IU Sulfameth azine iV-K) 
Reference Cultures Chi.  lO^g Chi.  lO^g 5 15 30 50 

Pseudomonas sp. (NCMB 153) + + + + + + 
Pseudomonas sp.  (NCMB 406) + + + + + + 
Pseudomonas fluorescens (O) + + + + + + 
Pseudomonas sp.  (W 218) + + + + + + 

Pseudomonas aeruginosa (O) + + + + + + 
Pseudomonas sp.  (NCMB 133) + + + + + + 
Pseudomonas sp.  (NCMB 320) + + + + + + 
Pseudomonas putrificiens (O) 0 0 + + + + 

Pseudomonas sp. (W 223) + + + + + + 

Pseudomonas sp.  (NCMB 225) 0 0 + + + + 

Pseudomonas sp.  (NCMB 322) 0 0 + + + + 
Pseudomonas sp. (NCMB 130) 0 0 + + + + 

Pseudomonas sp. (NCMB 334) 0 0 + + + + 

Aeromonas formicans (NCMB 23) 0 0 + + + + 

Aeromonas hvdrophila (NCMB 72) 0 + + + + + 

Vibrio sp.  (W 371) 
Flavobacterium capsulatum 14666 

+ + + + + + 
0 0 + + + + 

Cvtophaea sp. (NCMB 257) 0 0 + + + + 

Cytophaea sp. (W PM 6) 0 0 + + + + 
Escherichia coli (O) 0 + + + + + 
Aerobacter aerogenes (O) 0 + + + + + 

Proteus vulearis (O) 0 0 + + + + 

Achromobacter sp.  (NCMB 131) 0 + + + + + 
Achromobacter sp.  (NCMB 132) 0 0 + + + + 

Bacillus subtilis (ATCC 9945) 0 0 + + + + 

Bacillus cereus (O) 0 0 + + + + 
Bacillus mezatherium (O) 0 0 + + + + 
Bacillus sp.  (W 269) 0 0 + + + + 
Staphvlococcus aureus (O) 0 0 + + + + 
Sarcina lutea (O) 0 0 + + + + 

Micrococcus sp. (W 217) 0 0 + + + + 

+ Resistant (Colony growth) 

0 Sensitive (No growth) 

^TCC 
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Table Vlf.    Growth responses of reference cultures on antibiotic media:   Terramycin and Furacin. 

Terramycin 

1       2.5     5 
(fJ-Kl 

10 

1 

50 

Furacin (u. K) 

Reference Cultures 1 5 10 20 30 50 

Pseudomonas sp.  (NCMB 153) + + + 0 0 + + + + + + 

Pseudomonas sp.  (NCMB 406) + + 0 0 0 + + + + + + 

Pseudomonas fluorescens (O) + + + + 0 + + + + + + 

Pseudomonas SP.  (W 218) + + + 0 0 + + + + + + 

Pseudomonas aeruzinosa (O) + + + + 0 + + + + + + 

Pseudomonas sp.  (NCMB 133) + + 0 0 0 + + + + + + 

Pseudomonas sp.  (NCMB 320) + + 0 0 0 + + + + + + 

Pseudomonas putrificiens (O) + + + 0 0 + + + + 0 0 

Pseudomonas sp.  (W 223) + + + + 0 + + + + + + 

Pseudomonas sp.  (NCMB 225) 0 0 0 0 0 + 0 0 0 0 0 

Pseudomonas sp.  (NCMB 322) 0 0 0 0 0 + 0 0 0 0 0 

Pseudomonas sp.  (NCMB 130) 0 0 0 0 0 + 0 0 0 0 0 

Pseudomonas sp.  (NCMB 334) + 0 0 0 0 + + 0 0 0 0 

Aeromonas formicans (NCMB 23) + 0 0 0 0 + + + + + 0 

Aeromonas hvdrophila (NCMB 72) + + 0 0 0 + + + + + 0 

Vibrio sp.  (W 371) 

Flavobacterium capsulatum 14666 

+ + + 0 0 + + + + + 0 

0 0 0 0 0 + + + + + 0 

Cvtophaea sp.  (NCMB 257) 0 0 0 0 0 + + 0 0 0 0 

Cytophasa sp.  (W PM 6) + + + 0 0 + + + + + 0 

Escherichia coli (O) + + + 0 0 + + + + + 0 

Aerobacter aeroeenes (O) + 0 + 0 0 + + + + + 0 

Proteus vulgaris (O) + + + + + + + + + + + 

Achromobacter sp.  (NCMB 131) + + 0 0 0 + + + + + + 

Achromobacter sp.  (NCMB 132) + + + 0 0 + + + + + 0 

Bacillus subtilis (ATCC 9945) + + + + 0 + + + 0 0 0 

Bacillus cereus (O) + 0 0 0 0 + + + + 0 0 

Bacillus megatherium (O) 0 0 0 0 0 + + + 0 0 0 

Bacillus sp.  (W 269) + + 0 0 0 + + + + 0 0 

Staphvlococcus aureus (O) + + 0 0 0 + + + + 0 0 

Sarcina lutea (O) + + 0 0 0 + + + + + + 

Micrococcus sp. (W 217) + + 0 0 0 + + + + + + 

+ Resistant (Colony growth) 

0 Sensitive (No growth) 

^TCC 
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Penicillin in combination with chloramphenicol did not have 

this  specificity. 

Selection of Antibiotics for Microbial Identification Purposes 

Nine antibiotics ■were chosen for use in an identification 

scheme.     These antibiotics and the concentration at which each gave 

the best differentiation of groups,   are summarized in Table VII. 

Terramycin (5 \ig),   chloramphenicol (10 |a.g),   and furacin (50 jig) 

were eliminated.    All three were similar in their effect on reference 

cultures and could be replaced by streptomycin,   which had the same 

general reaction and was more specific. 

Penicillin (3 I. U. ),   tylosin (10 |J.g),   vancomycin ( 10 (xg), 

streptomycin in combination with chloramphenicol (10 ng of each), 

streptomycin (10 \ig),   neomycin (75 |j.g) and colistin (100 [ig) were 

included in the identification scheme. 

Responses of Reference Cultures to Other Media 

Salmonella-Shigella Medium (SS) 

SS medium was valuable because Escherichia coli and 

Aerobacter aerogenes grew on it,   producing bright pink colonies. 

This was especially true of E.   coli,   which produced a very bright 

pink color.     This medium was also of value for the identification of 
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Table VII.    Resistance or sensitivity of reference cultures to specific concentrations of antibiotics. 

Reference Cultures 
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R S S s s s S S S S 
R S S s s s R S S S 
S S R s s s R S S S 
S S R s s s S S S R 
S S S s s s R S S R 

Pseudomonas sp.  (NCMB 153) 
Pseudomonas sp. (NCMB 406) 
Pseudomonas fluorescens (O) 
Pseudomonas sp.  (W 218) 
Pseudomonas aeruginosa (O) 
Pseudomonas sp. (NCMB 133) 
Pseudomonas sp.  (NCMB 320) 
Pseudomonas putrificiens (O) 
Pseudomonas sp. (W 223) 
Pseudomonas sp.  (NCMB 225) 
Pseudomonas sp.  (NCMB 322) 
Pseudomonas sp. (NCMB 130) 
Pseudomonas sp. (NCMB 334) 
Aeromonas formicans (NCMB 23) 
Aeromonas hydrophila (NCMB 72) 
Vibrio sp. (W 371) 
Flavobacterium capsulatum 14666 
Cytophaga sp. (NCMB 257) 
Cytophaga sp.  (W PM 6) 
Escherichia coli (O) 
Aerobacter aerogenes (O) 
Proteus vulgaris (O) 
Achromobacter sp.  (NCMB 131) 
Achromobacter SP-  (NCMB 132) 
Bacillus subtilis (ATCC 9945) 
Bacillus cereus (O) 
Bacillus megatherium (O) 
Bacillus sp.  (W 269) 
Staphvlococcus aureus (O) 
Sarcina lute a (O) 
Micrococcus sp.  (W 217) 

R - Resistant to antibiotic; growth on medium containing antibiotic. 

S  - Sensitive to antibiotic; no growth on medium containing antibiotic. 
1ATCC 
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Pseudomonas,   Types I and II.     The Pseudomonas Type I strains 

consistently grew and one-half of the Type II strains examined grew 

on this medium,   both giving yellow colonies.    Pseudomonas Types III 

and IV,   as well as all other microorganisms tested,   did not grow on 

this medium. 

Staphlococcus Medium No.   110 (110) 

Staphylococcus Medium No.   110 was used as a selective 

medium for Staphylococcus,   Sarcina,   Micrococci and Achromobacter 

species.    This medium was particularly valuable for separating the 

Achromobacter from the rest of the Gram-negative asporogenous 

rods.    Occasionally,   a Bacillus isolate would grow on this medium. 

This phenomenon was reported by Smuckler and Appleman (1964). 

Potato Dextrose Agar-Acidified (PD) 

Potato dextrose agar, acidified to pH 3. 5 with lactic acid, 

differentiated yeasts from bacteria. Yeast colonies grew readily 

on this medium,   whereas bacteria were inhibited. 

Construction of an Identification Scheme 

The requirements for the identification scheme were that it 

be specific enough to separate and identify the ten major microbial 

groups -without exceeding a maximum of ten differential or selective 
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media. 

After a period of preliminary testing with reference cultures 

(Tables Villa and VHIb),   ten media were chosen,   composed of both 

antibiotic and other selective or differential media.    These media, 

the concentration of selective agents used in some of them,   and 

coded abbreviations are given in Table III. 

The responses of the reference cultures,   at the genus level, 

on ten selective or differential media are illustrated in Table IXa., 

The Pseudomonas Type I (pigmented),   Pseudomonas Types 11;  III 

and IV (all non-pigmented),   Achromobacter,   Bacillus,   Gram- 

positive micrococci,   coliform group,   and the yeasts all may be 

identified primarily by their growth or lack of growth on these 

selective or differential media. 

Secondary determinative characteristics,   such as colony 

pigmentation,   cell morphology and Gram-stain reaction,   were also 

incorporated into the identification scheme (Table IXb).     These 

secondary characteristics were very helpful for the identification of 

the Flavobacterium species,   Bacillus species and the Gram-positive 

cocci group. 

The  19 combined determinative characteristics illustrated 

in Tables IXa and IXb,   were the basis for the identification scheme 

for the ten microbial groups. 
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Table Villa.    Responses of reference cultures to selective or differential media as tested at one- 
month intervals. 

Number Tests Showing Growth 
Reference Cultures PEN TY SS VAN S-C 110 STR NEO CS PD 

4 4 4 4 4 0 3 0 0 0 
4 4 4 4 4 0 4 0 1 0 
4 4 4 4 4 0 4 0 0 0 
4 4 4 4 4 0 3 0 4 0 
4 4 4 4 4 0 3 3 0 0 
4 4 4 4 4 0 4 0 0 0 
4 4 0 4 0 0 1 0 0 0 
4 4 0 4 0 0 1 0 0 0 
4 4 0 4 2 0 3 0 0 0 
3 0 0 4 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 0 
2 0 0 2 0 0 0 0 0 0 
4 0 0 4 0 0 0 0 0 0 
4 4 4 4 0 0 2 0 0 0 
4 4 4 4 0 0 3 0 4 0 

Pseudomonas sp. (NCMB 153) 
Pseudomonas sp.  (NCMB 406) 
Pseudomonas fluorescens (O) 
Pseudomonas sp. (W 218) 
Pseudomonas aeruginosa (O) 
Pseudomonas sp. (NCMB 133) 
Pseudomonas sp. (NCMB 320) 
Pseudomonas putrificiens (O) 
Pseudomonas sp.  (W 223) 
Pseudomonas sp.  (NCMB 225) 
Pseudomonas sp. (NCMB 322) 
Pseudomonas sp. (NCMB 130) 
Pseudomonas sp.  (NCMB 334) 
Aeromonas formicans (NCMB 23) 
Aeromonas hvdrophila (NCMB 72) 

Note:   Antibiotic stocks and media were freshly prepared.    Cultures had been maintained on TPN 
and transferred once between each test.    Numbers indicate the instance of growth out of 
four tests- 
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Table VJIIb.    Responses of reference cultures to selective or differential media as tested at one- 
month intervals. 

Number Tests Showing Growth 
Reference Cultures PEN TY SS VAN S-C 110 STR NEO CS PD 

Vibrio sp. (W 371) 4 4 0 4 3 0 4 1 0 0 
Flavobacterium capsulatum 14666 4 4 0 4 0 0 4 0 4 0 
Cvtophaea sp.  (NCMB 257) 0 0 0 2 0 0 0 2 0 0 
Cvtophaga sp.  (W PM 6) 0 0 0 0 0 0 0 0 4 0 
Escherichia coli (O) 4 4 4 4 0 0 3 1 0 0 
Aerobacter aerogenes (O) 4 4 4 4 0 0 0 0 0 0 
Achromobacter sp.  (NCMB 131) 3 4 0 1 0 4 0 0 0 0 
Achromobacter sp.  (NCMB 132) 4 4 0 3 0 4 0 0 0 0 
Bacillus subtilis (ATCC 9945) 3 0 0 0 0 0 0 0 2 0 
Bacillus cereus (O) 4 0 0 0 0 0 0 0 4 0 
Bacillus meKatherium (O) 1 0 0 0 0 0 0 0 0 0 
Bacillus sp.  (W 269) 4 0 0 0 0 0 0 0 4 0 
Staphvlococcus aureus (O) 0 0 0 2 0 4 0 0 4 0 
Sarcina lute a (O) 0 0 0 3 0 4 0 0 0 0 

Micrococcus sp.  (W 217) 0 0 0 0 0 4 0 0 4 0 
Burgandy Yeast 4 4 0 4 4 0 4 4 4 4 
Champagne Yeast 4 4 0 4 4 0 4 4 4 4 

Note:   Antibiotic stocks and media were freshly prepared.    Cultvires had been maintained on TPN 
and transferred once between each test.    Numbers indicate the instance of growth out of 
four tests. 

1ATCC 
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Table IXa.    Primary selective or differential responses of 
reference microorganisms. 

Microorganisms Qommonly 
Encountered in Seafoods 

W 
■z 

K! 

en < 
> 
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w 
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Coliforms ^B ^ 

Pseudomonas - Type I sp. 

Aeromonas sp. 
^ 

Pseudomonas - Type II sp. 
^ 

Vibrio sp. H warn m ■ Flavobacterium sp. mimz ■ 
Achromobacter sp. m m m 
PsbudomOnas - Type III sp. 

Pseudomonas - Type IV sp. 

Bacillus sp. H 
Cytophaga sp. 

Gram-positive cocci 
% 

ffl 

w Yeasts 
^ 

Resistant (Colony growth) 

Sen sitive (No growth) 

Variable (Variable among species in a genus) 

Escherichia coli and Aerobacter aerogenes exhibit bright 
pink colored colonies on SS agar. 
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Table IXb.    Secondary responses of reference microorganisms. 

Pigment 
Cell 

Morphology 
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Coliforms ■ 1 Pseudomonas - Type I sp. ■ 
Aeromonas sp. 

Pseudomonas  - Type II sp. 

Vibrio sp. ■ Flavobacterium sp. ^■j 
Achromobacter sp. ■   ■ 
Pseudomonas - Type III sp. I Pseudomonas  - Type IV sp. 

Bacillus sp. 

1 
■ 

Cytophaga sp. 1 Gram-positive cocci 
1 

■ 
Yeasts W/ 

Positive characteristic. 

Negative   characteristic. 

Variable characteristic. 
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Tests of Identification Reactions for Consistency 

Growth responses of reference cultures were found to be 

consistent on the antibiotic and other media used in the identification 

scheme (Tables Villa and VHIb).    Each experiment was conducted 

one month apart (e. g. ,   October,   November,   December and January). 

All media were freshly prepared.    In addition,   the stock cultures 

had been transferred routinely after each experiment. 

When the master-plates -were inoculated with pure cultures, 

incubated and replicated on the selective or differential media, 

daughter colonies gave the expected results.    No variation was found 

among experiments. 

Computer Analysis and Programming the Scheme 

In order to utilize the computer as a tool for rapid analysis 

of data,   the  19 possible responses of cultures were coded into "1", 

"2",   or "0",   as previously described.    The primary and secondary 

responses,   utilized in the identification scheme,   are given in 

Table V.     It will be noted that identification characteristics are very 

simple; e.g.,   growth or no growth,   pigmentation,   and cell morphol- 

ogy.    The only part of the scheme which demanded interpretation was 

staining.     The Kopeloff procedure (Society of American 

Bacteriologist,   1957),   for the Gram-stain gave consistent results. 
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The identification scheme,   in its finished form,   is presented 

in Table X.    Although this scheme conforms,   for the most part,   to 

the requirements in Tables IXa and IXb,   several alterations are 

present.     In addition,   a new group,   the Gram-positive pigmented 

rods,   has been added.    These modifications were mt.de following 

the testing of the scheme with unknown isolates. 

This scheme (identification key) was programmed to search 

out and identify unknowns according to the reactions,   utilizing the 

IBM 1410 electronic computer. 

Test of the Scheme with Unknowns 

The validity of the scheme was tested by analyzing unknown 

isolates; 210 from dover sole fillets and 198 from fresh ground beef. 

The numbers of microorganisms tested,   their reactions to selective 

or differential media,   and their identities are given in Tables XIa 

and Xlb. 

It will be noted that there are many different combinations of 

the primary reactions.    Since the key utilized only selected 

characteristics (e. g. ,   for the coliforms;    growth on PEN,   TY,   SS, 

VAN,   pink colony color on SS,   and Gram-negative rods),   the 

reactions on other media were meaningless.    The flora of the dover 

sole analyzed by this method was typical of fresh fish (Shewan and 

Hobbs,    1965),   and flora of the ground beef was similar to that 



Table X.    Key for microbial identification. 

PEN TY SS VAN s-c 110 STR NEO CS PD Y o1 
T WS FL R c2 

OV GR 

1. Coliforms 1 1 2 1 0 0 0 0 0 0 0 1 0 0 0 

2. Pseudomonas Type I 1 1 1 1 1 0 0 
0 

0 
0 

0 
0 

0 
0 

1 
1 

1 
1 

1 
1 

0 
0 

0 
0 

0 
0 

3. Pseudomonas Type II 1 1 1 0 0 0 0 0 0 0 1 0 0 0 

4. Pseudomonas Types III & IV 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 

5. Achromobacter 1 0 1 0 1 0 0 0 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 1 0 0 0 0 0 0 0 0 0 0 0 1 0 

0 0 0 0 0 0 0 0 0 0 1 0 

6. Flavobacterium 0 0 0 1 0 0 0 0 1 0 0 0 

0 0 0 0 1 0 0 0 1 0 0 0 

0 0 0 0 0 1 0 0 1 0 0 0 

7. Bacillus 00 00 0 00000010 

8. Gram-positive pigmented rods 

9. Micrococcus 

10.    Yeasts 1 

Pigmentation:   Y - yellow, O - orange,  T - tan, WS - water soluble pigments,  and FL - U. V.  fluorescence. 

0 0 0 0 0 0 1 0 0 0 0 1 0 0 1 

0 0 0 0 0 0 0 1 0 0 0 1 0 0 1 

0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 0 1 

0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 0 1 

0 0 0 0 1 0 0 0 0 1 0 0 0 0 1 0 1 

2 o 
Morphology (after Gram -stain):   R - rod, C - coccus, OV - oval or stout rod,  and GR -Gram-reaction. j^- 
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Table XIa.    Microbial flora analysis of drip from dover sole fillets. 

Coliforms 

Primary Reactions 
r 

•B H  w w  3 c/) goo 3 3 0 
H  w  c/i * o 

Percent 
in Total 

Microorganisms Number ....' Secondary Characteristics Flora 

Pseudomonas 
Type I 111 110 111 4 

111 110 101 115 Green, diffusible 
111 110 100 22 U. V.  fluorescent pigments 
111 110 001 6 Gram-negative rods 
111 110 000 1 
110 110 100 1 

Total:! 49 71.0 

Type II 111 110 110 1 
111 110 101 22 
111 110 100 4 
111 no 000 1 
111 100 100 1 Non-pi gmented, 
110 110 111 1 Gram-negative rods 
no 110 000 1 
110 100 110 2 
110 100 100 1 
110 100 001 2 
110 100 000 

Total 
2 

38 18.1 
112       111 000 
112       100 100 
112       100 000 

Total:    4 

2        Non-pigmented 
1        Gram-negative rods 
1 

1.9 
Achromobacter 110        101 000 

Total: 5 
Flavobacterium 110 110 111 2 

no no 101 1 
110 100 000 1 
110 100 001 1 
110 100 000 3 
110 no 111 3 
100 110 111 1 

Non-pigmented Gram- 
negative oval or stout 
rods (or mixtures) 

Yellow-pigmented 
Gram-negative rods 

Orange -pigmented 
Gram-negative rods 

2.4 

Total: 12 5.6 

Bacillus 100 000 101 1 Non-pigmented 
Gram-positive rods 

Total: 1 0.5 

Unidentified HI 101 000 
Total: 

1 
1 

0.5 

Total: 210 

Notes:   (1)   Total count:   8.9x10   microorganisms per ml of drip. 
(2)   Definitions:   Growth on a medium - "1"; No growth on a medium 

colony on SS - "2". 
"0"; Bright pink 
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Table Xlb.    Microbial flora malysis of fresh ground beef 

Primary Reactions 
•n 1-1  f w 3 <» <  ? In o 

en z n 
"H  tn  en 
JO  O 

Percent 
in Total 

Microorganisms Number Secondary Characteristics Flora 

Pseudomonas 
Type I 111 110 101 3 Green, diffusible 

111 110 100 2 U. V.  fluorescent pigment. 
111 110 000 

Total: 
_3 

8 
Gram-negative rods 

4.1 
Type II 111 no 101 3 Non-pigmented 

111 110 100 7 Gram-negative rods 
111 no 000 

Total: 
7 

17 8.6 
Achromobacter no 101 100 9 Non-pigmented Gram- 

110 101 000 9 negative stout or oval 
010 101 100 29 rods (or mixtures) 
010 101 000 89 
010 001 100 3 
010 001 000 1 
000 101 100 4 
000 101 000 2 
000 100 000 1 

Total: 147 74.3 
Bacillus 000 000 100 5 Non-pigmented 

Gram-positive rods 
Total: 5 2.5 

Micrococcus 000 001 000 1 
1 

18 

Orange pigmented 
Yellow pigmented 
Colorless pigmented 

000 101 000 1 Orange pigmented 
Clusters of cocci 
Gram-positive Total: 21 10.1 

Total:198 

Note:   (1)   Total count:   1.6x10   microorganisms per gram of meat. 
(2)   Definitions:   Growth on a medium - "1"; No growth on a medium "0" 
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reported for fresh meats (Ayres,   1963). 

The majority of isolates could be classified according to the 

criteria of the identification key,   although a small number of isolates 

sometimes did not grow on one of the key media.     For example,   an 

"atypical" Pseudomonas (Type I) isolate did not grow on SS,   but was 

identified by its growth on PEN,   TY,   VAN,   and S-C,   as well as by 

its fluorescent diffusible pigment.    The identification of "atypical" 

Achromobacter isolates,   which did not grow on either TY,   VAN,   or 

110,   was made possible by their characteristic Gram-negative 

reaction and cell morphology described by Shewan,   Hobbs and 

Hodgkiss (1960a). 

Discussion of Microbial Genera or Groups 

in Regard to Identification 

A detailed analysis of each microbial genus or group,   which 

may occur in fishery products,   may now be undertaken by utilizing 

the identification scheme. 

This identification scheme was prepared according to the 

primary and secondary responses of reference cultures to the test 

media,   the information obtained during the identification of unknown 

isolates from fresh fish and ground beef,   and the taxonomic studies 

reported in the literature for microorganisms occurring in fish, 

poultry and meat. 
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Pseudomonas 

The pigmented Pseudomonas Type I species were distin- 

guished by their growth on PEN,   TY,   SS,   VAN,   andS-C.    Resistance 

of this group to penicillin (2. 5 I. U. ),   and streptomycin (85 (J-g),   was 

reported by Shewan,   Hodgkiss and Listen (1954).    However,   the 

Pseudomonas species generally appeared to be less resistant to 

streptomycin than reported by the above authors.     This may be due, 

however,   to the difference in the testing procedures.    The presence 

of diffusible fluorescent pigment and the microscopic identification 

of Gram-negative rods were secondary characteristics.    This group 

usually grew on media containing 1 0 |a.g of streptomycin (STR) or 

100 ng of colistin sulfate (CS),   however,   these last two reactions 

appear to vary with different strains. 

Pseudomonas Type II species were identified by their growth 

on PEN,   TY,   and VAN and their lack of diffusible fluorescent pig- 

ment.     About one-half of this group grew on SS and S-C,   indicating 

its close relation to Pseudomonas Type I.    Pseudomonas Types III 

and IV species,   few of which have been encountered in fishery 

products or in ground beef,   were sensitive to most test media 

except PEN.     Their main characteristic was that they were Gram- 

negative,   non-pigmented rods which did not fall into any other 

group.     They were excluded from the coliforms by the lack of growth 
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on SS,   from the Flavobacterium species by not producing pigments, 

and from other groups by their morphology and Gram-reaction. 

Achromobacter 

Members of the genus Achromobacter,   sometimes referred 

to as the Achromobacter-Alcaligenes group (Thornley,   1963),   were 

identified by their growth on TY,   VAN,   and particularly on 110.    It 

is the latter medium which separates these microorganisms from 

the other Gram-negative rods.    In addition,   growth never occurred 

on SS,   S-C,   neomycin (NEO) or CS.    Their characteristic cocco- 

bacillary cell morphology was also a significant factor in their 

identification,   particularly for isolates which gave "atypical" 

reactions on test media.    PEN was not used for this genus as a 

means of identification because of variable results noted with 

isolates from fish and meat.    Thornley (1963),   reported that some 

strains of Achromobacter,   isolated from fresh chicken meat,   were 

resistant to 2. 5 I. U.  penicillin.     Ten percent were resistant and 

sensitivity ranged from 0, 5 to 50 I. U.  per ml.    A penicillin con- 

centration of 3. 0 I. U. ,   used in the identification scheme (Table IXa), 

appeared to be at the threshold level.    Perhaps a higher concentra- 

tion of penicillin would have created a "cut off" between the 

Pseudomonas and Achromobacter achieved by Shewan,   Hodgkiss and 

Liston (1954). 
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Coliforms 

The primary characteristic of this group,   referring mainly 

to E.   coli and A.   aerogenes,   as mentioned previously,   was the 

production of a bright pink colored colony on SS.    The same reaction 

on McConkeys agar was suggested for the identification of this 

group by Thornley and Barnes (1965).    Although SS was expected to 

inhibit the Escherichia and Aerobacter species,   no inhibition was 

observed on this medium.     The microscopic detection of Gram- 

negative rods,   as well as the ability of an unknown to grow on PEN, 

TY and VAN,   further serves to identify coliforms. 

It is desirable to investigate isolates falling into this group 

further by the standard coliform tests (Lewis and Angelotti, 1964) 

because of their public health significance. 

Flavobacterium 

Two characteristics distinguish members of the genus 

Flavobacterium from other genera or groups.     The first is the 

typical orange,   yellow,   or tan pigmentation,   which is not soluble 

in the medium,   and the second the Gram-negative rod cellular 

morphology (Breed,   Murray,   and Smith,   1957).   All isolates 

meeting these two requirements were placed in this group. 

Cytophaga,   however,   may also be classed as Flavobacterium by the 



71 

same characteristics.    Hayes (1963) found that the Flavobacterium 

and the Cytophaga had many properties in common. 

Flavobacterium capsulatum (ATCC 14666) grew well on PEN, 

TY,   VAN,   STR,   and CS.     Contrary to this,   the two marine forms of 

Cytophaga examined did not grow on any antibiotics plates except on 

VAN.    Those isolates identified as Fla voba cte rium species from dover 

sole (Table Xla) were resistant to many of the same antibiotics as 

F.   capsulatum.    In another flora analysis of fish,   of 44 isolates 

identified as Flavobacterium,   20 were resistant to the same anti- 

biotics and 24 were not.     This may indicate that the genus 

Flavobacterium is a heterogeneous group (Floodgate andHayes,   1963), 

or that the sensitive isolates might have belonged to the genus 

Cytophaga. 

Aeromonas and Vibrio 

Identification of the genera Aeromonas and Vibrio was not 

attempted by this scheme.     The main difficulty was in distinguishing 

these two groups from each other and also from the Pseudomonas 

Type II species.     The limited experimental evidence indicated that 

strains of Aeromonas have nearly the same antibiotic reactions as 

strains of Vibrio.    This similarity was reported by Torry Research 

Station (Great Britain,   1962) where the investigators found no 

differences between Aeromonas and Vibrio species in sensitivity 
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to a series of 11 antibiotics. 

The difficulty of identifying Aeromonas or Vibrio by the 

scheme also appears to be due to the close relationship of both 

Aeromonas and Vibrio to  Pseudomonas species,   reported by 

Colwell and Mandell (1964).    They examined these groups by both 

Adansonian analysis and by the comparison of desoxyribonucleic 

acid base ratios. 

Aeromonas and Vibrio species were seldom encountered in 

processed fishery products by Shewan and Hobbs (1965).     They 

would probably have been identified as Pseudomonas Type II by the 

present scheme. 

Bacillus,   "Coryneforms" and Gram-Positive Pigmented Rods 

The Bacillus species,   in the reference cultures,   were 

found to be the only Gram-positive rods -which did not grow on VAN. 

Their sensitivity to the other media,   with the exception of PEN 

(which -was variable) and CS,   their characteristic morphology,   and 

Gram-positive staining reaction,   -were primary factors in 

identification. 

In later experiments with fresh fish,   smaller non-chromo- 

genic Gram-positive,   rod-shaped organisms exhibiting barred, 

branched and "Chinese-letter shapes, " were isolated.    These did 

not grow on any antibiotic  plates,    including   VAN.    Another group 
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encountered in this sample were orange and yellow pigmented,   Gram- 

positive pleomorphic rods.     These also had barred,   branched and 

"Chinese-letter shaped" morphology.    Both of these groups may re- 

present the mesophilic "coryneform" group discussed by Shewan and 

Hobbs (1965).    All these groups were catalase positive. 

Gram-Positive Cocci 

The Gram-positive cocci were separated from other groups 

mainly by their growth on 11 0 and characteristic cell morphology. 

They were notably sensitive to PEN and most other test media,   with 

the exception of CS.    Most cocci isolated grew on CS. 

Cultures,   identified by staining as Staphylococcus,   may be 

further tested on 110 for mannitol fermentation and coagulase 

activity.     The positive responses -would identify entero-toxigenic 

staphylococci.    A confirmatory test for the staphylococci,   consisting 

of the tube coagulase test (McDivitt and Jerome,   1965),   may also be 

necessary. 

Yeasts 

PD,   which was acidified to pH 3. 5,   permitted the growth of 

yeasts,   but not bacteria.     This medium was very useful for this 

purpose and the presence of yeasts may be confirmed by microscopic 

examination.     No attempt was made to further classify yeasts in 
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this study. 

Qualifications of the Identification Method 

This identification method -was designed for the primary 

identification of bacteria in seafoods.    Its adaptability for the exam- 

ination of other foods has been demonstrated by the study of the 

microbial isolates from ground beef.    However,   the selective or 

differential media of the identification scheme,   may have to be 

altered for the study of other foods.    There may be other groups of 

microorganisms that are present in significant members in some 

foods that are not included in the ten major microbial groups of the 

identification scheme for fishery products.     The use of the replica- 

plating technique and the electronic computer,   however,   could be 

utilized unaltered. 

Differentiation at the species level was not attempted in this 

study.     The identification of species is not precise (Shewan and 

Hobbs,   1965).     The taxonomic position of genera,   on the other hand, 

is relatively -well founded,   particularly since the emergence of 

numerical taxonomy. 
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SUMMARY AND CONCLUSIONS 

A method was developed for the purpose of rapidly identifying 

large numbers of microbial isolates from fisheries products.     This 

method consists of three integral parts. 

1. An identification scheme which identified ten major microbial 

groups reported to be present in fresh fisheries products.    These 

groups were identified by (a) their growth responses on ten solid 

agar selective or differential media and (b) their colony pigmen- 

tation,   cell morphology,   and Gram-stain reaction. 

2. Two techniques which permit rapid picking and transfer of large 

numbers of cultures.     These were (a) the use of sterile,   dis- 

posable toothpicks to transfer colonies from primary isolation 

plates to master plates and (b) a modified version of the replica- 

plating technique permitting the imprinting of large numbers of 

colonies growing on master plates to a series of selective or 

differential media. 

3. The use of the electronic computer for the rapid analysis of 

data and sorting of isolates into identifiable microbial groups. 

For each isolate,   simple growth,   no growth reactions on the 

selective media were recorded and the information was con- 

verted into a computer code.    A programmed identification key 

identified each isolate,   grouping them to the genus or group 
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level,   tabulated the numbers of each group,   and calculated 

the percentages. 

The groups identified by the key were the Pseudomonas 

(Types I,   II and III-IV group),   coliforms,   Achromobacter, 

Flavobacterium,   and Bacillus genera,   the Gram-positive cocci 

group,   and the Gram-positive pigmented rod group.    The yeasts 

were differentiated from the bacteria,   but were not identified 

further, 

The ability to analyze up to 300 isolates per sample re- 

presents a ten-fold increase in number over existing methods.    All 

colonies present on countable isolation plates may be identified, 

thereby eliminating the biased and tedious selection of a small 

number of isolates earmarked for identification.    The ability to 

identify all isolates from a sample makes the quantitative analysis 

of the respective microbial groups in the mixed population possible, 

with the exception of certain minority groups. 

The identification method proved to be a satisfactory means 

for the identification and quantitative determination of the microbial 

flora of dover sole and ground beef. 
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PART II.    APPLICATION OF THE IDENTIFICATION 

SCHEME TO AN IRRADIATION STUDY 

The application of low-dose gamma radiation to a fresh food 

is usually employed in conjunction with refrigeration.    Spoilage is 

therefore dependent not only on those microorganisms which survive 

irradiation,   but also on those microorganisms which produce spoilage 

at refrigeration temperatures. 

The purpose of this section is to determine which groups of 

microorganisms contribute to spoilage of unirradiated and irradiated 

dover sole fillets stored at 6°   C.     The microbial flora of the fish, 

during the course of this experiment,   was analyzed and identified 

by the rapid identification method,   described in Part I of this thesis. 
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MATERIALS AND METHODS 

Fish Sample Preparation 

Dover sole fillets,   obtained from a commercial filleting plant 

in Astoria,   Oregon,   were ground in a sterile meat grinder and mixed 

thoroughly in a sterile glass jar,   weighed into sterile petri dishes, 

and transferred aseptically into glass vials,   according to the 

procedure described by Lee,   Shiflett and Sinnhuber (1965).    Each 

vial contained ten grams of ground fish. 

Irradiation 

After preparation,   the vials were frozen and held frozen until 

the next day.     The fish samples were defrosted at room temperature 

for one hour,   packed in wet ice,   and taken to the radiation facility. 

Samples were exposed to radiation doses of 0. 1,   0. 2,   0. 3,   0. 4,   or 

0. 5 megarad    by a Co       gamma-radiation source.    The source had 

an initial activity of 89, 000 curies and a dose rate of 1. 3 megarad 

per hour.    Samples were irradiated at ambient temperature,   re- 

packed in ice,   and subsequently returned to the laboratory.     The 

transit and irradiation took less than three hours. 
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Storage 

Control (unirradiated) and irradiated vials were stored at 

6°  C to simulate the conditions of the average household 

refrigerator. 

Sampling Procedure 

The microbial counts of the control and irradiated samples 

were determined immediately following irradiation and at intervals 

during storage for up to 22 days.    At the time of sampling,   two vials 

were selected at random from a lot having the same radiation expo- 

sure level.     Each vial was opened aseptically,   and the entire con- 

tents were emptied into a bottle containing 90 ml of 0. 2 percent 

peptone water and 25 grams of glass beads.    After shaking to break 

up the tissue,   further dilutions were made,   using 0. 2 percent peptone 

blanks.    Aliquots of 0. 1 ml of the desired dilutions were spread on 

preincubated solidified TPN agar plates.    Triplicate plates were 

made for each dilution.     For plating low dilutions,   pour-plating 

sometimes was necessary. 

Microbial Identification 

Identification of microbial isolates -was carried out according 

to the procedures described in Section I of the thesis.    All colonies 
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which developed on the primary isolation plates were picked. 

Usually primary plates which had less than 100 colonies per plate 

were selected for picking because the colonies on such plates were 

well-separated.    When colonies from all triplicate plates were 

pooled,   the total number of isolates per sample ranged from 100 to 

300 (Table XII).    Care •was taken to group colonies of similar size 

on the same master-plates in order to eliminate difficulties 

encountered by replica-plating colonies with different growth rates. 

The practice of grouping colonies according to size may have re- 

solved some of the earlier difficulties reported by Ayres (I960) in 

his attempt to adapt replica-plating for the identification of the 

microbial flora of meat. 
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Table XII.    Numbers of isolates examined for flora analysis. 

Length of Storage 
Sample (days) Number Isolates Examined 

Control                            0 - Fresh 151 
0 - Control 189 
2 195 

0. 1 megarad                0 80* 
4 190 
6 144 

0.2 megarad                0 15* 
6 185 
8 128 

0. 3 megarad                0 6* 
8 172 

10 
13 312 

0. 4 megarad 10 
15 

0. 5 megarad 10 
17 
22 

Total: 2, 723 

172 
302 

6* 
102 
374 

*A11 isolates examined. 
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RESULTS AND DISCUSSION 

Microbial Flora of Unirradiated Fish 

The microbial species identified from fresh dover sole are 

listed in Table XIII.    All ten major microbial groups that are 

commonly associated with fish products were recovered (Part I). 

The flora consisted,   in the order of predominance,   of:   Pseudomonas 

(pigmented and non-pigmented),   Flavobacterium,   Achromobacter, 

Bacillus,   Gram-positive pigmented rods,   yeasts,   micrococci and 

suspected coliforms.    The diversity of the flora was characteristic 

of fresh fish fillets and was made up of both psychrophiles and 

mesophiles. 

When this fresh sample was frozen,   thawed,   and transported 

on ice to and from the irradiation source,   along with the experi- 

4 mental samples,   the viable count increased to 3. 8x10  ,   compared to 

4 
1. 7x10   .     This increase in count was mainly due to the rapid growth 

of Pseudomonas  species (control sample,   Table XIII).     The 

Pseudomonas species initially occupied 25 percent of the fresh flora, 

but increased to 58 percent of the flora in the frozen-thawed sample. 

Since the irradiated samples were also subjected to freezing and 

thawing,   the values for the frozen-thawed samples were used as 

the control. 
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Table XIII.    Microbial flora of unfrozen and control    dover sole. 

Percent in Flora 
Microorganisms Unfrozen Control 

Coliforms 0. 6 1.1 

Pseudomonas (Total) (25.4) (58.2) 

Pseudomonas Type I 14. 6 48. 1 

Pseudomonas Type II 8.1 9. 0 

Pseudomonas Types III and IV 2.7 1.1 

Achromobacter 2.7 7.4 

Flavobacterium 29.2 15.8 

Bacillus 17. 9 9. 5 

Gram-positive pigmented rods 18. 5 2.6 

Micrococcus 0. 6 1.1 

Yeasts 4.6 1.6 

Unidentified 0 2.6 

See page 82 for explanation. 
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Microbial Flora Changes after Irradiation 

A comparison of the microbial flora in unirradiated and ir- 

radiated fish is given in Table XIV.    A dose of 0. 1 megarad reduced 

the original population level to less than 0. 1 percent of the initial 

value.     Five of the ten main groups of microorganisms were still 

recovered after 0. 1 megarad.    They were Achromobacter, 

Micrococcus,   yeasts,   Gram-positive pigmented rods and 

Flavobacterium.    It was noted that the Pseudomonas and 

Flavobacterium species,   -which occupied 76 percent of the unirradi- 

ated flora in the control,   were all but eliminated by this irradiation 

dose. 

The percentage data given in Table XIV were used to calculate 

the actual numbers of each group surviving irradiation.     These 

counts are listed in Table XV.     The dose-survival curves of each 

group constructed from this data are shown in Figure III.    No sur- 

vivors could be detected in 0. 4 and 0. 5 megarad samples at a mini- 

2 
mum dilution of 10   . 

From this figure it was noted that the yeasts were the most 

resistant to radiation among all microorganisms found in dover sole. 

It can be seen from Figure III that,   despite their low initial number, 

the proportion of surviving yeasts increased over the others as the 

radiation dose increased. 
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Table XIV.    Microbial flora distribution among radiation survivors 
in dover sole. 

Percent Each Survivor after Irradiation 
 (megarad)  

Microbial Group  0. 0 0. 1 0. 2 0. 3 0. 4 0. 5 

Coliforms 1.1 0 0 0 

(Total Pseudomonas) (58.2)      (0) (0) (0) 

Pseudomonas I 48. 10 0 0 

Pseudomonas II 

Pseudomonas III and IV 

Achromobacte r 

Flavobacterium 

Bacillus 

9. 0 0 0 0 

1. 1 0 0 0 
2 
o 

3 

z 
o 

3 
7.4 47. 5 20. 0 16.7 r+ 

t-»' 
r-t- 

h—■ 

15. 8 1. 3 0 0 cn 

9. 5 0 0 0 

o 
i—' 

r-t- 
n> 
CO 

o 
1—' 

CD 
cn 

Gram-positive 
pigmented rods 2.6 2.5 0 0 

Micrococcus 1.1       35.0      26.7       33.3 

Yeasts lr6       13.8       53.3       50.0 

Unclassified 2.6 0 0 0 

Number of Colonies , 
Examined 189 80 15 6 

All isolates examined. 
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Table XV.     Viable count of each group surviving irradiation in 
dover sole. 

Count Per Gram of Each Radiation 
After Irradiation (Megarad) 

Survivor 

Microbial Group 0. 0 0. 1 0.2 0.3 0.4      0.5 

Coliforms 4. 2x1 02 0 0 0 

(Total Pseudomonas) (2.2xl04) - - - 

Pseudomonas I 1.8xl04 0 0 0 

Pseudomonas II 3.4xl03 0 0 0 2          2 
o          o 

Pseudomonas III 
and IV 4.2xl02 0 0 0 

D
ata 

D
ata 

Achromobacter 2. 8xl03 66.5 5. 0 3. 3 

Flavobacterium 6. 0x103 1.8 0 0 

Bacillus 3.6xl03 0 0 0 

Gram-positive 
Pigmented Rods 9.9xl02 3. 5 0 0 

Micrococcus 4.2xl02 49. 0 6. 7 6. 7 

Yeasts 6. IxlO2 19.3 13. 3 0 

Unclassified 9. 9x102 0 0 0 

Total Count Per Gram 3.8xl04 1.4xl02 25 20 

See Figure III for graphical illustrations. 



0.1 0.2 0.3 
Radiation Dose (Megarad) 

0.4 

Figure III,    Microbial flora change in dover sole as a result of 
irradiation. 
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The Micrococcus and Achromobacter species were second and 

third in respective resistance,   although higher numbers of these 

groups  survived 0. 1 megarad compared to yeasts.    The numbers of 

survivors of a group depended on the initial number in the unirradi- 

ated fish.    This accounts for the large number of Achromobacter 

species surviving after 0. 1 megarad,   despite their higher radiation 

sensitivity than the Micrococcus and yeasts.    As the radiation dose 

increased,   however,  more yeasts and Micrococcus survived. 

Flavobacterium species and Gram-positive pigmented rods 

were recovered after 0, 1 megarad,   but were no longer detected 

among the survivors of 0. 2 and 0. 3 megarad samples.    Pseudomonas 

species -were highly sensitive to radiation and none could be re- 

covered after 0. 1 megarad,   although they were the most numerous 

species in the unirradiated sample.     This observation is in general 

agreement with the reported effects of ionizing radiation on the 

microbial flora in other foods (Shewan and Liston,   1958). 

The ability of yeasts to survive radiation better than most 

bacteria in pure culture studies has been reported by Bridges (1964); 

in beef by Wolin,   Evans,   and Niven (1957); and in chicken by Ingram 

and Thornley (1959).    The high sensitivity of the Pseudomonas 

species to radiation was observed in beef by Wolin,   Evans,   and 

Niven (1957); and in chicken by Ingram and Thornley (1959).     The 

latter authors also found that the Achromobacter species were quite 
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resistant   to radiation,   but not as resistant as the yeasts. 

The composite nature of the dose-survival curves shown in 

Figure III,for the total,   as well as for each surviving group,   might 

have resulted from the species heterogenity within each group 

(Bridges,   1963). 

Microbial Flora Changes During 6°  C Storage 

The percentages and counts of genera or groups present in 

the unirradiated unfrozen sample,   the control sample,   and the 

control samples stored for two days at 6°   C are listed in Table XVI. 

The graphical representation of this data,   showing the microbial 

flora-shifts in these samples,   is shown in Figure IV.    The 

Pseudomonas,   Achromobacter,   and,   to a lesser degree,   the 

Flavobacterium,   comprised 96 percent of the total flora after two 

days.     The Achromobacter,   yeasts and Gram-positive pigmented 

rods also increased very rapidly,   but not the Bacillus and 

Micrococcus species. 

The percentages and calculated counts of each group present 

in dover sole irradiated at 0. 1 megarad and stored at 6°   C,   are 

shown in Table XVII.    These data were used to construct Figure V, 

which illustrates the flora-shifts in these samples.    After six days, 

only Achromobacter species and yeasts were detectable.    The 

Micrococcus species,   the Gram-positive pigmented rods,   and 



Table XVI.    Microbial growth in unirradiated dover sole stored at 6°   C. 

Length of Storage at 6°   C. 
Fresh Control 

Microbial Groups 
0 Days 2 Days 

Percent      Count/Gram      Percent      Count/Gram      Percent      Count/Gram 

Coliforms 

Pseudomonas 

Achromobacter 

Flavo bacterium 

Bacillus 

0.6 

25.4 

2. 7 

29. 2 

17.9 

Gram-positive pigmented rods        18.5 

Micrococcus 0. 6 

Yeasts 

Unidentified 

4.6 

1. 0x10 

4. 3xl03 

4. 6x102 

5. 0x103 

3. 0x103 

3. IxlO3 

1. 0x102 

7.8xl02 

0 

1. 1 

58. 2 

7.4 

15.8 

9. 5 

2.6 

1. 1 

1.6 

2.6 

4. 2x10 

2.2xl04 

2.8x103 

6. OxlO3 

3. 6xl03 

9. 9xl02 

4. 2x102 

6. IxlO2 

9.9xl02 

0. 5 

77. 8 

16. 4 

2. 0 

0 

1. 5 

0 

1. 0 

0. 5 

1. 6x10 

2. 5xl0c 

5. 3x10" 

6. 4x10 

4. 8x10 

3.2x10- 

1.6xl04 

Total count 1. 7x1 04 3.8xl04 3.2xl06 

Number of colonies examined 151 189 195 

o 
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Days Storage at 6°   C 

Figure IV.    Microbial growth in unirradiated dover sole during 
6° C storage. 



Table XVII.    Microbial growth in dover sole irradiated at 0. 1 megarad and stored at 6°   C. 

Length of Storage at 6°  C. 

Microbial Groups 
0 Days 4 Days 6 Days 

Percent     Count/Gram     Percent     Count/Gram     Percent     Count/Gram 

Achromobacter 47. 5 66.5 98.4 9. 1x10 99.3 4. 0x10' 

Flavobacterium 1. 3 

Gram-positive pigmented rods Z. 5 

Micrococcus 35.0 

Yeasts 

Unclassified 

13.8 

1.82 

3.5 1.6 

49. 0 -- 

19.3 2. 1 

__ 1.6; 

1. 5x103 

2x10" 

1. 5x10" 

0. 6 .2, 4xl04 

Total count per gram 140 9. 6x10 4. 1x10C 

Number of colonies examined 80 190 144 
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10l 

gio- 
a 
O 

"otal Count        /H 
Achromobacter 

2 3 4 5 

Days Storage at 6°   C 

Figure V.    Microbial growth in dover sole irradiated (0. 1 
megarad) and stored at 6°  C. 
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Flavo bacterium species,   detected among the initial survivors,   were 

no longer recovered after storage.     The absence of the Gram-positive 

pigmented rods and the Flavo bacterium species after six days 

storage at 6°   C indicates that the ability to survive irradiation and 

the ability to grow at 6°   C are not related properties. 

Tables XVIII,   XIX,   XX and XXI show the percentages and 

counts in the total of each microbial group in samples irradiated 

at 0. 2,   0. 3,   0. 4 and 0. 5 megarad and stored at 6°   C.     The post- 

irradiation flora found in 0. 2,   0. 3 and 0. 4 megarad samples was 

similar to that of the 0. 1 megarad sample (Figure VI).    The rapid 

growth rate of the Achromobacter species enabled this group to 

multiply in the 0. 2 and 0. 3 nnegarad samples.     Nevertheless,   yeasts 

which had a slower growth rate than Achromobacter grew well in 

these samples.    In the 0. 4 megarad sample,   the Achromobacter 

species and yeasts grew in approximately equal proportions.    Irra- 

diation at 0. 4 megarad apparently reduced the numbers of surviving 

Achromobacter to a point where their growth could no longer over- 

take the growth of yeasts. 

After 0. 5 megarad, yeasty and the Micrococcus species were 

the only detectable survivors.    The terminal spoilage flora in this 

sample,   however,   consisted entirely of yeasts.    The Micrococcus 

species appear to be unable to grow at 6°   C,   although they were 

among the principal radiation survivors.     Figure VI illustrates the 



Table XVIII.    Microbial growth in dover sole irradiated at 0. 2 megarad and stored at 6°   C. 

 Length of Storage at 6°   C.  
 0 Days        6 Days       8 Days  

Microbial Groups Percent      Count/Gram      Percent      Count/Gram      Percent      Count/Gram 

Achromobacter 20 5 97.8 1.4xl05 100 2x10 

Micrococcus 26. 7 6. 7 

Yeasts 53.3 13.3 2.1 3.0xl03 

Unidentified -- -- 0. 5 -- -- 

Total count per gram 25 1.4xl05 2.0xl06 

Number of colonies examined 15 185 128 

6 



Table XIX.    Microbial growth in dover sole irradiated at 0. 3 megarad and stored at 6°   C. 

Microbial Groups 

Length of Storage at 6"  C. 
0 Days 8 Days 13 Days 

Percent      Count/Gram      Percent      Count/Gram      Percent      Count/Gram 

Achromobacter 

Micrococcus 

Yeasts 

16.7 

33. 3 

50. 0 

3. 3 

6.6 

10. 0 

90. 6 

9.3 

1. 4x10" 

1. 5x10 

1 All isolates examined. 

98. 8 

1. 3 

1. 1x10 

1. 4x10" 

Total count per gram 20 1.6xl05 1. IxlO7 

Number of colonies examined 61 172 312 

Note-}   Count at ten days was 8. 6x10    microorganisms per gram but the flora was not examined. 



Table XX.    Microbial growth in dover sole irradiated at 0. 4 megarad and stored at 6°   C. 

 Length of Storage at 6°  C.  
 0 Days        10 Days        15 Days  

Microbial Groups Percent      Count/Gram Percent      Count/Gram Percent      Count/Gram 

Achromobacter --                     -- 60 1.7xl03 82.5             4. IxlO6 

Micrococcus --                     -- 1.1 58 

Yeasts --                    -- 38.9 l.lxlO3 17.5             8. 6xl05 

Total count per gram 0 2.9xl03 4. 9xl06 

Number of colonies examined 0 172 302 



Table XXI.    Microbial growth in dover sole irradiated at 0. 5 megarad and stored at 6°  C. 

Length of Storage at 6°  C. 
0 Days 

Count/ 
Microbial Groups    Percent      Gram 

10 Days 
Count/ 

17 Days 
Count/ 

22 Days 

Percent      Gram Percent     Gram 
Count/ 

Percent     Gram 

Gram positive 
pigmented rods 16.7 16.7 

Micrococcus 

Yeasts 

33. 3 

50. 0 

33. 3 

50. 0 

3.9 10. 3 

96. 1 2. 5x10' 100 7.3x10- 

Total count per 
gram 0 1. 0x1 02 2. 6xl02 7. 3xl03 

Number of colonies 
examined 0 61 102 374 

1 All colonies examined. 

oo 



7      8       9     10     11    12     13    14     15    16     17    18     19     20   21    22 
Days Storage at 6°  C 

Note:   T = total count,   A = Achromobacter,   Y = yeasts,   M = Micrococcus,   G + R = Gram-positive 
pigmented rod.    Radiation doses,   given in megarad,   are shown after symbols. 

Figure VI.    Microbial growth in dover sole irradiated (0. 2,   0. 3,   0. 4 and 0. 5 megarad) and 
stored at 6    C. 
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above observations. 

Both non-filamentous and filamentous yeasts were isolated 

from the irradiated samples.    No attempt was made to identify 

yeasts in this study.    They may be similar to those encountered in 

irradiated and stored (5°   C) Pacific crab meat by Eklund et^ al. 

(1965b).     They found that king crab and dungeness crab meat,   before 

irradiation,   contained the non-filamentous yeast genera Rhodotorula 

and Torulopsis,   and filamentous yeast genera Trichosporon, 

Cryptococcus,   Candida,   and Aureobsidium.     The genera 

Trichosporon and Rhodotorula were present in the largest numbers. 

Their observations with regard to irradiated crab meat were as 

follows:    the crab meat was air-packed,   irradiated at 0. 2 or 0. 4 

megarad and stored at 33°  or 42°   F.     Yeast counts did not increase 

until 7 to  14 days in samples irradiated at 0. 2 megarad and 14 to 

21 days irradiated at 0.4 megarad.,    when   samples were stored at 

33°  F.     At 42°   F,   yeast counts increased in 0. 2 and 0. 4 megarad 

samples after 7 days and 7 to  14 days,   respectively.    The same 

genera of yeasts,   found in the unirradiated samples,   were also 

isolated in the irradiated and stored samples; however,   those 

present in the greatest numbers were different.     The genera 

Cryptococcus and Torulopsis -were most numerous in irradiated 

king crab,   and Cryptococcus and Trichosporon were most nunnerous 

in the irradiated dungeness crab. 



101 

Molds -were never encountered in either unirradiated or 

irradiated dover sole,    The same finding was reported for crab meat 

by Eklund et al.   (1965b). 

Effect of Radiation on Microbial Population in Fish 

Fresh fish fillets may contain a diverse assortment of 

microorganisms (Shewan and Liston,   1955).    However,   those 

microorganisms that possess the ability to grow under given 

storage conditions are responsible for the final spoilage. 

The Pseudomonas species appear to have such an advantage in dover 

sole stored at 6°   C under aerobic conditions. 

Irradiation introduces a new selective factor.    It was noted 

in this study that yeasts were the most radiation-resistant group, 

followed by Micrococcus and Achromobacter species.    On the other 

hand,   the Flavobacterium and Pseudomonas groups were among the 

most sensitive to radiation.    Since the initial number of a given 

microbial specie prior to irradiation determines the probability of 

its post-irradiation recovery,   the initial number,   the relative 

resistance to radiation,   and the ability to grow at 6°   C,   determine 

a group's participation in the terminal spoilage flora. 

The Pseudomonas species,   which predominated in the initial 

flora and grew readily at refrigeration temperature,   were,   never- 

theless,   the most sensitive to radiation and -were eliminated by 
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0, 1 megarad. 

The Micrococcus species,   which showed relatively higher 

resistance against radiation and were constantly recovered in 

post-irradiation population despite their low initial number,   did 

not grow at 6°   C.    The Micrococcus species thus contributed least 

to the spoilage flora of irradiated dover sole. 

The Achromobacter species,   found in moderate numbers in 

the initial flora,   were moderately resistant to radiation and were 

also able to grow well at 6°   C.    This group,   therefore,   contributed 

the most to the spoilage flora of dover sole irradiated at 0. 1 to 0. 3 

megarad. 

Yeasts were found in low numbers in the unirradiated sample. 

Their growth rate was somewhat slower than bacteria in dover sole. 

Due to their higher resistance to radiation,   however,   they contri- 

buted to the spoilage flora of samples irradiated at 0. 4 and 0. 5 

megarad where most of the bacteria population had been eliminated. 

Since yeast growth may be reduced under anaerobic conditions,   this 

generalization may not apply to vacuum-packed fish,   as shown by 

Eklund et al.   (1965b). 

The Flavobacterium species,   Bacillus species,   "coryne- 

forms" and Gram-positive pigmented rods were found in irregular 

proportions in the fresh sample.    Although they were also recovered 

in the irradiated samples,   it is not likely that these groups 
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contribute significantly to the final spoilage,   due to their low 

numbers and slower growth rates at 6°  C. 
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SUMMARY AND CONCLUSIONS 

Low-dose irradiation and subsequent storage at 6°   C were 

assessed for their effects on the microbial flora of dover sole fillets. 

Identification of the groups making up the flora was accomplished by 

the identification scheme -which incorporated the replica-plating 

technique and computer analysis described in Part I of this thesis. 

The following conclusions were reached: 

1.      The microbial flora of fresh,   unirradiated dover sole consists 

of a diverse group of microorganisms.     The flora of the control 

sample was made up of Pseudomonas,   Flavobacterium,   Bacillus, 

Achromobacter,   and the remaining 9. 1 percent of the flora 

were Micrococcus,   Gram-positive pigmented rods,   coliforms 

and yeasts. 

Z.      Irradiation at 0. 1 megarad permitted the survival of the 

Achromobacter,   Micrococcus,   yeasts,   Gram-positive pigmented 

rods and Flavobacterium. 

The Gram-positive pigmented rods and the Flavobacterium did 

not survive 0. 2 megarad. 

3. Dose-survival curves for each group indicated that yeasts were 

the most resistant to radiation, followed in order of resistance 

by the Micrococcus and Achromobacter. 

4. Storage of all samples at 6°   C showed: 
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a. Microbial spoilage of non-irradiated dover sole was due 

primarily to the Pseudomonas and Achromobacter groups. 

b. In samples irradiated at 0. 1,   0. Z,   0. 3,   and 0. 4 megarad, 

the spoilage flora was dominated by the Achromobacter. 

c. The growth of yeasts became more significant in the 0. 3, 

0. 4 and 0. 5 megarad samples.     The numbers of 

Achromobacter and yeasts in the 0. 4 megarad sample 

were equal,   but the flora in the 0. 5 megarad sample was 

made up entirely of yeasts. 

The spoilage of irradiated fish was found to depend on both 

the ability of a given microbial group to survive the effects of 

irradiation,   and also,   the ability to grow at a given storage 

temperature. 
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