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ABSTRACT

A heat resistant enterotoxin-A-producing strain of

SLaphylococcus aureus was isolated from heat treating (at

6I"C for 1B seconds) ra\,r milk samples duríng a ten-month

survey on ravr milk obtained from the University of Manitoba

Commercíal Dairy. Baírd-Parker medium proved to be the

most suitable medium for the isolation and enumeration of

thermally stressed cells of, S. aureus. Employing Baird-

Parker medium for enLlmeration, the percentage of S. aureus

survivals in heat treated milk f rom the survey r¡ras O-37 .5"4.

Growth and enterotoxin production of S. aureus Ín

rar¡r and heat treated milk vrere sLudied by inoculating test

milks with various 1eve1s of the above mentioned test or-

ganism. Enterotoxin rras detected in raw milk after 6-8 hours

with an initial inoculum of 103-tO5 S. aureus per mI of mílk.

The minimal population associated wíth detectable entero-

toxin was 1.30 x LO7 S. auïeus per ml of nilk. Better

growth and enterotoxin production resulted in heat treated

rnilk (at 61oC for 1B seconds). Enterotoxin was detected

after 4-6 hours. A miníma1 S. aureus population of 2.80 x
610- cells per ml resulted in enterotoxin production ín heat

treated nilk.

Enterotoxin producËion was also demonstrated by en-

terotoxigenic S. aureus indigenous to rav/ milk (representing

pre-heaÈ treatment contaminatíon) that survíve Èhe subpas-
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teurizati-on heat treatment, although the process r¡ras very

much delayed due to a 1ag phase of 4-5 hours príor Eo the

initiation of growth and multiplicatíon. rË r¡ras detected

only after L2 hours rvith a comparatively hígh S. aureus

population of 8.25 x LO7 cells per rnl of ni1k.

A comparison of cheddar cheese samples inoculated

¡^rith three different levels of s. aureus using normal, s1ow,

and partía1 slow starter cultures indicated that gro\,rt.h of

s. aureus v/as most exÈensive in cheeses made with slow star-

ter culture. Enterotoxín production in cheeses made with

slor,¡ starter required a smaller s. aureus population than

did cheeses made with normal starter. As few as 3.4 x 106

S. aureus per g of cheese resulted in enËerotoxÍn production

ín slow cheese as compared to over 29 rnillion j-n normal-

cheese. similar responses rüere observed in comparing normal

starter with partial starter failure, but to a much lesser

extent. EnÈerotoxin was detecËed in partial slor¿ cheeses

after 5 hours with L.20 x IO7 S. ellïeus per. g of cheese.

All three types of cheese achieved normal Ëitratable

acidity at various sÈages during the cheese manufacturing

process. cheeses made with. slow ,and partial slow starter

required a prolonged milk ripening period of 4-4.5 and 2.75-

3 hours, respectively. slow starter cheeses had pH values

considerably greater than 5.4. Partial slow starter cheeses

had pH values of 5.25-5.60. cheeses made wiËh normal star-

ter had pH values of 5.4 or less after pressing. The mois-

ture and sa1È content \¡rere normal f or all cheese batches.
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However, at any one staphylococcal inoculum leve1 used, the

faÈ content \¡ras hígher in cheeses made wíth normal starter

than in those cheeses made with slow sËarter.

Results obtained in this investigation approved the

feasibility of the solid-phase radioimmunoassay for quali-

tative as well as quantítaËíve detection of enterotoxin A

production in cheddar cheese. This method has a sensiti-

vity of detectíng 0.31-1.0 ng of staphylococcal enterotoxin

per g of cheese and a quantitative recovery of I4-95"/" .



ACKNOITLEDGMENTS

The author wishes to acknowledge the advice and encouragement

offered by Dr. M. Samoiloff, DeparÈmenË of ZooLogy, University of Mani-

Èoba, Ín the preparation of this manuscript. She also wíshes to express

her appreciation to Dr. M. Henderson (in food biochemistry) and Dr. R. R.

Pereira (in food microbiology), Department of Food Science, for their

advice during Ëhe early part of this research study.

' The author wishes to express her thanks and gratitude to Mr.

Karl Zutrum and Mr. Bob Buchanan, Cournercial Dairy, Uníversity of Mani-

Ëoba, for their co-operaÈion in providing the dairy supplies and the

facilitíes required for cheese manufacture. Assistance of Mr. Foster,

Health Protection Branch, Winnípeg, for his generous help and advice in

the solid-phase radioirmnunoassay is highly appreciated.

Thanks are extended Èo the Uníversity of Manitoba for the

Manitoban Fellowship, and the National Research Councíl Canada (Natural

Sciences and Engineering Research Council) for the ?ostgraduate Fellow-

ship offered during the course of this research sËudy.

The guidance of Dr. G. I. Pau1, Department of StaËistics,

University of Manitoba, in data analysis is gratefully apprecÍated.

Assistance of Mr. Peter Shur in data prograrnrning is also highly appre-

ciated.

Special thanks are exËended to my parents for their love and

loyalty, and to Ken Zaifman, Jacqueline Stalker, and Evelyn Fieldhouse

for their encouragement and spiritual support.



TABLE OF CONTENTS

ABSTRACT

PAGE

a

iv

vi

vra

1

LIST OF TABLES

LIST OF FIGURES

LIST OF ASBREVIATIONS

GENERAL INTRODUCTION

REVIEI,I OF LITERATURE

Staphylococcal f ood-poisoning

The occurrence of staphylococcal food-poisoning in milk and
dairy products

Staphylocoócus aureus - the organism

Isolation and identificatíon of S. aureus from rnilk and milk
products ...:..-.

Staphylococcal toxíns with emphasis on staphylococcal entero-
Èoxins

The presence, growth and enterotoxín production of S. aureus
in rnilk ....;.

The presence, growth and enterotoxín production of S. aureus
in manufactured dairy producËs .....:.. ..-.

Conditíons for growth and enLerotoxin production ...

HeaË resÍstance and recovery of S. aureus from thermal injury

Detection of staphylococcal enterotoxins

scoPE oF TNVESTIGATION .r ¡......¡ ¡ e.... ¡ r ¡ ¡. ¡ ¡ ¡.. ¡. r. ¡. r... ¡.. ¡. ¡. ¡

MATERIALS AND GENERAL }ßTIIODS

Materials

16

22

29

7

10

33

37

45

49

53

55

General Methods 58



TABLE OF CONTENTS (continued)

CHAPTER I Prelimínary Studies : The selection of a suitable
medíum for the enumeration of thermally stressed

PAGE

59S. aureus ín heat treated rlllk

Introduction
Experimental Methods
Results
Discussion

CHAPTER II A Ten-month Survey on S. aureus Survívals in HeaË
Treated Milk

Introduction
Experiment.al Methods
Result.s
Discussion

CHAPTER III CharacÈerizaLion TesËs on S. aureus Isolates from
the Ten-month Survey

IntroducËíon
Experímental Methods
Results
Discussion

CHAPTER IV Cultivation of S. aureus Isolate No. 13 for the
Studies of Gror¡Eh and Uttterotoxin Production in
l"Iilk and Cheddar Cheese 99

Experimental Methods
Results

CHAPTER V Gror^rth and Ent.erotoxÍn Production of S. aureus
Isolate No. 13 in Milk Used for the Cheddar
Cheese ManufacËuïe 104

Introduction
Experímental Methods
Results
Discussion

CHAPTER VI Growth and Bnterotoxin Production of S. aurues
Isolate No. 13 in Cheddar Cheese Uan.tf".tnr" :
I. Manufacture and Analysís of Cheese

Introduction
Experimental Methods
ResulÈs
Discussion

L23

72

B4



CHAPTER VII

TABLE 0F CONTENTS (continued)

PAGE
Growth and Enterotoxín Production of S. aureus
Isolate No. 13 in Cheddar Cheese ltattnf".t.rr" :

II. DetecËion of EnEerotoxin in Cheese l64

Introduction
Experímental Methods
ResulËs
Díscussíon

DISCUSSION AND CONCLUSIONS 195

199

203

228

338

GENERAL

SUMMARY

B]BLIOGRAPHY

APPENDICES

RECO}OIENDATIONS FOR TT]TURE INVESTIGATIONS



av

LIST OF TABLES

TABLE

1 Comparison of varÍous plating media for the isolatíon of
S. aureus

2 Cornparison of various enrÍchment broths and plafing media
for the Ísolation of S. aureus

of S. aureus

6 Growth of S. aureus Isolate No. 13 in raw and heat treated
nilk

7 Enterotoxin production of S. aureus Isolate No. 13 in raw
and heat treated mílk

B Titratable acidity of milk and whey in cheddar cheese
batches made with various starter rates

3 Percentage of survivals ín survey heat Ëreated milk 78

4 Characteristics of the 20 different strains of S. aureus. . . 90

5 Characteristic tests performed on the 20 different strains

PAGE

66

6B

92

113

116

135

r37

138

139

9 Titratab
cheddar

10 TitraLab
cheddar

11 Titratab
cheddar

le acidity of milk, whey and pH of cheese curd j-n

cheese manufacËure using normal starter

L2 GrowËh of S. aureus Isolate No. 13 and lactic acid bacteria
in cheddar cheese manufacÈure using normal starter L4L

le acidiÈy of mi1k, whey and pH of cheese curd in
cheese manufacture using slow starter

le acidity of mÍ1k, whey and pH of cheese curd in
cheese manufacture using parËial sLarEer

f S. aureus Isolate No. 13 and lactíc acid bacteria
ar cheese manufacture usíng slo\^r starter L43

f 9. aureus fsolate No. 13 and lacËic acid bacteria
ar cheese manufacture using partial slow starter... 145

, salt and fat conLent of normal sËarter cheese 153

, salÈ and fat content of slow sËarter cheese I54

, salt and fat content of partial slor¡ starter

13 Growth o
in chedd

7-4 GrowËh o
in chedd

15 Moisture

L6 ìloisture

17 Moisture
cheese 155



LIST OF TABLES (contínued)

Table

18 Inhibition of 1251-SEA uptake by unlabeled enteroLoxin
(with Ëhe origínal extraction and RIA method)

Lg Inhibitíon of 125I-SEA uptake by unlabeled enterotoxin
(wiÈh the modified extraction method)

20 rnhibitÍon of l25r-SEA uptake by unlabel-ed enterotoxin
(wÍth the modÍfied extraction and RIA method)

2L Enterotoxin production by S. aureus during cheddar cheese
manufacture with normal starter

22 Enterotoxin productÍon by S. aureus during cheddar cheese
manufacture with part.Íal slow sËarter

23 Enterotoxin productÍon by S. aureus during cheddar cheese
manufacture with slow starter

Page

173

175

177

rB0

182

183



v1

FIGURE

1

2

3

4

5

6

7

B

9

LIST OF FIGURES

Logit-log Plot of S. aureus Isolate No. 13

Standard Curve of S. aureus Isolate No. 13

Growth of S. aureus in TesË Milks

Laboratory S.cale StaÍnless Steel Cheese Vat

SÈeam and l,Iater Connections for Cheese VaË

Growth of S. aureus ín Cheddar Cheese Manufacture ( S.

PAGE

97

103

LT4

1,29

130

l49

150

151

174

L78

aureus inoculum : 60/ml)

Growth of S. aureus in Cþeddar
aureus inoculum r S * 10j/ml)

Cheese Manufacture ( s.

( s.

g Plot for Standard Curves : Ceskars buffer vs.
xtract (wiËh the oríginal extraction and RIA

Growth of S. aureus in Cheddar Cheese Manufacture
aureus inoãutum : tOo/rt)

Logít-1o
cheese e
rnethod)

10

11

Logit-log PloË
cheese extract

Logit-1og PloË
cheese extract

for Standard Curves : Ceskars
(with Ëhe modífíed extraction

for Standard Curves : Ceskars
(with Ëhe modified extraction

buffer vs.
method) L76

buffer vs.
and RIA

meËhod)



vl_ r-

LIST OF ABBREVIATIONS

BP - Baird-Parker

BSA - bovine serum albumin

cpm - counts per minute

DNase - deoxyribonuclease

EDTA - ethylene diamine tetraaceËic acid

HTST - high temperature short tíme

ng - nanogram

pg - picograrn

RIA - radioíurounoassay

5110 - Staphylococcus 110

SEA - staphylococcal enterotoxin A

SPC - standard plate counË

TEA - tomato yeast extract agar

TSA - t.ryptiease soy agar

TSB - trypticase soy broth

Ëhermonuclease - thermostable deoxyribonuclease



GENERAL INTRODUCTION

For many years, staphylococcal food-poisoníng has been anong

one of the major types of food-borne diseases ín NorËh America. tr^lithin

the past decade, there have been several outbreaks of staphylococcal

food intoxicaËion attribuËed to cheese (A1len and stovall, 1960; Hen-

dricks et al., L959; Hausler et al., 1960; Ze]nren and Zehren,196Ba,

1968b). Thatcher et al. (1956) reported that Canadían cheeses someËimes

conÈained large numbers of toxigenic staphylococci. In Ontario in 1971,

a large quantity of cheddar cheese made from milk which receíved sub-

pasteurization heat treatment was found to contain enterotoxin and was

refused for consumer distribution (Duitschaever and rrvine, L97L).

Due Ëo the ubiquitous nature of S. aureus, iË is extremely

difficult Ëo obtain a rarÀ/ rnílk supply ËhaË is entirely free of this

organism. rt has been demonstraËed (Mattick et al., L959; Mcleod et al.,

1962; Takahashí and Johns, 1959; Rougley and Mcleod, l-:96l_: Thatcher and

Ross, f960) that conditions can exist Ín the cheese manufacturing pro-

cess such that large populations of staphylococci can develop within a

relatively short period of tíme. This is especially criËical ishen the

nilk being used for cheesernaking inÍtÍally conËains S. aureus

Various heat treaËments have been used to eliminate or sub-

stantí411y reduce S. aureus from milk for cheese manufacture. Subpas-

teurization at 60-61oC for 16-18 seconds is a connnon coutrneïcial practíce

in Ëhe CanadÍan cheese industry. Although subpasËeurÍzation has the

advantage of achieving a better flavored cheese (Franklin and sharp,

L962: TakahashÍ and Johns, 1959), strains of S. aureus survíving such

heaË ÈreaÈmenË may constitute a potential health hazard. CondiËions
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may arise during cheesemaking which permit rapid growth of Ëhese

organisms to numbers such that enterotoxin can be produced. If such a

condition should occur, the enterotoxin formed will not be destroyed by

Ëhe heat treatment that would destroy the organism. Therefore, the

absence of q. aureus does noË infer that enteroËoxín is absent, but the

presence of intensive growth of S. aureus sígnals the potential presence

of enËerotoxin.

Cheese made from heat treated milk is, by law, wiËhheld from

the consumer market for a period of 60 days, during which tíme any

pathogenic organisms that míght be present would be destroyed (AOAC,

1975). However, such a holding perÍod does noL have any effect on

staphylococcal enterotoxins Ëhat may be present (Connell, 1959). Cheddar

cheese made from raw milk (Ilausler et a1., 1960; Hendricks et al., 1959)

or pasteurízed milk (Zehren and Zehren, 1968a) has been implicated in

outbreaks of staphylococcal food-poÍsoning. Therefore, the growth of

S. aureus durÍng the cheese manufacturing process must be restricted so

that, a population large enough to produce enterotoxin does not develop.

Takahashi and Johns (1959), Thatcher and Ross (1960), Tuckey

et al. (1964), and Reiter et aI. (1964) reported growth of S. aureus in

cheeses made with normal and slow starter cultures. A much uore rapid

growth rate of S. aureus, however, üras noted in cheeses made with slow

starter (Reiter et a1., 1964). Starter cultures, and their ability to

produce acid, are largely responsible for insuring the safety of cheeses

(Jezeski et, al., 1967; Zelnren and Zehren, 1968b). FurËhermore, all

cheeses containing enterotoxin had historíes of poor acid developmenÈ

during cheese manufacÈure (Zehren and Zelnren, 1968b). Apparently, other

conditions, in addition to poor acidÍty, may also influence enterotoxin



production. However, owing to the ínadequate procedures for the detec-

tion of staphylococcal enterotoxins and the insensitivity of the Lests,

much of the earlier research was directed toward factors that influence

growth rather than enterotoxÍn production by S. aureus. There is little

information available on the effects of natural envíronmental factors

(such as moisture, sa1t, and fat content) on enterotoxin productíon by

S. aureus in cheese.

Little is knoln about the extent of staphylococcal growth in

cheese manufacture assocíated with Èhe presence or absence of enterotoxin.

In the only report of enterotoxin A production in cheddar cheese manu-

facËured from pasteurized (65.6'c) milk, Tatíni et a1. (197lb) detected

enterotoxín when an s. aureus population of 28 míllion per g of cheese

was reached. These workers detected enËerotoxin bv means of the micro-

slide immunodiffusion technique with an estimated ru"o.r".n of only 40-50'/..

Conventional sensitive techniques for the detectíon of entero-

toxíns are not available in most food processing plants. i^Ihere such

facilities are available, enterotoxin detection is too expensive to per-

form routinely. For Ëhese reasons, standards relating the levels of S.

aureus to the production of enterotoxin become critical. Such standards

are not available in Canada. Dr. H. Pirmick, Director of the Bureau of

MÍcrobial Hazards, reported ín the Journal of Food Technology, January

L978, thaÊ I'the Health Protection Branch expeets Ëo soon promulgate

standards for cheese, from both unpasteurized and pasteurized milk."

Understanding of the different chemical factors in the product as they

relate to the presence or absence of enterotoxins is also importanË.

The methods currently used by the U. S. Food and Drug Adminístratj-on can

detect 0.1-0.2 ug enterotoxin added to 100 g of food material. The



minimal pracLical limiË of the nicroslide immunodiffusíon meËhod is

approximately 0.1 ug per ml. Many laboratories have diffículty in

achieving Ëhis sensitivity (Bergdoll et a1., L976). Therefore, there is

demand for a more sensitive and suitable test for the detection of en-

terotoxin. The purpose of this study ís to explore the relationships

beËween the growth of S. aureus and the enËerotoxin production, and

betureen the chemical properties of the cheese and Ëhe presence of enter-

otoxin, in order to establish the necessary standards for cheddar cheese.

In establishing such standards, one must always maintain high criteria

of safety. Data observed in the general studies on sLaphylococcal

enËerotoxin produeËion in differenÈ Ëypes of mí1k (Donnelly et a1., 1968;

Tatini et al. , L97Ia) and cheese (Tatini et al., 1971b), Ëherefore,

served as reference Ín setting up specific experimental controls and

linits for Ëhis investigation. This study also investigates the feasi-

bility of the solid-phase radioiilrrunoassay technique (which ís still in

the developmental stage) for Ëhe deLectíon of enLerotoxin in cheddar

cheese.



REVIEW OF LITERATURE

Staphylococcal Food-poisoníng

Staphylococcal food-poisoníng.is an i-ntoxication due to the

ingestion of preformed enterotoxin produced by Staphylococcus aureus

in the food, rather than an infection due to the organism itself, as

is the case with Salmonella food-poisoning (Dack, L956; Elek, f959).

Thus, in order for the disease to occur, conditions must be favorable

for an extensive growth of the organism with a concurrent production

of enterotoxin in the food. Once the enterotoxin is present, the

danger of food intoxication exists regardless of the destruction of

the organisms thereafter. As little as I pg of enterotoxin per 100 g

of food has been shor^m to cause illness (Casman and Bennett, L965).

Following ingestion of food contaminated with sufficient

quantities of enterotoxín, the onset of symptoms is quite rapid and

characteristic. The sympLoms usually appear v¿ithin two to four hours,

but the onset time may vary from half an hour to eight hours depending

on individual suscepËibility and the dosage consumed. Primary symptoms

are nausea, vomiting, retchíng, abdominal cramps, and dÍarrhea. They

are often accompanied by complications such as sweating, prostration,

dehydration, shock, blood and mucus in the stools and vomj-tus. Fever

is common, but subnormal body temperatures are not uncofitmon. The dis-

ease is acute and self-limiting, with complete recovery vrithin tr^/enty-

four to seventy-two hours. In severe cases, hospitalization is neces-

sary and supportíve treatment is directed Ëowards relieving shock,

preventing dehydraÈion, and controlling vomiting and diarrhea (Angel-

otti, 1969). Therefore, even though the disease is characterized by

1ow mortality and relative short duration, the frequency of outbreaks



and severity of symptoms mark staphylococcal food-poisoning as an

important food-borne hazaxd.

Steps leading to staphylococcal intoxicatÍon are as fol-lows

(Bryan, 1968):

(a) A reservoír for an enterotoxigeníc strain of S.

(b) A mode of dissemination of the organism.

aureus.

(c) Contamination of a food capable of supporting its growth.

(d) A temperaËure Ievel for a Lime sufficient to permit adequate

multiplication of rhe organism and enterotoxin product.ion.

(e) The comsumption of a sufficíent amount of enterotoxin by a

susceptible person.

The largesE reservoir for staphylococci is man, and the main

foci of multiplication are the nose, skin, throat, and lesions (I^iilliams,

1946; Williarns, L963). Staphylococci are v¡idely distríbuted in air and

dust, as well as in v/ater, mi1k, food, feces (Minor and Marth, L972a),

and sewage (Angelotti, L969). These pathogens can also infect animals

and insects (Bryan, L969; Moorehead and Inleiser, L946) which are then

able to Ëransfer the organisms through infections such as sepsis and

mastitis. Hence, this ubiquity of staphylococci in man and his envir-

onment ensures widespread colonization in food regardless of care in

food handling (Merson, L973). rE is not unconnon for raw milk, cheese

(Minor and Marth, L972a),and market mear samples (Joy, 1962) to contain

detectable numbers of S. aureus. For this reason, staphylococcal food-

poisoning continues Ëo be one of the prevalent food-borne diseases.

Methods of controlling outbreaks of staphylococcal food-poisoning

musË be aimed at one or more of the above steps in the propagation of

the intoxications. The only practical area for immediate control of

the problem is the prevention or retardation of staphylococcal growth



in food. However, considerable efforts should also be directed to-

r¿ards minimizing opportunities for transmission of the organism whích

can be achieved by good personal hygÍene and sanitary food processing.

Some factors for control of thís problem r¡/ere reported by Troller (L976)

The Occurrence of Staphvlococcal Food-poisoning in Milk and Dairv Products

Food-poisoning by S. aureus predates the scientific díscovery

of the organism (Dack, f956). The first recorded outbreak appeared

in 1884, when 300 cases of severe illness rüere reported in Michigan

r¿hich \n/ere attributed to comsumption of cheddar cheese. Vaughn (1884)

ingested filtrates extracted from the cheese and developed the i1lness.

Microscopic examination of the cheese revealed spherical bacteria.

He thus concluded that the bacteria produced a chemical poison respon-

síble for the intoxication, buË he v¡as unable to identify the toxic

material.

The first ¡¿ell-documented reporË which clearly identified

staphylococci as the causative agents did not appear until 1914 r¿hen

Barber (f9f4) studied a milk-poisoning outbreak in the Philippines

and was able t,o isolate staþhylococci from the milk of a cow with

mastitis. The milk when consumed without prior refrigeration caused

considerable gastroenteritis in human beings. The sígnificance of

this work went unrecognized for some years, and food-poisoning in

general was ascribed to other bacterial agents (Connell' 1959).

Dack et a1. (f930) ísolated S. aureus from

the cream filling of a Christmas cake responsible for a food-poisoning

incident. Culture filtrates of t.he isolated bacteria, when swallowed

by some human volunteers, produced gastroenteritis. Shortly after this

report, comparing this information to several other cases in his files,



Jordan (f931) concluded that staphylococcí r¡¡ere responsible for produc-

ing a toxic substance in food. Since then, the role of staphylococcí

as a cause of food-poísoning has been duly recognized. The long delay

in thís recognition is due largely to the focused attention on Salmon-

ella or paratyphoid organisms, a group detectable v¡ith much less efforË.

In a published' review, Stone (1-943) ta¡ulated 82 re-

ported outbreaks of staphylococcal food-poísoning for the period L907-

1939; 63 of these involved at least 4,L23 indÍviduals. These include

seven ouËreaks caused by the consumption of rar¿ milk with 506 persons

involved, and six outbreaks in which butter was implicated. Other raw

rnilk-poisoning outbreaks ínclude a 57-case outbreak in a l^Iorld tr^iar II

defense plant (Perriello, L944), one affectíng 75 people in Africa

(Drysdale, 1950), tÞro cases in England and Wales (SmiËh, 1955), a

fanily outbreak traced to mastitic cows (Inlallace et a1 ., f960) and

one affecti-,n.g 26 campers also traced to mastitic coTrs (Bothwell, 1963).

Dauer (f960) reported five out.breaks attributed to the consump-

tíon of milk and nilk producËs. These include one outbreak due to

consumption of unpasteurized milk, one traced to ice-cream made r¡it.h

unrefrigerated raw milk, and five cases of gastroenteriÈis in a family

group who aËe cottage cheese. Two outbreaks due to the comsumption

of pasteurized milk have been reported, one affecxi.ng 29 people

(Hackler, f939) and Èhe other affecting 32 persons (Caudill and Meyer,

f943). Several outbreaks of staphylococcal food-poisoning associated

with the consumption of spray-dried milk were also recorded. These

ínclude eight outbreaks that occurred in school canteens in England

during 1953 involving I,190 children (Anderson and Stone, 1955; Hawley

and Benjamin, 1955; Hobbs, 1955), and a series of nineteen outbreaks

of gastroenteritis which occurred among school children participaÈing
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(Arnrijo et a1. , L957)

The occurrence of several outbreaks of staphylococcal- food

poisoning traced Èo contamÍnated cheese gave addÍ-tional emphasis to

the problem (Agenjo, 1952; Hendricks et al., rg5g; Hausler et al.,

1960). The U.S. Public Health Service has recorded several outbreaks

during the period L944-r952 (Hendricks eË al., 1959). Tanner er al.,

(1953) reported 2l cases in eight families in Germany, based on symp-

Ëoms and epidemiological evidence as being due to staphylococcal

enterotoxin in cheese. Dauer and Sylvester (L954, 1955, 1956, L957)

recorded one outbreak from homemade cheese in 1953; nine cases from

food containing cream cheese, and one faurily outbreak from cheese

in 1954; nine cases due to cheddar cheese, from which staphylococcÍ

were Ísolated from the center of unopened samples in 1955; and one

outbreak with 80 cases from cheese sauce in 1956.

In 1958, 200 persons became ill at a state ínstitution in

rowa. Raw milk cheddar cheese, four Ëo eight months ord was the

cause (Hendricks eË al., 1959). About 877" of. 85 cheeses r^/ere con-

tamínated \,riËh ß-henolytic, coagulase-positive S. aureus., one of which

was shown to be an enËerotoxin producer. rn the same year, a series

of staphylococcal outbreaks in l^Iisconsin, Michigan and Indiana were

reported (Allen and SÈovall, 1960). Seventy-eight cultures of S. aureus

were isolated from these cheeses and from the mílk used in cheesemakíng,

as well as from swabs taken in dífferent areas in the factory. Two of

these were shov¡n to be enteroËoxin producers.

In 1961, an outbreak of cheese-poisoning occurred in Ëwo London

hospitals. The cheese was found to contain approximately 200 million

coagulase-positive s. aureus of phage type 42D per gram (Epsom, 1964).
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ZeLrren and Zehren (1968a ; 1968b) reported another outbreak of

staphylococcal food-poisoning whích occurred in the fal1 of 1965 over

a r,¡idespread area of the United States of America. Cheddar

cheese and a small quantity of Kumínost and Monterey cheese produced

from a Missouri dairy plant were found responsible. Inlhen the outbreak

occurred, there weîe 21112 batches of cheese still ín storage, 59 of

which were found to be toxic. One of the more toxic cheese batches r¿as

found to contaÍn approximately 12 pg of enterotoxin per 100 g

cheese using the mícroslide immunodiffusion method.

of

Some recent recorded staphylococcal intoxications include one

involving 22 cheese samples, each of which caused sickness in tr¿o to

turenty-six persons (Miller, I974); one involving 100 people in France

caused by past.ry cream; and incidents caused by pastries and Robbiole

cheese (Caserio et aI. , 1-975). For more detailed records, readers

should consult the Morbidity and Mortality tr^Ieekly Reports issued by the

U. S. Public Health Service.

Sl¿phyfoc-occus aureus - the organísm

1. History

Staphylococci vrere observed in pus and cultivated by Koch and

Pasteur in 1878 and 1880, respecËively. Sir Alexander Ogston is cre-

dited with applying the name "staphylococcus" in tBBl because of the

typical grape-like clusters of cocci he observed in cultures. The name,

derived from the Greek nouns rstaphyler ("bunch of grapes") and tcoccus'

("a grain or berry"), is very descriptive and appropriate. It rn'as

Rosenbach, however, who, after careful and systematic study of the org-

anism, obtained in 1884, pure cultures of the organism on solid media.
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Using the generíc name "SEaphylococcus", he classífied the group ínto the

century, oÈher varieties ofalbus and aureus forms. By the turn of the

Staphylococcus were studied and named.

2. Classification

According to the Bth edition of Bergeyrs Manual of Determinative

BacÈeriology (L974), the family Micrococcaceae can be delineated into

three genera: Micrococcus, Staphylococcus, and Planococcus on t.he basís

of motility, glucose fermentation, DNA contenË, and sensítívity to

lysostaphin as follov¡s:

FAI"ÍILY:

GENUS:

Grau (+) spherical cel-ls

irregular clusters

'tetrads

norilíty

G + C DNA content (molesZ)

lysostaphin sensitivity

glucose fermenËaËion
(anaerobically)

Micrococcaceae*

*' * = mosË strains positive (9O% or more);

(907" or more); d = some sËraÍns positíve,

characters inconsistent and i-n one strain

sometimes negative; NT = noË tested.

- = most strains negaËÍve

some negatíve; v =

may someËimes be posiËive,

Micrococcus

66-7 s

Staphvlococcus

+

+

30-40

+

+

Planococcus

+

+

+

39-s2

+

+

v

Staphylococcus aureus is by far the best defined species in the
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genus Staphylococcus, and is differentiaËed from the other two species,

S. epídermis and S. saprophvticus, by iÈs production of coagulases, heat-

resistant nucleases, cÌ - Loxin, acíd from mannitol anaerobically, and the

presence of protein A in its cell wal1. A delineation outline can be

drawn as follows:

GENUS:

SPECIES:

coagulase production

manníto1 : acid aerobically

anaerobically

Ëhermostable nuclease

cl, -toxin producËion

enterotoxín production

cel1 wa1l: protein A

biotin for growth

novobiocin sensitÍvity

Staphylococcus*

S. epidermis S. saprophyËicusS. aureus

+

+

+

+

+

+

+

d

NT

d

+

++

* = mosË straíns positive (90"/" or more) . - = most sËrains

(90% or more); d = sone strains posÍtive, some negative;

characËers i-nconsist.enË and ín one straÍn may sometimes be

sometimes negative; NT = not tesËed.

negative

v=

positive,

S. aureus can be sub-dívided into a number of varieties. Evi-

dence has shor¿n Ëhat it is possible to dÍstinguÍsh beËr¿een sËrains from

human and those from other animals by differences in phage susceptibil-

íty, antigenic componenËs of the cell wa11, sensitivíty to anËí-microbial

agents, nutritional requirements, and biochemical characteristics
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such as coagulation of different animal plasmas, hemolysin types,

fJ-brinolysin productíon, and serologi-cat differences in nucreases

(Baird-Parker, L974). Baird-Parker suggested rhat the mosr accept-

able of the proposed divisions of s. aureus is that dividing this

organism into biotypes, and the most comprehensive of Ëhese is that

proposed by Uå3ek and Mårsalek (Baird-Parker, Lgl4) since such a

separation has practical value, particularly to Ëhe food microbiol-

ogist, who not infrequently wishes to know the origin of a particular

type of s. aureus found in a food.. nå3et< and Mårsalek subdivided s.

aureus into six biotypes: A, B, C, D, E, and F representing an

origin from human, pig/poultry, cattle/sheep, hares, dogs, and pigeons

respectively. More details can be found in the Recent Advances in

staphylococcal Research (Yotis, Lg74). rt is also possible to divide

Ëhe biotypes further by phage typing (Meyer, 1967).

J. General Characteristics

Bergeyrs Manual of Determinative Bacteriology (L974) defines

S. aureus as non-motile, Gram positive spherical cells, occurring singly,

in pairs, in tetrads, and dividÍng ín more than one plane to form

irregular clusters. They are generally 0.8 to r.0 p ín diameter. rn

addition to being facultatively anaerobic, they are catalase pos-

itive, non-photosynËhetic and do not form spores. Many strains produce

an orange or ye11ow pigment, particularly on medía cont.aining high

levels of sodium chloride. Most strains form aceEone from glucose,

and ammonia from arginine, reduce nitrates to nitrites, and ferment a

variety of carbohydrates. They can acidify litmus milk, and may cause

coagulation.
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4.

The optirnum temperature for growth is 37'C. They are also

able Ëo gro\¡r at 10o and 45"C, but these temperatures are very near

the minimum and maximurn growth temperaËures, respectívely.

Characteristics Suggested as Indices of Staphylococcal Enterotoxi-
genicity.

Based on research studies, several cultural and physiological

characËeristics have been suggested as indíces of staphylococcal enter-

otoxigenicity. These characËeristics include chromogenesis (Feldman,

L946; Evan and Niven, f950; Muth, L97L), coagulase production, mannitol

fermentation ( Gwatkín, L937; Joshí and Dale, L963; Abd-El-Malek and

Gibson, 1948), hemolysin producÈion (Zemelman and Longeri, 1965), protein

A production (Forsgren, I970; Jay, L97L), gelatin liquefaction (Stone,

f935), and deoxyribonuclease production (Chesbro and Auborn, L967).

However, other vrorkers found no correlation between enterotoxin pro-

duction and characteristics such as pigmentation, hemolysin productÍon,

mannitol fermentatíon, gelatin liquefaction, lipolytic and proteolytic

action, bacteriophage, and antíbiotic sensiËivity -(Hussemann and Tanner,

1949; NorÈh, L943; Clark et al. 1961; Otenhajmer et a1.', 1975).

Coagulase producËion is generally accepted to be the best

indicator of potential pathogeniciËy. The coagulase test, suggested

by Chapman (L944), is an indicator for the presence or absence of an

enzyme capable of c1oÈting citrated rabbit or human plasma. Coagulase,

apparently is produced only during the exponential phase of grovrth

(Paríza and Iandolo, L969); however, beíng a protein, active protein

synthesis, rather than growth per se is necessary for its production.

However, some coagulase-negatj-ve Staphylococcus strains were found to
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produce enterotoxin (Bergdoll et al., 196l; Thatch and simon, Lg56) .

It is questionable, therefore, wheËher coagulase production Ís a síngle

prime determinant in enterotoxin producËion.

Recently, Lachica et a1. (1969), suggesÈed that the presence or

absence of a heat-stable deoxyribonuclease (thermonuclease) could serve

as an index of enËerotoxigenicity. S. aureus, including enterotoxigenic

strains, produces an extracellular deoxyribonuclease that is heat-stable

(I^Ieckrnan and catlin, 1957; Lachica et al., 1969) and that can be rapidly

assayed (4-6 hours) by an inexpensj-ve and símpIe procedure (Lachica et

aL., 1971b). Close correlations betr,¡een S. aureus growth and thermo-

nuclease production, and beËween thermonuclease and enÈerotoxin produc-

Ëion, were demonstrated in various types of cheese (cords and Tatini,

1973), ham (chesbro and Auborn, 1967), beef and pork (Lachica et, ar.,

I972). I{orking with several different S. aureus straíns, and a variety

of foods, Tatini et al. (1975) showed that thermonuclease was detectable

in every substrate test.ed, whenever s. aureus grer¡r, but, prÍor to the

accumulation of detecËable amounËs of enteroËoxins. Also, LoËter and

Genigeorgis (1975) sËudied eíght coagulase-negative enËerotoxigenic

strains and found that they all produced thermostable nuclease. on

the basÍs of their data, and dat.a reporËed elsewhere, they suggested

that these organisms should be considered as variants or mutants of

S. aureus.

In spiÈe of all the extensive research studies, no single physi-

ological characterÍstic, or combinatíon of characËeristics, possessed by

S. aurêus has yet been found to be an absolutely reliable indÍcator of

enËerotoxigeniclty .
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Isolation and Identificatíon of ,1. ¿uIeug from

Mílk and Milk Products

I. Isolation

The selecÈivÍty of a medium used for the isolaËíon of S. aureus

is based on its high tolerance to inorganic and organic salts such as

sodium chloride, lithium chloride, potassium tellurite, potassium thio-

c)mate, and sodium azíde; amino acíds such as glycine (required Ëo form

cell-wa11 mucopeptide); and antíbiotics such as polymyxin. However,

such media will not suppress the growth of all micro-organisms other

than S. aureus ín a míxed flora. Therefore, various diagnostic tesÈs

such as Ëhe production of acid from mannitol, the hemolysis of erythro-

cyÈes, the coagulation of animal blood plasma, the hydrolysis of DNA,

and the clearing of egg-yolk are incorporated in order to recognize the

presence of this species on these media. For example, the tellurite

glycine medium (zebovLtz eË al., 1955) and the vogel and Johnson agar

(Vogel and Johnson, 1960) are based on Ëhe ability of S. aureus to

aerobically reduce a tellurite salt to elemental tellurium, Ëhus forming

blaek colonies on agar media. The egg-yolk-sodium-azide agar (Lundbeck

and Tirunarayanan, L966), Ëhe tellurite-polymyxin-egg-yo1k agar (crisley

et al., L964), and Ëhe Baird-Parker medíuu are based on the ability of S.

aureus to clear or precipitate egg-yolk by the production of lipoproteín

lipases which splits the lipid moiety from the lipovitellenin present in

egg-yolk (Tirunarayanan and Lundbeck, L967>, Ëhus forming a clear zone

around each colony in the agar (Hopton, 1961). Mannitol employed as Ëhe

major source of carbon, along r,¡íth a pH índicator, has been employed as

a selectj-ve agent in medía such as in Staphylococcus ll0 medium (Chapman,

1946) and Ëhe mannitol sart agar. Fibrinogen has also been used as



77

a differentíal agent (McDivitt and Topp' 1964). It is digested by

coagulase-positive staphylococci, thus forming halos around colonies

on agar containing this agent. Some of the other dífferentíal media

are mílk salt agar, Polymyxín-B-sulfate medium, Bovine Blood a9ar, and

Phenolphthalein phosphate agar with polymyxín (Gilbert et aI., 1969).

Opiníons are dívided as to the best media for the detection and iso-

latíon of S. aureus, and no single medium ís suiEable for al1 situatíons.

For the isolation of these organisms from foods, the egg-yo1k containing

selective media, relying on the clearing of egg yolk as the díagnostic

reacÈíon, are most reliable (Baird-Parker, L962; Crisley et al. ,L964;

Sinell and Baumgart, L966; Holbrook et al. , 1969). These media are

very useful for detectíng small numbers of S. aureus cells in the pre-

sence of the mixed flora found in many foods, while Baird-Parker medíum

is partÍcularly effecËive for detecting organisms damaged by heating,

drying, irradiation (Baird-Parker and Davenport' f965), and fteezing

(Ostovar and BremÍer, L975). Organisms undergoing some physical stress

normally are unable to gro\^r on many of the media usually used for iso-

latíon. l"lost of the selective media used for isolating staphylococci

are significantly inhibitory to the growth of one or more strains of

S. aureus. Media with egg-yolk are generally less inhibítory to staphy-

lococci (Baer et al. , 1971) because egg-yolk was found to act as a

protective agent for staphylococci. The protective action r^Ias more

effective in tellurite-containing selective media than in salt-

containing selective media (Stiles and Clark' L974).

The isolation of S. aureus from a mixed flora such as that

many of the growth

the same or similar

found in milk and rnilk products is complex, since

requirements and characteristics of S. aureus are
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to those of the other mícro-organisms. Joshi and Dale (1963) found

Tellurite-glycíne agax to be unsatisfactory for the selection of

coagulase-positive staphylococci from rnilk because most coagulase-

negative staphylococcí grew on the medium in the presence of rnilk

(Joshi et al., 1963). Marshall et a1., (1965) also found rellurite-

glycine and Vogel-Johnson agars too inhíbitory to be used for the

enumeration of staphylococci in dry roilk. Many coagulase-negative

cocci and some rods were observed by McDiviËt and Jerome (1965) to

grovr on Fibrinogen-polymyxin agar and Staphylococcus 110 rnedium used

to isolate organisms from raw milk. Fibrinogen-t.ellurite-glycine

agar !¡as found (Jasper and Jain, 1965) very useful for isolaring

staphylococci from milk in the presence of other micro-organisms.

Also, media containing L07" bovine blood were found suitable for de-

tecting S. aureus in dairy producËs (Rammell and Howick, 1967;

Munch-Peterson, I97O). Baird-Parker medium was found to be most

effective in suppressing coagulase negative staphylococci (Gilbert

et al., L969). Moreover, ít has been found superior in recovering

subleËhally heated ce11s of S. aureus (Gray et al. , 1974; Collins-

Thompson, eË al., L974; Stiles and Clark, L974).

Sampling and sample preparation procedures are given by I,rlalter

G967). Considerable evidence has been publíshed (BusËa and Jezeski,

L963 ; SÈíles and Clark, L974; Collins-Thompson et al., 7974) regarding

the adverse effecËs of salt on physiologically impaired cells of S.

aureus, such as are Èo be expected in processed food. Therefore, a

method for the enumeration of S. aureus eliminating the use of salt

was devised by the U. S. Food and Drug Administ.ration. On the

basis of the results from a collaborative study, the Associat,e Referee
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reconmends that direct plating with Baird-Parker medium be adopted

as official first actíon for isolation of S. aureus from food. The

method involves surface plating díIuËions of a food sample on Baird-

Parker medium, and incubating for 45-48 hours at 35-37"C. Typical

black colonies are inoculated into brain heart infusion broth and

the cultures are tested for coagulase activity after 18 hours of in-

cubation at 35-37oC (Baer et al., L975).

., Identification

The most convenient and reliable current diagnostic test for

S. aureus so far is the production of coagulases. However, it is im-

portant to reaLLze the limitations of this test. Coagulases should be

tested under carefully sËandardized conditions, using rabbit or human

plasma in a tube test (Recommendations, 1965). According to Tager

and. Drummond (1965), the slide test ín reality detects the trcrumping

factor'r which is regarded as distinct from "coagulase", alËhough

recent observations by Blackstock eÈ a1. (r968) suggest that they may

be closely related. The use of the slide rest is also limited by the
'frequent necessity to subculture from a selective agar onto a non-

selective agar Ëo obtain reliable results.

Coagulases, although produced by almost all sÈrains of S. aureus,

may notrhowever, be detected for a variety.of reasons (Baird-parker,

1965b): - (i) growth under unsuirable condirions; (ii) use of plasmas

deficient in fibrinogen; (iii) production of fíbrinolysin, sÈaphylo-

kinase and/or coagulase-destroying factors. l"lost plasmas contain citrate

as the anti-coagulation agent; citrate-utilizing bacteria (e.g. fecal

streptococci and some members of the Enterobacteriaceae) may cause false
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clotting of such plasmas (Evans et al., 1952). However, false-positive

reactions can be reduced by addíng 0.L7. ethylenedíaminetetraacetic acid

to a citrate-conËaining plasma (Baer, 1968). Also, bacteria other than

S. aureus, for example, Yersina (Pasturella) pestis (Eisler, 1961) may

produce coagulases. Therefore, complete reliance on a single test,

such as the coagulase test, for recognizing S. aureus, may lead to an

erroneous diagnosis. trrrhenever possible, further tests should be done

to confirm the identification.

Another import.ant diagnostic characteristic of S. aureus is

the production of heat-resistant nucleases (Chesbro and Auborn, L967).

IL ís imporËant to note that, whereas S. aureus nucleases will resist

boiling, similar nucleases produced by ofher organisms, includíng

S. epídermis, are destroyed by heating (Lachica et al., L971a). Thomas

and Nambudripad (L974) reported that 30 out of 125 strains of Strepto-

coccus fecalis produced thermonuclease. However, it was found

to be optimally active in the acid pH range of 6.7 (Nambudripad, 1975).

In this regard, staphylococcal thermonuclease is different because it is

opËimally active at a pH of about 9.0 (Tatini et al., 1976à). Recently,

confusion and difficulty were reporËed from several r,¡orkers (Sperber and

Tatini, L975; Rayman et al., 1975) in the inËerpretation of the coagulase

test. Rayman et al. (1975) suggested that the thermonuclease

test should be performed on cultures with doubtful coagulase reactions

before classifying them as S. aureus.

Until lately, the coagulase test

diagnostic test in food processing plants.

however, requires an additional day or trvo

(AOAC , L975; Thatcher and Clark, 1968).

has been the most adopted

The need for the Ëest,

in most diagnostic schemes

In efforts Ëo develop a more
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rapid test' the incorporation of plasma into plating media has been pro-

posed. Orth and Anderson (f970) described a polymyxín-coagulase-mannitol

agar medium which has overcome many problems encountered by previous work-

ers with plate coagulase tests. The recent description of a CoDNase spot

plate method by Mot and Vincentie (I975) appears to represent an important

advance in media for detectíng S. aureus. The method involved plating

r¿ith CoDNA agar (lNase agar containing coagulase plasrna) and incubaríng

for 18-24 hours at 37"c. coagulase positive colonies appear black, and

are surrounded by a zone of precipiËation, after the plate is flooded

with 1 N HCl. DNase activity is demonstrated by a clear zorLe v¡hich

is surrounded by a precipitation zone on a hazy clouded plate. The

workers reported good agreement between the spot plate method and con-

ventional tests for coagulase and thermonuclease activity indicating it

promises to be a useful medium.

very recently, Lachica (L976) reported a sirnplified thermo-

nuclease test for the rapíd identífication of S. aureus. This involved

heating of agar plates wiËh grov,rn coloníes for 2 hours in a 6Ooc oven

followed by an overlay r^iith 10 ml of molten toluídine blue O-deoxyribo-

nucleic acid agar. An s. aureus colony is identified by a bright pink

zone afËer incubating for 3 hours at 37oc. working with food sample

analysis for a year, the author also reporËed that atl suspecËed colonies

confirmed as S. aureus were positive r¿iËh the simplified thermonuclease

test. Hence, such a rapid and simple test may prove to be an ímprovement

over Ëhose in current use.

Other diagnostic tests such as phosphatase production (Tirun-

arayanan, 1968; Malveaux and san clemente, L967); alpha, beta and delta

hemolysin production (E1ek and Levy, 1950); and clearing of egg yolk
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less valuable since they are not specific for S.

1963; Kleck and Donahue, f96B; Kocur et al-., L966).aureus (Baird-Parker,

Staphylococcal Toxins wíth Emphasis on Staphylococcal Enterotoxin

1. Staphylococcal Toxins in Generral

The notion thaÈ pathogenic bacteria might produce their

harmful effects by means of poisons is almost as old as Ëhe noËion

of pathogenic bacteria itself. Early in L872, Klebs suggested that

chemical substances ("sepsins") were responsible for the lesions

caused by stapþylococci, but produced no evidence for the existence

of such substances. In 1BBB, working lrith diphrheria Eglilluri, Roux

and Yersin discovered Ehat thisttpoisonous substancet'\,ras attkind of

enz¡mett, which they named, for the f irst time, a tttoxintt. Today,

we understand toxins are distinct from simple chemical poisons by

virtue of their microbial origin, high molecular weight, and their

antigenicíty. In general , there are t\,ro types of bacterial toxins,

namely, ttexotoxinstt and ttendotoxins tt. The prefixes exo- and endo-

are novr retained by convention mainly for historical reasons, and

the fundamental difference between Ëhese toxins is concerned not so

much with wheËher they are found outside or inside the bacterial cell,

buË with their structure. The exotoxins are prot.eins, probably.without

any nonprotein residues, and are anËigeníc; the endotoxins are anti-

genic complexes of protein, polysaccharide, and lipid. From a mícro-

biological standpoint, exotoxins are produced generally by Gram positive

organisns (except Shigella dysenteriae and Vibrio cholerae exotoxins)

into the culture medium during the logarithmic, or declining phases of

growth, but may be released on autolysis. Endotoxins are all produced



23

by Gram negatíve organisms from the bacterial cell wa1l, and are

released only on autolysis.

S. aureus is Gram posítive. It produces toxíns which are

protein in nature and are found outside the bacterial cel1s at all

phases of growth. Hence, staphylococcal toxins are t'exotoxinstt.

Some of the exotoxins and their mode of action are listed below:

I. cx.- Eoxin (cx hemolysin) - dermonecrosis, hemolytic

2. ß - toxin (ß hemolysin) - hernolytic to sheep, emesis in cats

3. y - toxin (y hemolysin) - heinolytic to rabbit leukocytes

4. ô-toxin-hernolytic

5. e-toxin-hemolytic

6. hyaluronidase - spreading factor

7. coagulase - coagulates plasma

B. staphylokinase - fibrinolytic

9. enterotoxin - emetic

10. leukocidin - kills rabbit and human leukocytes

Additional information is furnished by Montie et al.(1970).and Cohen (L972).

2. Staphylococcal Enterotoxins

The heat stable toxins causing staphylococcal food-poisoning

are referred to as enterotoxins. This term implies that their primary

site of action is ín the enËeric tract of man and other animals (Lam-

anna and Carr, 1967). As yet, the enterotoxin has not been proven to

act directly on the enteric tract, although Ehere is some suggestive

evidence of gastric and intestinal localization of iodínated Ëoxin

(Arghittu et al. , L962) and histopathological changes in the intestinal

tract following oral toxin administration (I{ang and Borison, 1951).
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The gastrointestinal tract is extremely sensitive to stimuli from the

nervous system and evidence has accumulated ¡¡hich suggests a dírect

nervous stímulus for the emetic action of this toxin (Sugiyama and

Hayama, L965; Sugíyama, L966). However, the temptation to classÍfy

the staphylococcal toxin causing food-poisoning as an enterotoxin is

great, since the gastroíntestinal signs are the most Prominent.

The purification of a protein that caused emesis in monkeys

led to the discovery that staphylococcí produce more than one entero-

toxin (Bergdolt et al., 1959a) and the basis for dífferentiation being

their reaction with specific antibodíes. This basis was used in estab-

1íshíng a nomenclature, designating them as enterotoxins A, B, C, etc.

(Casrnan et al., 1963). To date, enterotoxins A (Casman, 1960) ' B

(Bergdotl et a1.,1959a), C, and C, (Bergdoll et al.,1965), D (Casman

et al. , L967), and n (Bergdoll et al., l97L) have been identified with

the seventh enterotoxin F still in the process of isolation. Also,

refined procedures for purification of enterotoxin A (Chu et al., L966;

Tan et a1., 1969), B (Bergdoll et al., 1959b, I96L; Frea et al, l-963:'

Schantz et al., 1965), Cr(Borja and Bergdoll, 1967), and E (Borja et

al., L972) have subsequently been published.

A. General Properties. The purified enterotoxins are fluffy, sno\^/-

white materials that are hygroscopic, and readily soluble in vrater and

salt soluËions (Chu et al., L966). It does appear that the molecular

weights of all enterotoxins are within 26,000 - 30,000, which is what

one r¡ould expect in the case of a cornmon group of proteins. Some of

the chemical and physical properties of these enterotoxins have been

tabulated by Bergdoll et al. (1974).
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ENTEROTOXIN

ct cz

Nitrogen content,, Z

Sedimentation coef f ici-ent
(s20,\ùo) ' s

Molecular weight

Isoelectric poinE, pH

Extinctiot, U, 
"rt%

L6.2

3. 03

27 ,BOO
(34,700)

7.26

14 .6

16. I

2.89

28,366

8.60

14. 0

16.2

3. 00

26,000
(34,100)

8.60

T2.L

16.0

2.90

34 ,100

7.00

T2.I

2.60

29,600

7 .OO

12.5

B. Stability of Enterotoxin. The enterotoxins in the active state are

resistant to proteolytic enz)rmes such as trypsÍn, chymotrypsin, rennin,

and papain. Pepsin destroys their activiEy at a pH of about 2 (Bergdoll,

f970), but is íneffective at higher pH values (Bergdoll, L966).

The enterotoxins are considered to be quiÈe heat resistant since

boiling of crude enterotoxin solutions for 30 minutes does not destroy

all their activity. The heat inactivation of enterotoxin A was found

to be dependent. upon the concentration of the enterotoxin (Hilker et al.,

1968; Denny et al. , 797L). Enterotoxin A was inactívated by less heat

in a pH 7.2 phosphate buffer than in a pH 6.2 beef bouillon. fn beef

bouillon, heat inactivation was faster at pH 5.3 than at pH 6.2 The

Z values ( the degrees Fahrenheit required to reduce the thermal death

tirne tenfold ) for the inactivation curves at pH 6.2 ar'.ð,5.3 were 4g.5"

and 55oF (.about 27"c and 30"c), respectively (Hurnber et a1. , rg75).

The enËerotoxin can also be inactivated by processes used. in canning

(Denny et al. , 1966), although pasteurization or spray drying of milk as

currently practiced does not inactivaÈe enterotoxin B (Read and Brad-

shaw, 1966). Thermal inactivation of enterotoxin B vras noËed by

satterlee and Kraft (1969) Ëo be quite rapid in phosphate buffer at
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pH 7.4 and in 0.85% saline at 60-110"C. This rapíd inacrivarion of

Ëoxín, horvever, accounted for onLy 65-75% of. the initial toxin. The

remaíning toxin was inactivated more s1ow1y. A more rapíd loss of

activíty was observed at 70-80"C than at 90-100'C (Jamlang et al.,

1971) .

Irradiation of enterotoxin B was sludied by Read and Bradshaw

(L967) who deÈermined that a dose of 5 Mrad of y-irradiation was re-

quíred to reduce the concenËration of 31 ]rB of toxÍn to <0.7 pg per

ul- in Veronal buffer.

C. Antigenicity. As early as 1938, Davison et al., (1938) found that

eriterotoxin was antigenic by using subcutaneous injections of toxic

filtrates from sËaphylococcal cultures in monkeys and kittens. It

r^7as not until L952, however, that the property of antigenicity possessed

by enterotoxin was demonstrated by an in vitro serological procedure.

At the time, Surgalla et 41. (L952) observed antigen-antibody reactions

in agar and recognized Ëhe presence of a number of antigens in the

enterotoxin preparaËion. Bergdoll et al. , (1959b) indicated thar

their partially purified toxin preparation contained at least six anti-

gens. They also provided evidence that j¡rmunologically distinct

enËerotoxins existed (Bergdoll et al., 1959b). Later, with the avail-

ability of highty purified ent,erotoxin, highly porent and specific

antisera were produced (Casman and Bennett, L964).

Initially, Ëhe only observable difference between entero-

toxins C, and C. was thought to be in their isoelectric points, butLZ

on close examination it was apparent, in Ouchterlony plates, that

Ëhe reaction of the enterotoxins with the heËerologous antibodies
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vras not complete. The major antígenic sites are the same for both

enterotoxins, but each apparently has a specific minor antigeníc site.

Bergdoll et al. (197f) showed thaË cross reactions of enterotoxin A

wiLh E antiserum, and E with A antiserum did occur. These reactions

showed that enterotoxin A and E not only had major heterologous anti-

geníc si-tes, buË also had a coflrmon minor antígenic site. Gruber and

Injright (.1969) showed that enterotoxíns: B. and C contained si.milar anÈi-

genie determinant groups. Information available concerning the entero-

toxíns shows that they are a closely related group of proteins with a

common toxic action. Bergdoll et a1. (L974) believed that the site

responsible for the toxic acËion is a conrnon one in all of the entero-

toxins and is not involved in the antigenicity of the toxíns.

Recently, Yámada et al. (1977) has demonstrated the hetero-

geneity of enterotoxin A by isoelectric focusing and disc electro-

phoresÍs. The toxin was found to be composed of three immunologically

identical fractions wiËh isoelectric points of 6.5, 7.0, and 8.0 ,

two of r¿hich \,rere considered to be charged isomers.

D. Composition. The enterotoxins are single polypeptide chains which

contain relatively large amounEs of lysine, aspartic acid, glutamic

acid, and tyrosine (Bergdoll and Robbins, 1973). Each polypeptide chain

appears t.o contain only two residues of half-cystíne and one or tv/o

residues of tryptophan. The two half-cysËine residues are cross-linkêd

in the native enterotoxin to form a ltcystinett loop. Several amino acid

residues involving part of this loop appear to be the same for the diff-

erent enÈerotoxins and may represent the toxic siËe. The other part
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of the cystine loop may be i-nvolved in the antigenícíty of the entero-

toxin r¡hích is the basis for identifying them as enterotoxíns A - E.

The enterotoxin polypeptide chain contains one disulfide bridge which

can be reduced r¿ithout affectíng Ëhe toxiòity or antigenicity. At

least a part of the tyrosyl and methionine residues, and the carboxyl

and amino groups can be substituted wÍthout adversely affecting the

toxÍ-city of the mo1ecu1e. The amino acid compositions of enterotoxíns

A and E are quite similar, while the compositions of B and C are

similar. The terminal amino acids for the enteroLoxins have been re-

ported by Bergdoll et al. (L974) as follor¿s:

N-terminal amino acid C-terminal amino acid

ð

B

ct

cz

E

alanine

glut.amic

glutamic

glutamic

serine

acid

acid

acid

serine

lysíne

glyc ine

glycine

threonine

Details concerning Èhe compositÍon, amino acid sequence, and conform-

ation of the enterotoxins are furníshed by Montie et a1. (1970).

In addition, the chemistry and characËerization of sËaphylococcal

enÈerotoxins have been adequately reported by Bergdoll et al. (L974).
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E. ProducËion,. The production of high yields of enterotoxins from

staphylococcal cultures and factors affectíng their synthesis

been adequately reviewed by Minor and Marth (L972a) and Bergdoll

CISZO¡, respectivety.

F. Effect of Enterotoxins. Staphylococcal enterotoxins cause

emesis, diarrhea, enterítis, changes affecting the círculatory system

(eg. leukocytosis), and death. More informatíon is furnished by

Montie et al., (1970).

The Presence Growth, and Enterotoxin Production of.1. aureus ín Milk

Raw milk may become contaminaËed vrith staphylococci from

several sources, but the principal one is probably the mastitic bovine

udder. I,Iilliams (1941) studied ra¡¿ milk samples from ten herds and

found that more than 50% of the covrs T¡rere shedding staphylococci in

their milk. Staphylococcal count.s in excess of 1,000 cel1s per rnl

hTere conmon, and most of the isolates \¡/ere coagulase positive. This

work ¡'¡as done before antibiotics were used to treat mastiËis, and the

problem of antibiotic resistance \,ras not yet encountered. Clark and

Nelson (1961) tested twenty Grade A raw milk samples and found they

contained 25 to 3,300 coagulase positive staphylococci per m1 of mílk.

Some workers (Warren and Arends, 1967; Geiges, I972) have demonstraEed

that staphylococcJ- could be transmitËed between cows via milkíng

machines.

Bell and Veliz (L952) found that enteroËoxin was produced by
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25 of. 35 cultures of sËaphylococcí isolated from the udder. Casman

(1965) found 4.2% of.19O staphylococcal strains isolared from raw milk

were enterotoxigenic, of which 76% produced enËeroËoxin A, and, 24% pro-

duced B- More recently, Olson et a1. (1970) isolaËed 157 strains from

mastitic udders, eleven of r¿hich produced enterotoxin C, eleven others

produced D, one produced both c and D, and none produced. A and B.

Murray (1960) sËudied the influence of the holding temperaËure

on the growth of sÈaphylococci in naturally and artífícial]y infected

raw mílk. He found that at. 22"C or lower, Ëhere ü/as very little growËh

and no enterotoxin producËion withír- 24 hours. However, if storage time

at 22oC was increased to 48 hours of sËorage at above 22oC, there r^ras a

substantial increase ín the number of staphylococci present. Holding

raw mj-1k samples at 4oc and 10oc (approxímated by bulk tank and can

holding conditions, respectively), Clark and Nelson (1961) demonstrated

significant gro\^ith of staphylococci at 10oc for seven days, but, not at

4" c.

ïn 1951, SmiËh (1951) reported that the normal microflora of

nílk tend to suppress the growËh of staphylococci in accordance wiËh the

proporËion of S. aureus and Ëhe nat.ural mícroflora. He suggested that a

product with a low microfloral count wiËh a high percenÈage of staphylo-

cocci ís more likely Ëo cause food-poÍsoning than one with a higher

microfloral count.

Donnelly et a1. (1968) inoculated 1ow and high count rar¿ milk

samples with S. aureus, then held the milks at different tempeïatures to

determine both growth and enteroËoxin production. Samples were done in

duplicate. No enterotoxin was produced at 10"c. Enterotoxin A was

detected afËer 5-9 hours at 35oc, 9-12 hours at 30oc, 18 hours at 25"c,
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and 36 hours at 20"C. Although the índigenous microflora grei.{ ín both

duplicate samples of low count raw milk (i.e. mílks with similar initial

populations), staphylococcal growth was found to be more pronounced in

one than in the oËher. This more pronounced growth 1ed to enterotoxin

producEion in one milk sample but noË in the other. Bnterotoxin produc-

tíon in 1ow count milk was more rapid at all temperatures ÈesËed v¡hen the

highest inoculum of staphylococci r¿as added. i^Ihen high count raw milk

was used, a larger S. aureus inoculum was required for enËeroLoxin pro-

ductíon, and Lhen the toxin appeared only at 35oC. Generally, a level
-7

of 5 x 10' S. auJegq per ml was reached before enterotoxin was detected.

S. aureus population of Ëwo to three míllion per ml was noted by

TatinÍ et al. (197La) to produce detectable amounËs of enterotoxin A in

ruilk. ThÍs milk was relatively free of other competing micro-organisms.

The toxin r¡as detected after 4-6 hours in 1ow count raw milk inoculated

initiatly with 103 - tO5 S. aureus per mI. The literature reviewed

índicates that: '

(i) staphylococci are likely to be present in raw urilk;

(ii) some of the staphylococci ín raw milk can produce

enËerotoxin;

(iii¡ growËh of staphylococcf in raw milk can occuï, and

enterotoxin can develop as a result of such growth;

(iv) raw milk \,üith a low initial microflora is more

suitable for growth and enterotoxin production by

staphylococci than is high count milk;

(v) there are differences among 1ow count raw milks

in their suitabllity for growÊh of staphylococci; and

(vi) holding temperatures above 2OoC for more than 24 hours
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are conducive for S. aureus proliferation and enterotoxin production.

using phage-typing, it was shor,¡n that s. aureus isolates ob-

tained from dairy products vrere predominantly 42D or Group IV of bovine

origin. These isolates v/ere more consistent j-n nature than any other

phage group implicated in rhe production of enterotoxin (Thatcher and

Simon, L956; St. George er al., 1962).

Raw milk is normally pasteuri'zed or subpasteurized before it

Ís used for manufacturing purposes. Reiter et al. (L964) showed that

the growth of s. aureus increased 70*fo1d in steamed milk, but only

two-fold or fess in raw or pasteurized milk. Donnel1y et a1. (1968)

tested pasteurized milk as a substrate for staphylococci and found it

was suitable for growth and enterotoxÍn production. From their data,

it is evident that pasteurÍzed milk was even more suitable for enter-

otoxÍn production than was low count raw milk, particularly when the

smaller inoculum of staphylococci was used. Tatini et al. (r97La )

in a similar study subjected the rnilk to several dífferent heat treat-

menÈs. Results obtaj-ned confirm that pasteurized milk (65.6"C for

16 sec) \..7as more suitable for enterotoxin productíon than \^ras the same

milk in the rar,¡ state. The degree of heating, ranging from pasteuriza-

tion to autoclaving, had little apparent effect on the capacity of mírk

to support enterotoxin production.

Rarv and heated milk contain many volaÈile and non-volatile

compounds (Kulshrestha and Marth, 1970) which were found to affect

growth of s. aureus. Kodicek and worden (1944) reporred thar g 
¡rg

of fatty acids per ml of mitk , particularly of linolenic and

linoleic acid acid, \{ere inhibitory to S. aureus. A 992 reductíon in

the growth of staphylococci" was observed when media were adjusted



33

to a final pH of 5.0, 4.6,4.5,4.I, and 4.0 using acetic, lactic'citrict

phosphoric and hydrochloric acids, respectively (Minor and Marth, 1970).

Other faxLy acids (Kabra et al., L972 ; PodesËa and Bertoldini' L967 ;

Vadhera and Harmon, L964, 1965) have also been reporLed to retard growth

of this bacterium. Kulshrestha and Marth (f970) tested 27 vol-atlle com-

pounds and found that fatty acids, aldehydes, amines, and diacetyl were

inhibitory to S. aureus. Recently (KulshresËha and Marth,L974), butyric,

octanoíc, and decanoic acids v¡ere found to be more effective against S.

aureus than other fatty acids at 10 ppm. Also, formaldehyde, diacetyl'

and chloroform inactÍvated S. au_re.llq . Acetonitrile, ether, ethylene-

dichloride and methylsulfone were significantly inhibitory to S. aureus

only at high concentrations. Amines were found to be, in general, more

inhibitory to S. aureus than the alcohols.

The Presence, Growth, and Enterotoxin Production

of "1. Aulcus in Manufactured Dairy Products

The origin of several well knov¡n outbreaks of staphylococcal

food-poisoning have been attributed Ëo cheese, non-fat dry rnilk and

butter, with cheese as Ehe chief vehicle to the problem. Here, cheese

will be dealt with in some detail. The other dairy producËs have been

reviewed by Minor and MarÈh ( L972b ).

Studies by Takahashi and Johns ( f959 ) revealed that 367" of.

333 phosphaÈase-positive samples of Canadian cheddar cheese contained

staphylococcal populatíons in excess of 10,000 per I , ar.d 6% of the

samples had levels greater than 500,000 per g The phosphatase test

reveals inadequate pasteurization techniques. Sharpe et a1. (1965) tested

samples of cheese made from raw milk and found that 97. of these tested

samples contained greater than 500,000 S. aureus par g. Mickelson
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et al. (196f) collected samples from 20 varieties of cheese and found

that 167( contained staphylococci, of which 707" were S. aureus, and 262

were S. epidermis. Coagulase-positive S. aureus were isolated from

cheddar, bondost, blue and brick cheeses.

Thatcher et al. (1959) examined 49 cheese samples from a

facÈory and found enterotoxin in eight samples. Donnelly et al. (1964)

studied cheddar cheese samples íncriminated in food-poisoning out-

breaks, and found that 1l of 13 samples contained coagulase-positive

staphylococci ranging from fifty t,o several millíon per g. They

also examined 343 retail cheddar cheese samples, 207. of. r¿hich con-

tained coagulase-positive staphylococcÍ ranging from 50 to greaEer

than 2001000 per g. Later, T of 77 strains isolated from the out-

breaks, and 9 of 155 isolated from market cheese samples ¡¿ere found

to produce enÈerotoxin A (Donnelly et al., L967). Zehren and Zehren

(1968a) examined 2,LLz vats of cheese suspected of harboring entero-

toxin. Enterotoxin A was found in 56 vats of cheddar cheese, 2 vaLs

of Monterey cheese and one vat of Kuminost cheese under conditions

of subnormal acíd development. As much as L2 pg of enterotoxin A

per 100 g of cheese r,ras found distribuËed throughouË each cheese vaË.

The problem of ent.erotoxin-containing cheese involves three

distinct phases:

(i) Effect of milk quality on growth of staphylococci ín cheesemaking

Thatcher and Ross (f960) showed that the following factors

in relation to milk quality can conËribute to Ëhe development of massive

staphylococc¿l populations in cheese: (a) substantial contamination of

the mílk with staphylococci from the bovine udder; (b) inadequate

overnighÈ cooling; (c) the presence of antibioËic residues in milk
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allowing the selective multiplícation of the staphylococci and Ínhibi-

tion of the starter culture; (d) contamination with antibíotic resis-

tant strains. Hov¡ever, Jezeski et a1. (f961) showed that S. aureus

counts observed in cheese made with normal starter r¿ere símÍlar to

those made from mílk containing penicillin. They also found that

heat treatment of nilk prior to inoculation had no effect on growth

of S. aureus during manufacture of cheddar and colby cheeses. The

grade of milk used also had no effect on the growth of S. aureus.

Growthof S. aureus in raw nílk held aL 22oC and 32oC was found

to be inversely correlated with the initial standard plate count of

the milk (Takahashi and Johns,1959). The rate of sraphylococcal

proliferation during the manufacture of cheddar cheese, and the ratio

of whey bacterial population to curd bacterial populatíon, r'rere noted

(McI,eod et ê_J., L962) to be independenr of the inítial number of S.

aureus in the milk. However, survi-val of staphylococci during curing

was proloiged by increasing the number of S. aureus in milk.

(ii) Effect of starter activÍty on grovrth of staphylococcí

Reíter et al. (1964) shov¡ed that the growth of S. aureus

was inhibited in the presence of a lactíc starter in raw, steamed,

and pasteurízed milk. L{hen lactic acid, developed by the starter

culture, v/as neutralized as it was formed, inhibition vras found to be

more than a function of pH. S. aureus was shown to gro\,¡ more rapidly

ín cheese made with an ínactive starter culture than with a normal

active culture; the staphylococci also persisted longer ín the former

type of cheese than the latter type of cheese.

Jezeski et al. (L967) observed inhibition of growth of S. aureus

in the presence of actively growing Streptococcus lactis in sterile or
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steamed skim mi1k. Enterotoxin was produced by S. aureus when ít

rras grordn alone or when it r¿as grorùn in the presence of the starter

culture r¿ith the homologous bacteriophage. Normal lactic starter

culture ¡¿as able to prevent enterotoxin production by S. aureus.

Giltiland and Speck (L972) tested síx different lactic Streptococeus

cultures for their ability to inhibit S. aureus. Inhibition ú/as almost

complete regardless of the starter culture Èype used or the amount of

tíme, within limits, required for acid formation. The authors suggested

that repression of staphylococci by lactíc streptococci may involve

production of antibiotics, hydrogen peroxide, and volatíle fatty acids

in addition to other organic acids.

(iii) Growth of staphylococci during cheesemaking

It is clearly evident thaE the growth of staphylococci is

possible even when cheese is made using a normal process (ptattl-ck

eÈ a1., 1959; Reiter et al., L964; Tuckey et al., L964; Walker et al.,

1961). Starter culture failure, however, during cheese manufacture'

can lead to more extensive growth of S. aureus (Reiter et al., 1964;

Tatini et al., f97fb). Several investigators have studied the behavior

of g. aureus during the manufacLure of cheese. Results obtained from

their studies are summarized: -

(i) S. aureus grew rapidly during the period of heat treatment following

caesin coagulation (Thatcher and Ross, 1960).

(ii) The iniÈial increase (after 2 hours) is largely attributed to

the concen¡ration effect ¡¡hen curd is formed (Tuekey et al. , 1964).

(iii) Slight increases ín grorvth continued throughout the cheese-

making process until the curd was salted (Tuckey et al. ' 1964).

(.rv) The number of staphylococci declines rapidly during curing and
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aging (Mattick et a1. , L959; Roughley and Mcleod, L96L; Stiles et al.,

L962).

Others investigators (Takashashi and Johns, L959; i^Ialker et al .,

196f) made similar observations when they studied cheddar and Colby

cheese, respectively. Cheddar and Colby cheeses were produced by

Tatini et al. (1971b) from milk inoculated with different S. aureus

populations. The data indicated the imporÈance of both the starter

culture activity and the initial concentratÍon of staphylococci- in

determining whether or not a cheese becomes toxic. They concluded that

cheese made normally could become toxic if it contained at least 15

rnillion staphylococci per g f or Co1by, and 28 mí1lion per g f or

cheddar cheese. I,Iith starter culture failure, toxic cheese could

result if 3 - 5 urillion staphylococci per g \,rere presence.

Conditions Necessary for Growth and Enterotoxin ProducÈion

l. Nutritional CompleËeness of the Medíum

Since enterotoxin production is related to the growth of S

aureus, it is, t.herefore, necessary thaË suitable growth conditions

musË be determined for the maximum amounts of enterotoxin production.

Growth of S. aureus and production of enterotoxins in meat infusion

broths such as vea1, beef, beef heart, and brain heart have been

reported (Surgalla et al., l95l; D'Arca, 1965; Hallander, L965; Casman,

1958; Mclean et a1., 1968). Brain heart infusion has been reported

(Casman and Bennett, f963) as the best medium for producíng high yields

of enterotoxin A , whereas beef heart infusion with one percent of

maltose resulted in better enterotoxin B production than any oEher

medium (DtArca, 1965). Simplified media usi-ng Proteín Hydrolysate
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Powder has been found to produce low yields of enterotoxin (Surgalla

et al., 1951). Niacin and thiamine were required as supplements to

the medíum in order to achieve higher yields of enterotoxin (Kato et al.,

1966). Supplementation of medía wíth casein hydrolysate was found

necessary for optimum gro\,rth and enterotoxin producËion (Jarvís and

Lawrence, 1970).

According to studies by SurgaILa (L947), enterotoxin was de-

tected in the supernatants of cultures,growrt in media containing

from 2 to 16 amino acids as the source of nÍtrogen. The símplest

medíum resultíng in the production of enterotoxin contained arginine

and cystine, plus nicotinic acid, thíamine, glucose, magnesium su1-

fate, ferrous ammonium sulfate, and potassium dihydrogen phosphate.

The same experiment also showed that no amino acids vrere required for

enteroEoxin production other than those requj_red for growth. Mah

et a1. (L967) found thaÈ the optimal growrh of s. aureus s-6 occurred

vrith glucose as the carbon source only when the medium contained 11

amino acids (glycine, valine, leucine, threonine, phenylalanine,

tyrosine, cysteine, me,thionine, proline, arginine, and histidine)

and three vitamins (thiamine, nicotinic acid., and biotin).

I,Iu and Bergdoll (I97ta; 1971b) showed rhar a relarively large

quantity of enterotoxin B was produced Ín a synthetic medium composed

of amino acids, inorganic salÈs, and vitamins. The medium was based

on the utilization of amino acid by S. aureus 5-6 Ëhroughout íts growt.h

cycle. AspartÍc acid, Ëhreonine, serine, glutamic acid, proline, g1y-

cine, and alanirle r¡Iere uÈilized rapidly; whereas only sma11 amounts of

tryptophan , cystine, tyrosine, phenylalanine, and methionine were used.

Arginíne appeared to be essential for enterotoxin production. Certain
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peptide fractions

the production of

large amounts of

have been shown to have a stimulatory effect on

enterotoxin. These peptides r¿ere found to contain

proline.

2. pH of the Mediun

The response of S. aureus to acidity varies wíth sÈraín, and

is influenced by the size of the inoculum, type of medium, salt con-

centration, temperature, type of acid, and atmosphere (Genigeorgis

et al., ].97l-a, f971b; Genigeorgis et a1., L969; Genígeorgis and

Sadler, L966ai Hucker and Haynes, L937; Thatcher et al., Ig62).

Genigeorgis et al. (1971c) reported a minimal pH of 4.0 for staphyl-

ococcal growËh initiation, and an upper pH limít of.9.8 for growth.

This inítiation of growth r¡as due either to a selectíon of acid-tolerant

cells which initiated growth or to a pH shift to a hígher value, caused

by the release of metabolic products from non-reproducing living cells

or by the decomposition products of dead cells. Enterotoxins B and C

producing strains are influenced Ëo a greater extent by pH than type

A producing strains in the rarige 5.0 to 9.0 (Reiser and l^Ieiss, L969:

Kato et al., L966)

Minimal initial pH leveIs .of 4.5, 4.7, and 4.7 were reported for

the production of enterotoxins A, B, and c, respectively (Tatini et al.,

L97La; Genigeorgis et al., 197Ib). The optimal pH for enrerotoxins

B and c production is 6.8; whereas enterotoxin A synthesis occurs

opÈinral1y over a range from pH 5.3 to 6.8 (Reiser and weiss, Lg69).

Markus and Silverman (1969; f970) reporred an oprimal pH of 8-8.5 in

nitrogen free medium, and 7-7.5 in the presence of protein hydrolysates,

for enterotoxin B production; and an oprímal pH of 6.5-7.0 for enterotoxin
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A productíon. Jarvis et al. (1973) reported that significantly more

enterotoxin A was produced at a controlled pH of 6.5 in the fermentor

than in shake-flask cultures. Sínce many foods are buffered at pH

6 to 6.5, the same authors suggested thaE some strains may, therefore,

produce sufficient enterotoxin to cause food poisoning, although little

or none may be produced when grown under normal testing procedures.

Enterotoxin productíon normally will not occur above pH 9.0,

and ís reduced by 50Z" at pH 8.0. At pH levels of 5.0 and below, ]ittle

or no toxin is produced (Troller, L976). Hence, êoterotoxin is

relatively resistant to pH ranges normally encountered ín foods.

J. Temperature of the Product

Temperature ranges at which growËh has been found to occur are

quite broad varying from 6.7"c (Angelotti et a1., 1961b) to a maximal

temperature of 47.8"C (George et al. , L959; Reimann et al. , L972).

Enterotoxin production, hor¿ever, occurs within somewhat narror¡/er tem-

perature limits. The minimum and maximum temperature reported to

permít enterotoxin production by s. aureus is 10oc (GenÍgeorgis et al.,

f969) al;.d 45-46oC (Scheusner and Harmon, I97L; Tarini er a1., L971a 3

Scheusner et al., L973),respectively. The optirnal temperature for S.

aureus growth is 37oC, whereas Tatini et al. (1971c) reported that pro-

duction of enËerotoxins A, B, c and D was stimurated ín braÍn heart

infusion broth at temperatures (40'C and 45"C) above the optimum growth

temperature. Also, prolonged incubation (48-72 hr) at 37 oC was observed

by Reiser and Inleiss (f969) to only occasionally result in production of

additional quantities of enterotoxins A, B and C. Temperatures greater

than 45oC and less than 5"C will control Lhe normal growth and enterotoxin
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production by this organism.

4. l,Iater Activitv of the Product

one of the more unique aspects of the growth of s. aureus is

iLs ability to glovr at relatively 1ow l^7ater activity (aw) levels. Using

14 straíns of food-poísoníng staphylococci, Scott (1953a) found that

growth rates were reduced signifícantly at av levels below 0.94. Mini-

mal a.¿ for aerobic growth in most laboratory rnedia is approximately

0.86. Recenrly, Hitt et al. (1975) obtained a minimal aId of 0.83 for

gror¡rth in a pork infusion medium, although no toxin was detected below

an avt of 0.86. Growth was obtained in nutríent broth at an ai¿ of 0.84

only when 17" yeast extract was added to the medium. The limiting â,o

in the medium without yeast extract was 0.87. The stimulatory effect

of yeast extract was believed to be due to the B complex vitamins,

primarily thiamine, which has been shown to be essential for growth

(Mah et al., L967; Míller, Lg72; Miller and Fung, Lg72). The fact

that pork is high in thiamine may also explain the difference in the

línitíng a, noted between pork and laboratory media. Enterotoxin

production is suppressed markedly by reduced â¡¡ (Tro]ler, L97L, L973;

Troller and Stinson, I975). Enterotoxin production relative to cell

yield virtually ceases at a\ú levels <0.9; howeverr growth occurs at

much lower â1s levels (Troller, 1976).

5. Associative Growth of Micro-organisms in Competition

S. aureus is not a good growth competítor, and under most

circumstances, it tends to be suppressed by the growth of other org-

anj-sms. The source of these competitive effects may be the results

t/
!i
i..),\

',:. ¿\'

ir: .' l ' l¡
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of production of inhibítory substances, nutritlonal competition, or

Ëhe alteration of various environmental factors to levels that are

unfavorable. several workers (oberhofer and Frazier, 1961;

Peterson et al. , r962a, r962bi peterson et al. , L964a, rg64b; Troller

and Frazier, L963a, 1963b) have investigated the repression of staphyl-

ococcal growth by other commonly occurring microflora in mílk and

other food products. f.n some situations, associatíve growth by com-

peting bactería did not affect the growth rates or maximal total

staphylococcal counts, but did inhibit the productíon of enterotoxin

(McCoy and Faber, 1966).

Peterson et al. (L962b) noted defínite repressive effects

on the growth of S. aureus by a mixture of saprophytíc and psychro-

trophi-c bacterial species. This repression became more pronounced

as the staphyl-ococeal population decreased and as the temperature

approached room ËeEperature or below. saprophytic growth, however,

\¡/as more inhibited as Ehe salt concenËration was increased (peterson

et a1., I964a). Incorporation of sucrose, lactose, dextrose, or

a 47" concentration of corn oil also repressed saprophytic growth,

allowing the staphylococci to dominate the population (Peterson et al.,

r964b) .

Some of Ëhe compeËitors inhibited S. aureus by elaborating low

molecular weight or heat stable substances; oÈhers competed more effect-
Ívely for amino acÍds than s. aureus. Dahia and speck (r96g)reported that
culture filtrates of Lactobacillus lacÊis and L. bulgaricus contained

hydrogen peroxide which was bacteriostatic to S. aureus. Inhibition

of s. aureus by a micrococcal speci-es v¡as shov¡n to be due to the

uËilization of certain amino acids by the Micrococcus necessary for
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staphylococcal growth. The amino acids involved \rere glutamj_c

acid, aspartic acid, arginine, and threonine (Dubos and Ducluzeatr>

1969). Likewise, inhibition of an enterotoxigenic strain of S. aureus

by Serratia marcescens was attrÍbuted to competition for amino acids

(Tro11er and Frazier, L963a, 1963b). Iandolo et al. (1965) reported

that S. aureus MF3l was suppressed by Streptococcus diacetilactis

v¡hich caused nicotinamide depletion.

6. Availability of oxvgen

The nature of the gas.eous atmosphere may influence growth and

enterotoxin production. Staphylococci grow well under both aerobic and

anaerobic conditions in laboratory media, although toxin production is

normally somevrhat reduced under anaerobic conditions. Aerated cultures

produce toxin rnore rapidly and in larger amounts than do static cultures

(Casman and Bennett, f963; Mclean et al., f968). Staphylococci can grovT

and produce enterotoxins A and B, but not type C in meats under anaerobic

conditions (Genigeorgis et a1., 1969; Thatcher et aI., 1962; Reimann

et a1., L972). l{hen meat is vacuum packed, oxygen is consumed without

being replenished, and carbon dioxide is produced as a result of growth.

This change favors facultative anaerobic lactobacilli which lowers the

pH and competes with the staphylococci (Ingrau, 1960).

Barber and DeibeL (L972) found that in fermented sausages,

staphylococcal growth had localized itself at the outer periphery of

the sausage where the oxidation-reduction potential \,ras greatest. En-

terotoxin synthesis in inoculated sausages r^ras suppressed when the

oxygen contenË of the incubaËion atmosphere dropped below 10%, although

S. aureus counts should have been sufficiently high (f07 - tOB cells/g)



44

to support toxín production.

7. SaIt Concentrations and ChemÍcal Additives

Staphylococcal multiplication is possíble aerobically in media

wÍth 16-187" saLt (Genigeorgis and Sadler, L966a; Mah er al. , 1967;

scott, 1953b) and anaerobícally in media wirh 14-16% saLt (peterson

et. al., L964c; scotË, 1953b), províded rhe pH is near neurrality and

the growth temperature ís optimal. Ten percent salt in the brine is

about the highest concenEration which permits production of enterotoxins

A, B, and C both in laboratory media and in semi-preserved meat pro-

ducts (Genigeorgis et al. r97Le; Markus and silverman, Lg6g, L97o;

Mclean et al., 1968; Troller, L97I, 1972).

Genigeorgis et al. (L977c) studied the combination effect of

salt and pH on the premise of initiating aerobic growth of five staphyl-

ococcal sËraíns, producing enterotoxins A, B, c and D. The two factors

ínteracted to produce inhibítory effects which neither produced a1one.

At pH values remote from neutrality, lower salt ooncentrations v/ere

required to prevent or delay growth. I,Ihen combined with a moderate

salt concentration of. 7.4-7.7"/., a titratable acidity of 2.2-2.7% was

found to inhibit staphylococcal growth effectivety (Helmy et a1.,1975b).

Recently, Helmy et a1. (1975a) showed that the adaptation of some strains

of S. aureus to high salinity resulted in more growth occurring in the

Presence of L57. salt. The organisms, however, beeame more sensitive to

increases in acidity.

Neither sodium nitrate in concentrations up to 1000 ppm, nor

sodiun nitrite at levels up to 200 ppm, appears to affect staphylococcal

gro!/th or its production of enterotoxins A (Markus and Silverman, L970)
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and B (Mclean et al., 1968). Later, Buchanan and Solberg (L972) found

that nitrite had no effect even at 2,000 ppm when S. aureus was culti-

vated aerobically at pH 7.3. However, under anaerobiosis, sodium

nitrate was inhibitory to S. aureus at 2OA pprn (levels pe-rmitted in

food products) at pH 6.3. By studying the metabolic activity, S. aureus

cel1s were shor,rn Ëo metabolize nitrite when cultured aerobically. It

was also found that nitrite inhibition of this bacterium involved exten-

sion of the adjustment phase, decrease in growLh rate, and damage

or destruction of some cells. The magnitude of inhibitÍon was depen-

dent upon the interaction of the nitrite*concentration, inítia1 pH,

and partial pressure of oxygen.

The antibiotic nisín in concentratíons of 500 IU (international

units) was found to inhibit staphylococcal growth (Jarchovska, L974).

Addition of brewerrs yeast (27" Í,f /V) to whole milk was also shov¡n Ëo

enhance production of enterotoxins A and D (Tatiní et al. , L976b).

Heat Resistance and Recovery of S. aureus from Thermal Injury

Some information on thermal destruction of staphylococci is

necessary, since a heat process of some sort is used in the manufacture

of virtually aJ1 dairy products. The DUO value (time at 60"C to reduce

population of cells by 907") for S. aureus heated in a buffer solution

or in a weak salt solution at pH 6.5 to 7.0 varies from about 0.5 to

2.5 min. (I^Ialker and Harmon, 1966; Stiles and WÍ-tter, L965; Thomas er al .,

1966). Heat survival curves for S. aureus are sigmoidal rather than ex-

ponential, as would be expected from the generally accepted log order of

death resulting from heated cells (I,Ialker and Harmon, L966; Singh, 1964).

The reason for the nonlinearity of these curves may relate to the cluster-
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tance of S. aureus

S. aureus, or to

to differences in

cells (Baird-Parker, I972).

Three factors may a1Ëer the heat resistance of S.

l. Age of the Culture

of

or

46

the differences in the heat resis-

the heat resistance of índividual-

aureus:

As the age of the tested strain of S. aureus increased. from

12 to 228 hours, I^ialker and Harmon (1966) found that the D' value

increased from 0.95 min to 3.0 min. Dabbach and Moats (1969) also

found that actively growing cells in the logarithrnic phase were less

heaÈ resistant than resting ce11s in stationary phase.

2. Composition of heating menstruum

Stiles and L{itter (1965) found that the DUO value for S. aureus,

heaËed in phosphate buffer,,hras higher aË pH 6.5 than aË 4.5, while the

Z value was higher at pII 4.5 than 6.5. trrlalker and Harmon (1966) found

that staphylococci \,¡ere more resistant to heat in skim milk and chedclar

cheese whey than in phosphate buffer and whole milk. o o6o value of L.2-

1.33 rnin for the former and 0.43-0.75 min for the latter were reported.

other Duo values quoted for s. aureus in skim urilk range from 3.1 to

5.3 urin (Kadan et al., 1963; Thomas et al. , Lg66). I^Iorkíng with strain

1968 in raw skim milk, Heinemann (L957) found complete inactivation after

B0 min at 57.2"c, 24 min ar 60"c, 6.8 nin at 62.Boc, 1.9 min at 65.6"c,

and 0.14 min aL 7L.7oC. The Z value r¿as found. to be g.Z.

The heat resistance of s. aureus does not appear to change síg-

nificantly in the presence of meat protein (Gross and vinton, L947;

Thomas et a1., L966). However, the addition of sucrose in concentrations

of 4I-57% (Kaden et 41., 1963) or sodium alginate (Scotr and Srrong, Lg64),
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to the heaËing menstruum, Íncreased heat resistance of S. aureus;

whereas the addition of hydrogen peroxide (emin et al. , L966) or glucose

(Calhoun and Frazier, L966) reduced heat resÍstance. Serum solids

also offered some protection, but rnilk fat, stabilizer, and emulsifier

offered no protective action at the concentrations tested (Kadan et al.,

1963). Staphylococci suspended in fat are extremely heat resistant ;

the resistancy is greater in dry faË than in moíst fat (Yesair et al.,

re46) .

3. Recovery Conditions

Heating causes a number of cellular changes in S. aureus. These

changes include : (i) damage to the cytoplasmic membrane with resulting

loss of permeability control allor¿ing leakage of cyËoplasmic constituents

such as potassium, amino acids, proËeins, and a 260-nm absorbing material

(Iandolo and Ordal, L966); (ii) decrease in metabolic activities such as

catabolic capabilities and selected enz)¡me activiEies of glucose metabo-

lisn (Bluhm and Ordal, 1968); (iií) degradaËion of ribosomal ribonucleic

acid (Rosenthal and Ordal, 1970); and (iv) partial denaturation of cell

proteins (Iandolo and Ordal, 1966; Sogin and Ordal, L967).

Busta and Jezeski (1961; f963) found that heat damaged S. aureus

grev¿ poorly on Staphylococcus ll0 medium, and this was confirmed by

Mickelsen et al.. (f963) who studied the recovery of S. aureus from

cottage cheese. Lo¡vering the salt concentration improved recovery with

the selective medium. Salt Èolerance returned if heat-treated cells

were incubated in skim milk for 48 hours (Busta and Jezeski, 1964)

A1so, when thermally stressed cells \Àrere incubated in trypticase soy

broth for 4 hours, tolerance to salt and to other selective agents rnras
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gradually regained (Gray et a1. , 1974) The liquid portion of

sont s meat medium has been reported to diminish the inhibitory

L07" saLt on staphylococcal growth (Maitland and Martyn, 1948).,

the effect of this medium on the recovery of thermally stressed

has not been studied.

Robert-

effect of

however,

-ce11s

IË is well established Ëhat heat damaged cells have a much

longer lag period than unheated cells (Jackson and Woodbine, 1963)

However, when the ínjured cells reached the logarithmic phase of growth,

Ëhey showed the same generation tíme as unheated cells. During this

extended lag period, damaged ce1ls undergo a complex repair mechanism.

This repair phenomenon occurs in the absence of cell growth, celI waIl

synthesis, protein synthesis (Stiles and \,tritter, f965), and v¡ithouË cel1

multiplication (Iandolo and Ordal, 7966; Hash, L972). For repair, an

energy source such as glucose (5%) or galactose (St iles and l^litter,

1965) is required together with a mixture of amino acids and phosphate

(Iandolo and Ordal, L966). However, Hurst et al. (L97'3) obtained good

recovery of growth in the absence of sugar

Lipid material in Gram positive bacteria is located only in the

cell membrane (Kates, L964). During injury, one-third of the lipid mat-

erial was found to be 1ost, and Èhere appeared to be an oversynthesis of

CrU and C* unsaturated fatty acíds during cellular recovery (Hurst et

al., 1973). S. aureus regained its saIÈ tolerance during recovery,

Inlhereas a number of membrane functions \.i/ere stil1 írnpaired. One of the

main steps in the recovery was the resynthesis of ribosomal ribonucleic

acid (Sogin and Ordal, L967; Haight and 0rda1, 1969). This \^Ias

substantiated by radiotracer experiments. The rate at which label vras

incorporated in the nucleic acid fraction paralleled that of recovery
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and the return of salt tolerance.

A greater oxygen sensitivity \,/as also observed in some of the

heat damaged cel1s which indicated the possible loss of an enz¡rme such

as catalase (Baird-Parker, 1965a). Thus, if through heating, the cata-

lase of some of the survíving cells \{as destroyed aerobically, metabol-

ízing cells lacking catalase could produce peroxÍde, which would then

poison the cells, unless some external means of destroying the peroxide

vrere present. This can well explain why heat damaged cells of S. aureus

have been shor^¡n to recover more effectively in the presence of blood

and pyruvate containing media (Sharpe et al., 1962; Baird-Parker and

Davenport, 1965) since catalase is present in blood and pyruvate ís also

a strong oxidizer of peroxide. The recovery period requíred to improve

the recoveries on media not containing pyruvate or catalase míght be

assumed to permit the damaged cells to resynthesize catalase and thus

re-establish Ëheir ability to gro\nr aerobícally. Today, Baird-parker

medium is knor,¡n to be the best. selective and diagnosËic medium for the

recovery of heat damaged cells of s. aureus (Baird-parker, 1962; Gray

et al. , 1974).

Heat shocked cultures \¡rere knovm to survive further

far greaEer numbers than unheated cells (Singh, 1964). The

temperature and pH for the recovery of heat damaged cells of

are 32oC and 6.0 , respectively (Allwood and Russell, 1966).

heating in

o p't imum

S. aureus

DetecË,igl of Staphylococcal Enterotoxins

Since staphylococcal food-borne illness is of world-wide

occurrence, the need for a practícal and sensitive method for the

detection and estímation of enterotoxin in food has long posed a major
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2.

problem in this field.

1. Bioassays

Successful initial bioassays r,{ere carried out using varíous

anjmal species such as kittens (Dolman et al., L936; Dolman and l^iilson,

1938, L940; Fulton, L943; Matheson and Thatcher, 1955) and rhesus

monkeys (Surgalla et al. , 1953).

Immunoassay

Reliable method for the detection and measurement of entero-

toxin \,/as not found until the property of anLígenicity was applied to

the problem. Since enterotoxíns are antigenic, serological procedures

b.ased on antigen-antibody precipitin reaction have been developed.

Among the methods that have been proposed are the single ge1 díffusion

tube test (Surgalla et al. , L952), the double gel diffusion tube resË

(Bergdoll et al. , L959a, 1959b , L96L; Hal1 eË al., 1965), rhe Ouchrer-

lony plates (Casman, 1958; Bergdoll et a1. , L965), rhe Wadsworth micro-

slide (I^Iadsworth, 7957; casman and Bennett, 1965), quantitative precip-

itin Lest (Silverman, f963), hemagglutination ínhibition (Morse and Mah,

1967; Johnson, L967), reversed passive hemagglutination (Silverman et

aL., 1968), and ímmunofluorescence (Friedman and i^Ihite, L965; Genigerogis

and Sadler, 1966b, I966ci Smith er al., 1962; Srark, L969,1970). Among

these tests, the single diffusion Ëube method and the quanËitative pre-

cipitÍn test have been adapted for quantítative determination of Ëhe

enteroËoxins.

3. Radioiurnunoassay

Radioimmunoassay is based on a reaction between radioactive
725_---Iodine antigen and specific antibody, which results in the formation
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of a labelled antigen-antibody complex. IodÍne is preferentially

attached on the tyrosyl residues of the proteins. The additÍon of

unlabelled antigen to Ëhis system reduces the amount of 1abelled

antigen-antibody complexes by competitive inhibition. Radioactivity

contaÍned in the complexes can be measured by collecting the complexes

on membrane filters or by selecEive precipitation of the complex wíth

annnonium sulfaEe. Using this method, the successful assay of entero-

toxin B has been reported by Gruber and Inlright (1967).

So1 id-phase Rad io immunoas say

A new method of solid-phase radioimmunoassay has been devísed

(.catt and Tregear, 7967) based on the binding capaciry of antíbody onto

polymers. The ability of antibody coated polymers to bind wíth radio-

active tracer antigens provides the basis of this analysis. Tr,¡o systems

are presently utilized in the solid-phase radíoimmunoassay ; (i) anti-

enterotoxins are coupled to bromoaceËy1 cellulose (Collins et al. , I972t

collins et al., 1973) and (ii) polystyrene tubes are coated with anti-

enterotoxins specific for the enterotoxins (Dickie et al. , L973; Johnson

et al., L97L; Johnson et al., L973; Jarvis, 1974) . Such binding is

competitively and quantitatively inhibited by unlabelled antígen. The

amount of labelled enterotoxin adsorbed onto anti-enterotoxín can be

measured by radioactive counting. The amount of inhibition is equívalent

to a given amount of unlabelled enterotoxin which can be deLermined from

a standard curve. Both systems were reported to be satísfactory for

enterotoxins A and B determinatíon, but the immunologícal reactivity of

anti-enterotoxin C, was significantly lower by the solid-phase method.
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Recently, a double-antibody radioimmunoassay ¡¿as described

by Robern et al. (L975) for enterotoxin Cr. This method is based on the

finding that gamma globulins have separate bínding sites for their

antigens and anËibodies (HunEer, L973). An antibody molecule flêy,

therefore, form a complex wíth its antigen and then be complexed to a

second antíbody. A primary antígen-antibody complex is too smal1 to be

precipítated. A double anti-rabbit gamma globulin, prepared in goats,

was used Eo precipitate the antigen-antíbody complex of enterotoxin CZ

and antí-enterotoxin Cr. Employing this assay procedure, Robern et al.

(1975) have reported a sensítivity of 100 picograms of enterotoxin per

m1 for the test. Because of this íncreased serrsitivity, the

same üTorkers suggested that the solid-phase radioimmunoassay method be

superseded by the double-antibody radioirmnunoassay method for the detection

of oËher staphylococcal enterotoxins. This would be beneficial especially

when the enterotoxins are present in extremely small quantities or when the

anti-enterotoxins adsorb poorly to plastíc surfaces. Hence, thÍs method

nay prove to be an improvemenË over Ëhose radioimmunoassays ín current

use.
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SCOPE OF INVESTIGATION

Little information is available relative to the occurrence

and survival of enËerotoxigenic strains of Staphylococcus aureus in

raw milk undergoing a subpasteurizatíon heat treatment, and their

subsequent fate during the manufacture of mí1k ínto cheese under con-

ditions similar to those used in commercial cheese plants. I^lith the

advent of the inrnunodiffusion Eechnique, much of the recent research

was performed Ëo investigate the grohTth and enterotoxin production of

S. aureus in raw milk and in heated milk. However, the growth and

enterotoxin production of enterotoxigeníc S. aureus, that survive the

subpasteurizaLion heat treatment of raw mi1k, has not been studied.

There is also little information available relating the levels of S.

aureus to enterotoxin productíon during the cheese manufacturing pro-

cess and the factors in the finished product responsible for the pre-

sence or absence of the enterotoxin produced. In the only report of

enteroËoxín production in cheese processing, Tatini et a1.(197fb) in-

oculated S. aureus strains 196E and F265 into pasteurized milk used to

make cheddar cheese. Untíl to day, pure commercial strains (or strains

obtained from a similar source) have been employed in research studies

on S. aureus (including isolation methods, thermal death studies, ther-

mal recovery sÈudies, growth studies, and enterotoxin production in

food). However, model studies very often fail to work in actual food

systems. Therefore, this research investigation rvas designed to simu-

late the sítuation in the dairy industry.

This study $/as initiated after it was established, through

prelimÍnary investigation, that pathogeníc strains of S. aureus can be
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isolated from heat treated milk. The scope of this investigatíon,

Ëherefore, consists of the following :

(1) To investigate the presence of indigenous S. aureus in rarnr mí1k,

thethe percentage of their survivals in heat treated milk, and

possible occurrence of enteroËoxigeníc strains thereof.

(2> To invesËigate the growth and enterotoxin production of S. aureus

in : (i) raw rnilk and (ii) heat treated mÍlk. This experiment

includes enterotoxigenic S. aureus Ëhat survive the subpasteuriz-

, ation heat treatment as well as those from post-heat treatment

contamínation.

(3) To investigate the growth and enterotoxin production of S. aureus

during cheddar cheese manufacture using normal, partíal s1ow, and

slow starter culture.

(4) To deËermine the minimum and maximum leriels of S. aureus associated

with Èhe presence and/or absence of enterotoxin production.

(5) To determine whether other conditions, such as moiture, sa1t, and

fat content, ín addition to acid developmenË, mây induce or enhance

the production of enterotoxin in cheddar cheese manufacture.

It is also the intenÈ of this study to investigate the feasibility of

the solid-phase radioimmunoassay techníque for the detection of staphy-

lococcal enterot,oxin in cheddar cheese.
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MATERIALS

1. Microbiological Media

A. Baird-Parker medium :

a. Baird-Parker basal medium (Oxoid)
b. Egg-yolk tellurite emulsíon (Oxoid)

B. Staphylococcus 110 medium (BBL)

C. Standard plate count agar (BBL)

D. Trypticase soy agar (Difco)

E. Trypticase soy broth (lifco)

F. Robertsonr s meat medium (Oxoid)

G. Brain heart infusion (Difco)

H. Peptone (Difco)

I. Tomato yeast extract medíum :

a. Tomato juice agar (Difco)
b. Yeast extract (Oi-fco)

This medium vras made up by adding 3 grams of yeasË extract to
51 grams of tomato juice agar contaÍned in one litre of dist-
illed vrater.

J. Skim milk (Difco)

K. MedÍum for anaerobic mannitol fermeritation :

a. Tryptone (Difco)
b. Yeast extTact (Difco)
c. Mannitol (BDH)
d. Bromocresol purple (Fisher Scientific Co.)
e. Noble Special agar (Difco)

L. DNase test agar (BBt)

M. Toluidine blue 0 - deoxyribonucleíc acid agar :

a. Tris buffer
b. DNA (Difco)
c. NaCl
d. CaCl,
e. Toluídine blue (Fisher Scientific Co.)
f. Noble Specía1 agar (Difco)
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N. 0.2 percent agar for microslíde

This medium \^/as made with 2 grans of Noble special agar (Dífco

ín one litre of distilled \,rater.

O. Ge1 diffusion agar :

a. sodium chloride
b. sodium barbitol-
c. merthiolate (1:10,000)
d. Noble special agar (Difco)

P. Rabbit coagulase plasma wiËh EDTA (Difco)

2. Chemicals

A1l chemicals used throughout this investigation \,/ere of

analytical grade, unless stated otherwise.

3. Materials for cheesemaking

Raw milk samples, t'Hansent' brand cheese starter culture ,

cheese color, conmercial rennet, cheese clothes, and ttcryovactt bags

of 5-1b capaciEy were obtained from the Cornmercial Dairy, University

of Manitoba.

4. Reagents and Materials for the detectlon of enterotoxins

A. Anti-enterotoxin A (HealËh Protection Branch, Ottawa)

B. Anti-enteroloxin B (Makor Chemicals, POB 6510, Jerusalem, Israel)

C. AnÈi-enterotoxin C (Health Protection Branch, Ottawa)

D. Enterotoxin A (Health Protection Branch, Ottawa ; and also from
Serva Feinbiochemica, distributed in Canada by
Terochem Laboratory LËd., P. O. Box 8188,
Edmonton, Alberta. )

E. Enterotoxin B (Makor Chemicals, POB 6570, Jerusalem, Israel)

F. EnËerotoxin C (Health Protection Branch, 0ttawa)

G. Labelled enterotoxj-ns (Health Protection Branch, Ottawa)

H. Enterotoxin special solvenË (Serva Feinbiochernica)
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All the above stocks were kepË frozen upon arrival untÍl used. Before

usage' stock preparations r¡Iere díluted in accordance with the specific

directions of the supplier of each shipment.

r. 0.1 M carbonate-bícarbonaËe buffer aË pH 9.6 (catt and Tregear,

L967) .

J. ceskars incubation buffer at pH 7.h (ceska et al. , Lgio) con-

taining 1% bovine serum alburnin.

K. Ion-exchange eluËion buffers (Reiser et a1., Lg74) :

a. 0.015 M sodium phosphate buffer containine o.o9% sodium

chloride at pH 5.9

b. 0.15 M dibasic sodium phosphate buffer containing O.9%

sodium chloride at pH 6.8

L. Ion-exchange resin CG-50 (Serva Feinbiochemica)

M. Bovine serum albumín - COHN fracËion 5, Sigma company.

N. Microslide templates (Serva Feinbiochernica)

O. 3M electrician rape (3M Canada Límited)

P. Logit-log graph paper r.¡as obtained from Robel Research Labora-

tories Liroi_ted, 2720 Howe Street, Ottawa.

5. The Anderson-Jacobson terminal (a Ëypewriter controlled by computer)

was employed for printing ouË the computer programs.
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GENERAL }ÍETHODS

1. Sería1 Dilution

Appropriate serial dilutíons were made by aseptically

transferring a'l m1 sample inËo 9 m1 of sterile 0.12 peptone vrateï or

O.B5% saline aË each dilution.

2. Surface Plating

Surface plating was performed by spreadíng an appropríate

dílutíon of the inocuh¡m (or homogenate) over the surface of pre-

poured and pre-dried agar medium accordíng to Standard Methods (1960).

Plating was done by spreading 0.1 ml of an inoculum onto a 9 cm

petri-dish. l{henever a low number of bactería is expected, plating

was performed with a I ml aliquot onto a 24 cm petri-dish.

3. Pour-plating

Pour-plaËing was performed by aseptically transferring I m1

of an inoculum into a sterile petri-dish and then the medium was

poured as outlined in Standard MeËhods (1960).

All plating methods rrrere performed as descríbed above, unless sËated

oËherwise.
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CHAPTER T

Preliminary Studies : The selection of a suitable Medium

for the Enumeration of Thermally stressed stapirylococcus

aureus in Heat Treated Mil1c.
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INTRODUCTION

Recognition of sublethally impaired mícro-organisms is

essential to practical inËerpretatíons of data in such areas of food

microbiology as food safety, food manufacture, food preservation and

spoilage. Various treatments in food processing such as heat, co1d,

thawing, freeze-dryíng, dehydration, Írradiation, and exposure to san-

itizers or preservatíves may induce sublethal damage in bacterial cells

or spores. Ce1ls are classifíed as injured rather than dead when they

are damaged, but have the capability to function ín an unrestrictíve

environment and restore a normal physiological state concomítant wiLh

iniËíation of growth and cell divisíon. Therefore, contamination of

foods with subfethally damaged cells that are capable of repairing the

ínjury should be anticipated. From the literature revíewed in the pre-

vious section, several points on thermally stressed cells of S. aureus

can be established:

(i) Relatively 1ow temperatures, such as found ín the pasteurj-zation

and subpasteurization of mílk, can injure S. aureus.

Injured cel1s often are identífied by their inability to pro-

liferate under specific previously productive conditions. This

inabilíty can be demonstrated by lack of colony formation on

solid minimal media.

(ií)

(iii) During injury, numerous cel1u1ar changes have been implicated

and related to an extended lag phase, resulting in delayed

gro\^rth and inabilíty to multiply. This prolonged 1ag phase

may be minimized by medium adjuncts that compensate for modi-

fications in nutritional requirements of injured ce1ls.
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HÍstorically, several investígators (Stiles and Witter, L965;

Baird-Parker, L972: Gray et al., L974; Stíles and Clark, L974) have iden-

tifíed certain medía and procedures as superior for growth and recovery

of thermally stressed cel1s of S. aureus. Yet, in all these experiments,

pure bacterial cultures were studied, and cells were heated in a standard

buffer system. Groi¿th inhibition of thermally stressed S. aureus by

salt-containing media has also been reported (Busta and Jezeski, 1963;

Stiles and Clark, 7974; Collins-Thompson et al., I974). This inhibítion

affected various S. aureus strains to different extents (Niskanen and

Aalto, 1978). Therefore, comparative studies on the selectivity of media

employing pure cultures of S. aureus are of limited value for the identi-

fication of Ëhermally stressed S. aureus in míxed populations, such as

are to be expected in food. Furthermore, many procedures may be adequate

for enr¡merating normal S. aureus cells in food, but fail to quantítate

thermally stressed cel1s ín processed food. Procedures and media thaË

lead Ëo improper detection, enumeration, and identification of thermally

stressed cel1s in mixed populations should, therefore, be adjusted so that

accuraEe assessments of acËual situatíons in food processing can be made.

Hence, the purpose of this phase of the investigation \,¡as to select a

mediurn and procedures suítab1e for the isolatÍon and enumeration of S.

aureus cells recovered from the subpasteurization heat treatment of mi1k.

EXPERIMENTAL I"ßTHODS

Five hundred to

daÍry herd, were collected

ml of raiv mílk sample, from

a sterile 1000 ml Erlenmeyer

the University

flask. Milk

700

in
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samPles

samples

sterile

Parker

counts

and S.

were thoroughly mixed using a sterile magnetic stírrer. Milk

r^/ere pour-plated either dírectly, or after seríal dilutíon in

0.1% peptone \¡rater, with standard plate count (SPC) agar, Baird-

(BP) medium, and Staphylococcus 110 (Sf10) medium. The bacËeríal

on these media served as an index of the indígenous microflora

aureus in rarv milk.

1. Procedures for Heat Treatment

The heating procedures for enumerating thermoduríc bactería

røere adopted from the Standard Methods for the Examination of Dairy

Products (1960). Seven ml of a raw, whole milk sample were transferred

aseptically into a 10 x 128 nrn sterilized stoppered stainless steel test

tube (test Ëubes used in high temperature short time studies). An

assembly of ten test tubes \¡/as lowered into a \^rater bath (MagnÍ-Whirl,

Blue M Electric, Illinois), thermostatically controlled at 61oC (L42"F).

A control test tube containing 7 m1 of milk with an inserted thermometer

(C. n. ZeaL, England) was also included. The holding períod was measured

when the temperature of the milk in the control test tube reached 61oC.

Aft.er holding for 18 seconds at this temperature, the test tubes were

immedíately immersed in an íce-water bath and cooled ro 10oC.

2. Determination of the Number of Survívals

After cooling, tubes were Lhoroughly mixed with a vortex mixer.

The tubes were then handled in the following manner to determine the

number of survivals:

In order to determine whether BP and/or 5110 medium T¡/as suit-

able for recoveríng sublethally heat stressed cel1s of

A.
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S. aureus, 'l m1 from each of any five tubes \das pour-plated,

eíther directly or after serÍa1 dilutions in sËerile o.LZ pep-

tone r^rater, wiËh each of the following media: (i) trypticase

soy agar (fSa¡, (ii) Bp medium, (iii¡ SllO medíum, and (iv)

sPC agar. colonies on sPC agar and TSA served as an index for

the total bacterial count before and after the heat treatmenÈ,

respectively.

B. Also, in order to determine whether enrichment broths were

necessary for the recovery of thermally stressed cells of S.

aureus, I ml of each of the remaining five tubes was added to

9 n1 of various steríle enrichment broths, and subsequently

incubated at 37oC Í.or 24 hours. AfËer incubaËion, the tube

contenÈs urere míxed using a vortex mixer. A I ml sample from

each tube, or its appropriate dílution, \¡ras pour-plated with

each of the followíng media: TSA, BP medium, and Sl10 medium.

The enrichment broËhs employed in this study l{ere: trypticase

soy broth (TSB) , 5"/. glueose soluËíon (GLU), Robertsonrs meaË

medíum (R¡o{), and Robertsonts meat medium with 7 .5% sart (Rl'ofs).

3. Platíng Procedures

Pour-plating technique was employed using the various media.

Plates were íncubated at 37oC for 24-48 hours. Plates wÍth 5110 medíum

were further incubated for anoËher 24 hours at room tempeïature to pro-

mot.e pigmentation of the S. aureus coloníes. All platings were done in

duplicate.
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4. Identification of ,1. aurels and Other Micro-organisms

S. aureus colonies appeared round, opaque, f1at, smooth,

golden ye1low to orange with an entire margin and raised edge on 5110

medium. on BP medium, s. aureus appeared as circular, convex, smooth,

moist, shiny black colonies, 1.0-1.5 nrn in díameter, frequently ruith

narrol^r off-whíte margins, and (i) witfr or wiËhout a clear zone extending

ínto the opaque medium or (ii¡ surrounded by a clear zone with an inner

opaque zone of precipitation. One to five colonies with the above char-

acËeristics vrere picked and examined for coagulase activity according

Ëo the procedures given by Thatcher and clark (1968). Any degree of

plasma coagulation rras taken as evidence of coagulase activity (Section

40.036 AOAC, L975). coagulase positive colonies were consídered as

S. aureus.

Bacterial species, other than S. aureus, r¿hich survived the

heat treatment, \¡rere partíally identified by means of theír morphologícal,

bíochemícal, and physiologícal characteristics as described by Thatcher

and clark (1968), and Burrows (1965), as well as in the Bergey's Manual

of Determinative Bacteriology (I974) .

RESULTS

In the early phase of this investigation ít was found that in-

digenous levels of S. aureus in the raw milk samples were very low. Sínce

heat treatment of ra¡"r mílk rvould further reduce the S. aureus population,

it was necessary to choose a medium capable of detecting extremely small

numbers of S. aureus survivals.
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1. Heat Treatment of Rar.¡ Milk

Early investigations indÍcated that a coming-up time of two

minutes was required to reach the water bath tenperature (61"C) from room

temperature. It was found that if the water bath was thermostatically

controlled at 62oC or higher, the coming-up time of the heaË treatment

was reduced. However, the holding períod of the heat treatment was in

some cases reduced Ëo less than 18 seconds. Therefore, in order to main-

tain a const.ant temperature of 61"C throughouË Ëhe holding period, the

hrater bath temperature lras set at 6L" + 0.5oC. In order to achieve a

shorter coming-up time, Ëest tubes r¡rere tempered to 45oC in water before

inserting them into Ëhe water bath, Usíng this approach, the comíng-up

time was decreased from 2 minutes to 55-60 seconds.

2. Microbial Examinations of Heat Treated Milk

Preliminary investigations comparing various direct plating

media for the detection and isolation of S. aureus following heat treat-

ment are given in Table 1. The results are sunnnarized as follows:

(i) Prior to subpasteurization heat treatment, toËal bacterial counËs

per mI were relatively the same on SPC agar and TSA.

(ii) The total bacterial counts per m1 observed on BP medium and Sll0

medium rvere relatively the same; however, boËh these media showed

smaller viable counts as compared to SPC agar and TSA.

(iii) After subpasËeurization heat treatment, similar viable counts

were observed on SPC agar, TSA, and BP medíum. Staphylococcus 110

medium shoi¡ed minimal growth.

(iv) Microscopic examination, Gram sLain, and coagulase activíty indi-

cated that the total viable counts observed on BP medium after
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TABLE I. Comparison of
Isolation of

Various Plating Media for the
aureusStaphylococcus

/lrorol, 
BACTERTAL couNT / ml

Platíng
Media

Milk Sample
Number

Prior Heat
Treatment*

After Heat
Treatment *

SPC

103

103

r02
5l0-

I
2

3

4

L.20 X

I.35 X

3.70 X

1.80 X

0.7 x 101

1.5 X 101

1.2 X 101

4.5 X 101

BP

1

2

J

4

9.60 X

1.02 X

9.BO X

4.80 X

0.5 x 101

r.5 x 101

1.0 x 101

2.0 x 101

101

L02

101

r02

sl10

101

r0l
101

L02

1

2

J

4

B.O X

8.4 X

8.2 X

4.0 x

0

0

0

I

TSA

103

r03

L02

105

1

2

J

4

1.20 x
1.40 X

4.BO X

1.82 X

1.1 X 101

1.5 X 101

1.4 x l0l
4.5 X l0l

ll z average plate counts from 5 tubes with duplicate
plating

)k : sub-pasteurization heat-treatment was carried ouE
at 61"C for 18 seconds

SPC : Standard Plate Count agar
BP : Baird-Parker medium
Sll0: Staphylococcus 110 mediurn
TSA : Trypticase Soy agar



67

subpasteurization were Gram positive cocci, exhíbiting a coagulase

activity greater than or equal to 3*.

(v) Although minímal viable counts were observed on Sll0 medium after

subpasteurization, they nevertheless proved to be Gram posítíve

cocci with a coagulase activity of 3+ or more.

(vi) Mícroscopic examination and bíochemical tesËs (íncluding coagulase

test) for micro-organísms recovered on SPC agar and TSA after sub-

pasteurizatíon, indicated that Gram positive rods, Gram positive

spore-formers, and Gram positive coccí \,rere present. These

organisms vrere partially identified as E. coli, Bacillus, and

Micrococcus, respectively.

Preliminary studies performed on the various enrichment broths

and plating media ascertained the following observaÈions (Table 2):

(i) A1t the four enrichment broths were effective in the recovery of

heat, stressed (61 C"for 18 seconds) bacteria. Trypticase soy

broth, however, showed the greatest recovery.

(ii) All Ëhe four enrichment broËhs serially plated on TSA, BP and

5110 medíum proved to be non-selecËíve for the isolation of S.

aureus.

(iii) Bacterial colonies isolated from BP medíum serially diluted from

RMM, RMMS, GLU, and TSB were shown to be Gram positive cocci.

Many of these colonies, however, were shov¡n to be coagulase

negative. Gram positive and negatÍve rods were not observed

among the colonies tested.

(iv) Bacterial growth on TSA and 5110 medium indicated profuse growËh

of Gram positive and Gram negatíve rods. Some of Èhese bacteria

rùere partially identified as Bacillus and E. coli.
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TABLE 2. Comparison of
Plating Media

Various Enrichment Broths and
for the Isolation of S. aureus

J.

BACTERIAL COUNT PER m1 (X r0-)

Enrichment Broths

Plating media
MíIk Sanple

Number RI"T¡{S GLU TSB

Baird-Parker
medium

1

2

3

t+

2

72

52

90

22

TNTC

77

TNTC

9 TNTC

83 TNTC

70 TNTC

TNTC TNTC

Trypticase
Soy agar

1

2

3

4

TNTC

TNTC

L54

TNTC

TNTC

TNTC

TNTC

TNTC

TNTC TNTC

TNTC TNTC

TNTC TNTC

TNTC TNTC

Staphylococcus

ll0 medium

1

2

J

4

TNTC

TNTC

L20

TNTC

40

TNTC

L2B

TNTC

78 TNTC

TNTC TNTC

298 TNTC

TNTC TNTC

* 3 average plate counts from 5 tubes with duplicate
plating

Rl'M : Robertsonr s l"leat Medium

Rl'Il'fS : Robertsonrs Meat Medium with 7.5% saIL

GLU : 5% glucose solution
TSB : Trypticase Soy Broth
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DISCUSS]ON

Results in this phase of the ínvestígation indicated that ther-

mally stressed cells of S. aureus were unable to recover in 5110 medium.

Baird-Parker medíum, however, showed good recovery of Lhermally stressed

S. aureus from a mixed microbíal flora. These results agree vrith earlier

reports in which: (í) 5110 medium, due to its high sodium chloride con-

centration, ÌÂras found to hinder Èhe growËh of sublethally stressed

staphylococci (Busta and Jezeski, L96L, L963; De WarrË et al., 1968;

Collins-Thompson et a1., 1974); and (ií) BP medium proved to be useful

for the recovery of heat damaged cells of S. aureus (Baird-Parker, 1972:

Stíles and Clark, L974; Gray et al., L974). Although the total bacterial

counts observed on TSA were higher than those observed on BP medium, the

growth of S. aureus per se on BP medium was higher than that observed on

the TSA. This result was expected since TSA is a non-selective medium

and most baeteria surviving the heat Èreatment were able to groT¡/ on iË.

Gray et al. (1974) also reported that growth of S. aureus on BP medÍum

was consistenËIy hígher than that observed on TSA.

The second parË of the preliminary study vras to determine the

effect of various enrichment broths, in combination with different

plating media, on the recovery of the heat treated cells of S. aureus.

As has been c.ited in the literature revieür, RMM has been reported by

Maitland and Martyn (1948) to diminish the inhibitory effect of salt on

staphylococcal growth. However, the effect of this medium on the re-

covery of thermally stressed cells of S. aureus has not been sËudied.

Heat injured ce11s of S. aureus ì{F31 recovered in the presence of 5%

glucose or galactose added to the heating menstruum (Stiles and trn/itter,
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1965). Working wiÈh the same bacterial strain, Gxay et al. (L974)

demonstrated full recovery of growth after a four-hour incubation period

in TSB. However, in both cases, pure bacteríal cul-tures were studied,

in contrast to natural milk microflora encountered in thís investigation.

All four enrichment broths were found to be effective in recovering bac-

teríal cells surviving heat treatment. of 61oC for 18 seconds. However,

these media r,rere not selecËÍve for S. aureus. Subpasteurization heat

treatment at 61"C for 18 seconds is not severe enough to eliminate all

Ëhe pathogenic bacteria in mílk. Hence, pathogens other than S. aureus

surviving such a heat treatment may have a repressive effect on the

competítive growth of staphylococci. This is, perhaps, the reason for

extensive growth of other bacteria, such as E. coli, Bacillus and Micro-

coccus species (these species r¡/ere partíally ídentifíed as outlined in

the methodology) observed on the various plating media afËer incubation

in enríchment broths. several investígators (Peterson eË al., L962b;

Donnelly et a1., 1968; Jones et al., 1957) have reported growth inhibi-

tion of S. aureus due to high numbers of competing organisms.

I{ith BP medíum, plates \¡¡ere overcrowded with coagulase nega-

tive sËaphyJ-ococci even at the 10-2 dilution. This effect would be

inconvenienÈ for the isolation of coagulase positive S. aureus colonies

tuhen working with numerous mÍIk atíquots. Iloreover, to serve the purpose

of enumerating heaÈ survivals, the íncubatíon period for recovery in

groruth before the lnitiation of cell multiplicatíon has yet to be studied,

and such a period mighË be different for different strains of S. aureus.

From the experimenËal results obtained, it appears that direct

plating rvith BP medium is most suitable for the isolation and enumeration

of s. aureus cells in heat treated milk. Results obtained in this
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investigatíon should apply to a subpasteurization heat treatment of 61"C

f or 18 seconds. I^Ihether sÍmi1ar responses would be observed with other

heat treatment temperatures needs Ëo be verifíed. SÍnce enrichment

broths offered no great advantage in the isolaËion of S. aureus from

heat treaËed milk, the use of enrichment broths in future studies was

omitted. Direct plating with BP medíum was adopted for further studies.

This part of the ínvestigation was performed in the early srunmer of L974.

In the following year, L975, dírect plating with BP medj-um was adopted as

Êhe AOAC Official Fírst Actíon Method for the enumeraËion of S. aureus

in thermally processed food (Baer et al. , 7975).
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CHAPTER II

TITLE : A Ten-month Survey on Staphylococcus aureus

Survivals in Heat Treated Milk.
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INTRODUCTION

Wíthin the past three decades, there have been many outbreaks

of staphylococcal food-poisoning attributed to milk and milk products,

as revíev¡ed by Minor and Marth (f973). Several ínvestÍgators have iso-

lated enterotoxigenic strains of S. aureus from the bovíne udder (Be11

and Ve1iz, 1952; Olson et a1., L970), as well as from raw milk supplíes

(Casman, 1965). Other workers (LIarren and Arends, L967; Geiges, L972)

demonstrated that staphylococci could be transmítted beËween cows via

milking machines. Therefore, the presence of S. aureus in mílk and their

ability to produce enterotoxins in manufactured products have been duly

recognízed.

Raw milk is usually pasteurized or subpasteurízed before it

is used for manufacturing purposes. A subpasteurization heat treatment

of 60-61oC (.140-142oF) for 16-18 seconds is currently employed by the

Canadían dairy industry to obtaín a better flavored cheddar cheese.

However, subpasteurization temperatures are not suffícíent to elimínate

all pathogenic bacteria Ín rnílk. Cheddar cheese made from subpasteurízed

mí1k was found Èo contain sËaphylococcal enterotoxin (Duitschaever and

Irvine, 1971). In outbreaks of staphylococcal food-poisoning attributed

to milk products, enterotoxin is believed to have been formed ín the milk

prior to conversion to the manufactured. product. Therefore, knowledge of

the incidence of enterotoxigenic strains in raw milk and their chance of

surviving subpasteurizaËion heat Ëreatment. becomes crÍtical.

Studies on the Ëhermal death time of S. aureus have been per-

formed by many rvorkers (Angelotti et al., 1961; Busta and Jezeski, f961;

Singh, 1964; hlalker and Harmon, L965, L966; Bhatt and Bennett, L964), yet



little information ís available on the percentage of S.

in subpasteurized milk. Working with samples from one

aureus survivals

of the Minnesota

cheese plants , Zottola (L964) found the percentage of S. aureus survívals

in heat treated (63.8'C-66.5oC for 14-23 seconds) rnilk ro be O-I7%. The

percenËage of survivals was calculated as the percent of samples showing

S. aureus out of a t,otal number of heated mílk samples.

is available from Canadian sources.

No informafion

The purpose of this phase of the investigation was to obtain

necessary information on:

(i) the índigenous counts of S. aureus ín raw milk;

(íi) the

(iíÍ) rhe

(iv) the

in

for

percentage of S. aureus survívals in heat treated mí1k;

correlation between (i) and (ii¡ t and

possíble occurrence of enËerotoxígenj-c strains of S.

milk subsequent to a subpasteurizaËion heat treatment

18 seconds.

aureus

of 61"C

EXPERIMENTAL METHODS

1. Source and Handling of Milk

Raw, whole milk samples were obtained from the Commercial

Dairy, UniversiËy of Manitoba, over a period of ten months so as to in-

clude cold and r,¡arm months. Twenty experimental trials riüere included

in this survey. In every trial, milk samples were collected from the

receiving line in two different batches at differenÈ times. Milk samples

were pooled, mixed aseptically, and then heat treated at 6l"C for 18

seconds. The method of heat Ëreatment employed in Ëhis phase of the
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investigation r'ras essentially the same as Ëhat used in the previous

chapter. An assembly of ten test tubes, plus one control test tube, was

employed.

2. Plating Procedures

Milk samples in test tubes were thoroughly míxed with a vortex

mixer and were then enumerated for S. aureus before and after the heat

treatment using a pour-plate technique with BP medium. Al1 platíngs were

done in duplicate. Plates u¡ere incubated at 37oC for 24-48 hours before

examínation.

3. Isolation and Identification of S. aureus

A. Coagulase Test. The coagulase test was performed by adding approxi-

mately 0.1 ml of a brain heart infusion broth culture (BaÍrd-Parker,

L969) to 0.3 ml of Difco rabbit plasma r¿ith EDTA. Tubes were incu-

bated at 35-37"C and examíned at intervals of 2,4,6, and 24 hours.

Clot formation was raËed 1* through 4* according to Thatcher and

Clark (f968), and a 5* score r¡/as assigned to a 4* reaction when the

clot rvas not displaced when the tube is inverted. Cultures yielding

2f (or less) reactions were retested t\ùice for coagulase production.

B. Identification Procedures. After incubation for 24 hours, Ëypical

S. aureus colonies were picked from BP medium and tesËed for cata-

lase (Burrorüs, 1965) and coagulase production. Any degree of cloË

formation r,ras taken as evídence of coagulase activity. The same

peËri-plaÈes \,¡ere further incubated f or another 24 hours, and every

additional typical colony was also tesËed for catalase and coagulase
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production. I^lÍth these addit.ional colonies, clots of 3* (or more)

were required for the coagulase test to be conclusive.

Coagulase posítive coloníes were further examined microscopi-

ca1ly by the Grarn stain meËhod (Burrows, 1965). Isolates, which were

Gram positive cocci, catalase positive, and coagulase positive, \,rere

identifíed as S. aureus. S. aureus isolates ¡¡ere then maintained on

TSA slants,

4. Calculation for the Percentage of Survivals

The total number of S. aureus isolated from heat treated milk

is, therefore, the number of typical colonies on BP medium at 24 hour

plus those positive colonies at 4B hour. The percentage of survivals

was calculated as follows:

Z of survivals
number of S. aureus after heat treatment x 100
number of S. aureus before heat treatment

5. Statistical Analysis of the Survey

Data obtained on the indígenous levels of S. aureus ín raw milk

samples (Xi) and the percenËage of survivals in heat treated milk (Yi)

r^/ere statístically analyzed for their correlation relationship. Since

the bivarÍaËe population ís not normally distríbuted, the Spearmants rank

correlaËion method for non-parametric studies was adopted for the calcu-

lation of the correlation coefficíent between the two variables (Xi, Yi).

The Spearmants rank correlation coeffícient (rs) \^/as calculated as

follows (Kendall, 1955; Snedecor and Cochran, 1972):
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T^
I_6I (xí - Yi)

n(n2-1)

number of pairs of Xi, Y1where n

Data obtained in the cold months (below 0"C) and those obtained in the

r^¡armer months (above 0"C) were analyzed indívídually for theír correla-

tion coeffieÍent. An overall correlation coefficient was also calculated.

In each case, the correlation coefficíent \,ras tested for its significance

by comparing the calculated ttt"tt values wíth the "t.,,-2t' values given in

staËistical tables (Snedecor and Cochran, L972) at the 57" and 17 sígní-

ficance 1evels.

RESULTS

Tbenty samplings were performed over a period of ten months,

from OcÈober 30, I974 to AugusË 27, 1975. Among Ëhese samplings, nine

r¿ere dran¡n at temperaËures belovr 0"C and eleven were drawn at tempera-

tures above 0oC. Throughout the entire survey, total bacterial popula-

tion (i.e. SPC) in rar"r and heat treated milk ranged from 3.7 x 102 to

1.8 x 105, and 2.3 x 101 to 4.5 x 102 cells per ml, respectively.

1. Percentage of S. aureus Survivals

The data of the survey on S. aureus in milk are presented in

Table 3. During this ten-month períod, the populatÍon levels of S. aureus

in rar^¡ milk samples were found to be relatively low as compared to those

found in commercial dairies. Approximately 502 of the raw mílk counts

were below 100 ce1ls per ml, and all samples were below 1000 ce1ls per ml.
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TABLE 3. The Percentage of Survivals in Survey Heat treated Milkt

Date of Sampling
Mean Outdoor
Temperature

('c )

S. aureus Count per m1 % Survival

Raw milk Heated Milk

October 30,

Novemberl3,

November2T,

December 4,

January 6,

January 20,

February 5,

Februaryl9,

March 5,

March 19,

April 9,

April 30,

May L4,

May 28,

June 4,

June 18,

July 2,

July 16,

August 13,

August 27,

2.7 5

-3.30

-7 .80

-5. 00

-7.70
-12. 00

-22. O0

-7.90
-7 .00

-s. 60

2.60

2.20

5.30

13.40

12.20

16. 60

20. 00

27 .LO

L7 .90

11. 30

L97 4

r97 4

L97 4

L97 4

r97 5

r97 5

r97 5

L97 5

r97 5

797 5

r97 5

L97 5

L97 5

L97 5

197 5

r97 5

r97 5

L97 5

r97 5

1975

r50

49

60

30

75

L9

L2

t7

4B

L7

160

260

270

36s

900

40

525

190

390

B5

20

15

I2
J

0

2

2

0

4

J

15

10

20

25

140

15

50

40

27

10

13.33

30. 61

20. 00

10. 00

0

t0. 53

L6 .66

0

8.34

17.65

9. 38

3. 85

7 .4r
6. 85

r5. 55

37.50

9.52

2L.05

6.92

II.7 6

* ; average plate counts frorn 10 HTST test Ëubes

# : heat treated at 61oC for 18 seconds
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The highest count found

samples v¡as tolally free

in raw milk samples were

with temperatures above

tures below 0oC.

ce11s per

18 seconds

genous to

to 37.5%.

was 900 per m1

of S. aureus.

of raw nilk. None of the raw milk

Indigenous levels of S. aureus

usually found to be higher in Èhe ü/armer months

0"C than those in Ëhe colder months with tempera-

A total of 2870 S. aureus survivals were isolated from heat

treated milk during the ten-month survey, L24 of whích were found to co-

agulate rabbit plasma with a definíte cloË of 3* or more. Results of the

coagulase react.ion on the L24 S. aureus isolates aïe presented in Appendíx

Table 1. The remainíng Ísolates produced a 2+/Z+ c1oË, and r¿ere identi-

fied as S. aureus because they were isolated at 24 hour of íncubation on

BP medium. It is known (Baird-Parker, 1969) thaË certain strains of S.

epídermís may also grol,r on Ëhe medium forming black colonies and causing

clearing of egg yolk. At 24 hour, however, colonies of such strains are

usually distinguishable from S. aureus by a very wide opaque zone around

Ëhem which in turn is surrounded by a very narror^r clear zoÍLe. At 48 hour,

s. aureus may give a similar appearance. For this ïeason, arl late egg-

yolk clearers should be classified as S. aureus by a conclusive coagulase

reacËion with a clot at. the level of 3* or more-

S. aureus survivals in heaË treated rnilk ranged from 0 to 140

m1. Therefore, a subpasteurizaLion heaË treatment of 61oC for

was noË sufficient to eliminate all the S. aureus cel1s indi-

raw milk. The percentage of survivals v¡as calculated to be 0z

2. Statistical Analysis of the Survey Data

gStatistical analysis on the numbers of . aureus in raw milk
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and the percentage of

Appendix Tables 2 and

survivals in heat treated milk is presented in

3, and is summarized as follows:

Tn-2
Temperatures r(x - Y)2 fg L7"5"/"

below 0"C

above 0oC

overall

9

11

20

LT7 .5

302.O

1667 .s

0 .0208

-0.3727

-o.2s37

0.666

0.602

0.444

0.798

0.735

0.575

In the rankings of the survey data, a Spearrnan's rank correla-

tion coefficient of 0.0208 with 9 pairs of observatÍons was obtained for

the colder months (below 0"C); whereas a coeffícient of -0.3727 wíth 11

pairs of observations was obtai-ned for Èhe warmer months (above OoC).

An overall correlatíon coefficient of -0.2537 was obtained for the ten-

month survey. Therefore, in a1l cases studied, there is no sígnificanË

correlaËion between the tr¿o varíables.

DISCUSSION

According to the mícrobiologícal standards in Canadian food

and drug regulation, the limit set for aerobic colony counË in milk for

manufacturing purposes is 1 x 106 - 2 x 106 cells per ml (Pirmick, 1978) .

Therefore, the SPC of raw milk in this Ëen-month survey are wiËhin the

normal range encountered ín counnercÍal dairies. Standard plate counts

of heaË treated milk are much lower than Ëhose observed in raw mi1k,

demonstrating thaË subpasteurization at 610C for 18 seconds did subsËan-

tially reduce the number of competing micro-organisms in the nilk f1ora.
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According to literature reviewed (Donnelly et al., 1968; Tatini et al.,

L97L), heat treated milk wÍth a lor¿ bacteríal count, such as observed in

this experiment, is more susceptible to enterotoxín production by S.

aureus than raw milk.

Regardíng the initial S. aureus counts in raw mi1k, a marked

seasonal ef f ect is evident, higher counts ref lect.ing wariner r/¿eaËher con-

diËions. Tndigenous levels of S. aureus in raw milk samples ranged from

L7 to 900 cells per ml. The subsequent percentage of survivals ranged

from 0 to 37 .5%. One rnight expect that a low indigenous S. aureus level

would eventually give a low percenÈage of survivals, and vice versa. Yet

this is not the case according to statistícal analysis on the data

obËained. A Spearmants rank correlation coefficient of 0.0208, -0.3727,

and -0.2537 was obËained for the colder months, the \¡rarmer months, and

the overall ten months, respecLively. Statistical analysis, therefore,

revealed:

(i) a lack of

aureus and

direct correlation between Ëhe indigenous level of S.

the percentage of survivals Ëhroughout the entire survey

period; and

(ii) regardless of the weather conditions (i.e. above or below O"C),

this lack of correlation remains.

Results obtained from statistical analysis suggested that a high índigen-

ous population of S. aureus was not an essential requirement Í.or a subse-

quent high percentage of survivals. Hence, the danger of a potential

healËh hazard may occur even with a fairly small initial population, if

the subsequent percentage of S. aureus survivals is high.

FurËhermore, the following factors have yet to

The indigenous levels of S. aureus in the raw milk

be considered:

samples collected(i)
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(ii)

from Ëhe University dairy herd (Cominercial Dairy of the University

of Manitoba) are extremely low in comparison with those of commer-

cial dairies where milk is collecËed from various farms. ZottoLa

(L964) has found a staphylococcal count of 1000-10,000 cells per

rn1 of milk or more in the raw milk sarnples collected in four

Minnesota cheese plants.

Employing laboratory techniques, the comíng-up tíme for Èhe test

tubes to reach the holding temperature of 61oC was found to be

55-60 seconds, as presented in the previous chapter. In commercial

practice, plaËe pasËeurizers are uËí1ized for heat treating raw

milk used for cheese manufacture. A coming-up time of approximately

ten seconds is required to reach the holding temperature. In gen-

eral, the entire subpasteurization procedure (i.e. including the

coming-up period, the holding period, and the cooling-down períod)

requires less than a minute (Hal1 and Trout, 1968) . This means

the heat treatment employed in this part of the investigation is

far more severe than that employed in the conrnercial processing

plants.

(iíi) It should be emphasized that these experiments r¡rere conduct.ed with

70-m1 samples (ten Lest tubes with 7 m1 of milk per tube). In

connnercial proeessing involving large volumes, the probability of

survival and recovery is increased in proportíon t,o the larger

lotal numbers of S. aureus present.

Despite all the above limitations Ín Ëhis investigaËion, how-

ever, a total of 2870 coagulase positive S. aureus cultures were isolated

from the heat treated milk during the ten-month survey. Some of these

isolates were found to produce enterotoxins. Therefore, since entero-
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toxigenic strains dÍd occur in the heat treated rnilk during a sma11

laboratory scale study such as this, they are more likely' to a greater

extent, to occur in coûmercial heat treated milk used for cheese manu-

facture in Ëhe dairy índustry.

Discussion of coagulase actívity and enterotoxin production is

presented in the nexË chapËer.
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CHAPTER II]

TITLE : CharacterLzatíon Tests on Staphylococcus

aureus IsolaLes from the Ten-month Survey.
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INTRODUCTION

All currenE procedures for the detection of S. aureus in foods

regard a positive tube coagulase test as the definite identÍfication of

the organism (SecËíon 46.040 AOAC, L975). Additional tests such as en-

terotoxin production and phage typing are not routinely performed unless

the sample is involved in food-poisoning outbreak. Therefore, the in-

terpretation of the coagulase Ëest is imporEant to laboratories monitoring

the microbiological quality of foods. The coagulase reactions are raËed

progressively 1* through 4* depending on the extent of clotting of the

plasma. Due Ëo the subjecËive nature of the coagulase tesË, confusion

and uncertainty r¡rere reported regarding interpretation of the test (Rayman

et al., 1975; Sperber and Tatini, L975). This controversy was attributed

t,o a disagreement as Ëo the degree of clotting that should be considered

as posÍtive evidence of coagulase producLion. Sperber and Tatiní (1975)

suggested that cultures yielding 1* through 3* reactions !¡arrant addi-

tional tesËing for characters such as anaerobic mannitol fermentation,

thermonuclease production, andfor lysostaphin sensitivity before being

confirmed as S. aureus. In addition, several factors have been reported

which may affect the results of the coagulase reactíon, including the

type of plasma, the nature of the anticoagulanË used, and varíation from

one 1ot to another (Orth et al. , 197L; Sperber and TaËini, L975).

The deoxyribonuclease (DNase) test is a routine diagnostic pro-

cedure used by some laboratories to dístinguish between S. aureus and

other Micrococcaceae (MorËon and Cohn, 1972). The heaÈ stable deoxyribo-

nuclease (thermonuclease) test vras reported recently as a useful confirm-

atory tesÈ for the identifícatíon of S. aureus (Sperber and Tatini, L975),
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includíng nearly all enterotoxígenic strains (tatini et al., L976).

The purpose of this phase of the investigation, therefore, vras:

(i) to sËudy the extent of cloE formatíon in the coagulase test for

the identificaËíon of S. aureus;

(ii) to evaluaLe Ëhe validity of the coagulase, DNase, and thermonu-

clease tests used for the identification of S. aureus;

(iii) to evaluate the validity of other characterÍzaËion tests such as

mannitol fermentation and gelatin hydrolysis for the identifica-

Ëion of S. aureus;

(iv) to study the relation of these tests to the production of entero-

toxin by S. aureus; and

(v) to choose an enterotoxigenic straín of S. aureus from the survey

isolates for the studies on the enterotoxÍn production of S.

aureus in rnilk and cheddar cheese presented in the later part,s of

this investigation.

EXPER]MENTAL METHODS

1. Selection of S. arrrerrs Strains

S. aureus isolates, wiËh a coagulase reactíon of 3* or more,

r,rere grorvn on Sll0 medium. Separate colonies of each isolate were

obtaÍned using dilution by streaking on 5110 agar medium. Plates were

incubated at 37oC for 24-48 hours followed by an addiËional 24 hours at

room temperature for the development of pigmentation.

The differenËiation of strains was achieved by deËerrnination of

the following characteristics: (i) pigmentation, (ii) abiliËy to ferment
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mannitol, (iii) capacity for gelatín hydrolysis (Dífco Manual, L966) ,

and (iv) morphology. Selected isolates r/¡ere streaked onto TSA slants,

and incubated for 18-24 hours at 37 oC followed by storage at 4o C for

further studies.

2. CharacterizaËion Tests on S. êqlcug Straíns

S. aureus strains, whieh were Gram positive, yellow to orange

in colour, catalase positive, coagulase positive (having a clot of 3* or

more), showing mannitol fermentation and gelatin hydrolysis, r¡rere chosen

as test organisms for further studíes. From each strain (type), only one

represenËâtive S. aureus isolate was submitted for further studies.

These 20 represenËaËive sËrains were purified by cloning on BP

medium through several successive transfers. Pure cultures were then

grown in sËerile reconstiÈuted skim milk, heat. treated at, 61oC f,or 18

seconds, and recovered on BP medium by surface streaking. They were sub-

sequently stored at 4oC on TSA slants as library samples until submitted

for the following characterization tests:

A. CarbohydraÈe Fermentations. The ability of the strains to ferment

glucose and mannítol anaerobically was determined by using the media and

procedures outlíned in the Recommendations (1965). Anaerobiosis was

achieved in GasPak jars (BBL). Results \¡/ere read afËer 5 days of incuba-

tion aÈ 35oC.

B. DNase Production. The 20 strains rn¡ere also examined for DNase pro-

duction using DNase test agar as outlined Ín Èhe BBL Manual of Products

and Laboratory Procedures (1973). PlaËes were incubated at 35oC for 18-

24 hours. DNase activity was indicated by a clear zone around the sËreak

on plates which were flooded wíth hydrochloric acid.
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C. Thermonuclease Production. Thermonuclease activíty was deterrnined by

Ëhe method of Lachica et a1. (1971b) using toluidíne blue O-deoxyríbo-

nucleic acid agar. Approxímately 20 mI of the agaï r¡rere poured into a

petri-dish. Ten small r¿ells (3 mn in diameter) were eut ínto the agar.

Overníght brain hearË infusion broth cultures rùere steamed in a water

bath for 15 minutes, and one drop was dispensed ínËo an agar well. The

detection of thermonuclease activity was also performed by heating Ëhe

BP plaËes with grown colonies for 2 hours in a 60-B0oC conventional oven

and Èhen overlaid vrith 10 ml molËen toluidine blue O-deoxyribonucleic

acÍd agar (Lachica et al. , L97Lb). Plates were incubated at 35-37 oC, and

examined after 4 and 24 hours. A Ëhermonuclease producer was identified

by a bright pink zone surrounding the colony.

J. Examination for Enterotoxin Production

A. Procedures for Enterotoxin Extraction. The sac culture assembly

method of Donnelly et al. (L967) was used to obtain maximal yields of

enterot.oxins. A 0. B5Z saline soluËion was used in plaee of the phosphate

buffer in this method. Several sac culËure assemblies after inoculatÍon

were íncubated on a gyratory shaker (ttodel G25, New Brunswick) at 37"C

for 48 hours. After Íncubatíon, the liquid culture surrounding Ëhe sac

r¡ras removed from Ëhe flask, and centrifuged at 23,500 x g for 20 mÍnutes

in a Sorvall centrifuge (Superspeed RC2-B). The resulÈing supernaËant

was frozen with O.051l merthiolaËe untíl examíned for enterotoxin.

B. Detection of Enterotoxins.

productíon of enterotoxins A, B,

in co-operation wíth the Health

Supernatant samples T^rere tested for the

and C by the solid-phase RIA technique

Protection Branch in Llinnipeg (Appendix 4).
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Enterotoxins D, E, and F were not available for sÍmi1ar examÍnation

during this research. Positive results were also confirmed by the con-

ventional microslide immunodiffusion method performed in the Health

ProtectÍon Branch.

C. Interpretation of Results. The logit-log plot devised by Rodbard et

al. (1968) was employed. A standard curve of logit y (% trace binding)

versus 1og x (concentratíon of enterotoxÍn) was plotted using the method

of linear regression. Details of Ëhe methodology are presented in

Chapter VII.

RESULTS

1. Characterizatíon Tests on S. eg¡gge Isolates

During the ten-month survey, 2870 S. aureus survivals were

isolated from heat Ëreated urilk and L24 of these were found to coagulate

rabbit plasma with a clot of 3* or more. Result,s of the tests on coagu-

lase reaction, aerobic mannitol fermentation, and gelatin hydrolysis are

presented in Appendix Table 1. The coagulase reactions of 120 straÍns

\dere completed within 2-4 hours. Four straÍns required furËher incuba-

tion overnight. These included one strain which produced a 3* clot, and

three strains which produced a 4* clot. All 124 strains fermenËed man-

nitol aerobically and hydrolysed gelatin to a certain extent. Colony

characterístícs including chromogenesis on Sl10 nedium and TSA slants as

well as bíochemical reactíons Ëo mannitol and gelatin, indicated at least

20 different strains of S. aureus were obtaíned. S. aureus ísolates with

similar strain characteristics r¡ere thus grouped together as shor,m Ín

Table 4. From each group of isolates, one S. aureus culture was picked
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TABLE 4. Characteristics of the 20 Different Straíns of S aureus

Isolate
Number

Colony Color
S11O TSA

Mannitol
fermentation

Gelatin Coagulase
hydrolysis reactíon

2 ,4 ,32,65 ,113 , 123
3 ,20 ,33 ,7 3,96
LL,48,75
88,100
L0 ,22,35,56 ,66 ,84
29,36,81,97,111,119
13rc,15 ,47 ,7 4,85 , 101,
LI4
49 ,60 ,97 ,99,109,112 ,
116
Lg ,45 ,Bg ,92,9 4 , 103 ,
104,117
9 ,18 ,55 , g3

7 ,44,46,70 198
72 ,63 ,82,9 3,115
23,5r
8,24,39 ,40,45 ,58,64,
67 ,7 6 ,79
42,50,52,LLg
6,76 ,34,57 ,90
l.4,27 ,43
25 ,37 ,39 , B0 ,95 ,L24
3L,54,110,120
5,26,30,69 ,ro7

o
o
0
0
0
0
o

0
o
o
0
0
o
0

S

c

+
K
+
K
S

+
K
+
K
|.

+
S

5+

5+
4+
3+
3+
5+

3+

5+
3+
4+
3+
4+

3+
4+
3+
3+
4+
3+

0

0
0
o
0
o

Y

Y

Y

Y

Y

S

S

K

K
S

+
S

I\

K
+
+

+
K
+
K
S

0
Y
Y
Y
Y
Y

Y
Y
Y

Y

Y
I^l

v

+
+
K
K
K

* ¡ This isolated strain was chosen as the test
studies on the enterotoxin production of S.
of cheddar cheese.

Colony color : I^I = vihite
Y = pale ye1low
O = orange to golden

Mannitol fermentation and gelatin hydrolysis :

organrsm
aureus in

for further
the manufacture

s--
I_

N-

strong reaction
positive reaction
very weak reaction

/l : All strains ferment glucose anaerobicatly.
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(at random) Ëo represent that particular strain. The 20 representaËives

(representing 20 different strains) were further tested for anaerobic

carbohydrate fermentation, DNase activity, and thermonuclease production.

Table 5 shows the isolation number of the strains, the degree

of clot formed in the coagulase test, and the relationship among coagu-

1ase, DNase, and thermonuclease production. Afl 20 strains fermented

glucose anaerobically. Síx straíns díd not ferment mannitol anaerobi-

ca1ly, but were capable of fermenÈíng mannitol aerobíca1ly. All 20

strains yielded DNase. One sËrain faíled to produce Ëhermonuclease.

2. Enterotoxin Production bv 3. eu¡eug Isolates

All 20 strains (representatíves) vrere gro\.vn for enÈerotoxin

producLíon, three of which were found to be enterotoxigenic. Two of Ëhe

three enterotoxigenic strains were found to produce enterotoxin A, and

one r¡ras found to produce both enËerotoxin A and enterotoxin C. DaËa of

the RIA performed on these isolates are presented in Appendices 28 and

29. Results are sunmarized as follows:

Isolate No.

Isolate No.

Isolate No.

13

4

7

produces enterotoxin A

produces enterotoxin A

produces enterotoxins A and C.

Of Ëhe three enterotoxigenic strains tested, tr¡ro r¡rere positive

for both DNase and thermonuclease productíon, and the cloËting of the

plasma v¡as sufficiently complete Ëo be assígned a 3* and 5* ratíng. The

single enËerotoxin-A-producíng S. aureus strain, IsolaËe No. 4, which was

negative for thermonuclease production, T¡ras retested twice for enterotoxÍn,

thermonuclease, and coagulase production r¿ith no change ín the original
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results. AnoËher S. aureus culture ísolate from the same group (i.e. a

símilar strain), Isolate No. 113, was also tested and found negative for

the thermonuclease production.

DISCUSSION

One of the main objectives of this phase of the investigation

is to isolaÈe a suitable enterotoxigenic strain of S. aureus for studies

on growth and enterotoxin production ín milk and cheddar cheese. Coagu-

lase-negative enLeroLoxin-producing strains of S. aureus have been

reported (Thatcher and Simon, 7956; Bergdoll et al. , L967); however,

these are rare. For this reason, only those survey isolates yielding

coagulase reactions aÈ a leve1 of 3* or more were employed for this phase

of Ëhe investigaÈion. Of 2870 S. aureus isolated from Ëhe survey, L24

were found to coagulate rabbit plasma with a cloË of 3* or more. Of the

I24 S. aureus isolates tested, some had very weak reactions on aerobic

mannitol fermentatíon and/or gelatin hydrolysis. Some of the idenËified

S. aureus isolat.es (yielding coagulase reactions of 2+) were capable

neither of fermenting mannitol nor hydrolyzing gelatin. Therefore,

aerobic mannitol fermentation as well as gelatÍn hydrolysis can only

serve as characËeristic tests for the differentiation of strains, but not

as prime indices in the identification of S. aureus.

Based on pigmenËation, coagulase reactions, aerobic mannitol

fermentation, and gelaËin hydrolysis, tr^renty different strains of S.

aureus were picked for further characterízatíon tests such as anaerobic

carbohydrate fermentations, DNase, and thermonuclease production. Six

of these strains rnrere repeatedly negaËíve for anaerobíc utilization of
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mannitol , but T¡rere capable of fermenting glucose anaerobically. These

strains were identified as S. aureus since they produced thermonuclease

and coagulated rabbit plasma with a clot of 3* or more. Therefore, iË

does not appear that anaerobic mannítol fermentation is a reliable. char-

acteristic for the idenËification of S. aureus. This result is in

agreement with the published data (Sperber and TaÈini, L975).

The coagulase, DNase, and thermonuclease test procedures rely

on the abilíty of S. aureus to produce the respective enz)rmes. Currently,

the tube coagulase Èest is the mosË widely used test for identifying S.

aureus. I¡líL];' 97"/" of the 124 isolates, the coagulase reaction was com-

plete within 2-4 hours. Therefore, 4 hours would be an ample incubation

Ëime for a coagulase Èest performed as described in the previous chapÈer.

Occasionally, it might be necessary t,o continue the incubation overníghÈ

so that weak coagulase producers may become more pronounced. Since sta-

phylococci can produce proteases that may dissolve the fibrin clot, Ëhe

test. should be read periodicallv so that false-negatíve reactíons are

avoided. Results obtained in this investígation indicated that S. aureus

can be posíËively identified by the coagulase test alone if the extent of

clottíng of plasma is at the level of 3* or more. This is Ín agreement

r¿iËh the findings of Ra¡rman et aI. (1975), but is at variance with Ëhose

of Sperber and Tatini (1975), who consider only a 4* clot as posítive

evidence ín Èhe identificaÈion of S. aureus. However, owing to the sub-

jecËive nature of the test, this disagreement. probably lies in the act.ual

scoring of the clot formation rather than in the interpretation of the

results.

In thÍs study, all of the twenty different straíns tested were

DNase posítive. Yet, DNase activity cannot be used as a reliable índex
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in idenÈifying S. aureus because it could be produced by some saprophytic

strains of S. epidermis (Zarzour and Belle, 1978). Recent.ly, many in-

vestigators (Lachica eË a1., I97La, L972; Cords and Tatíni, 7973; Chesbro

and Auborn, L967) have demonstraËed close correlations between Ëhermonu-

clease and enteroËoxin production. However, in this investigation, one

(fsolate No. 4) of Ëhe three enËerotoxigenic strains failed Lo produce

Ëhermonuclease. Yet, Isolate No. 4 was ídentified as S. aureus by using

other criteria such as coagulase actívity, anaerobic manniËo1 fermenLa-

tion, and enteroËoxin production. Also, Rayman eË al. (L975) have re-

ported that one out of 63 enteroÈoxigenic strains r¡/as negaËive for

thermonuclease production. Lachica et a1. (1969) have also found xhat 4

of their 232 eoagttlase positive enterotoxígenic strains failed to produce

thermonuclease. IË is questíonab1-e, therefore, whether thermonuclease

test can be employed as a single prime determÍnant for idenËifying S.

aureus and enËerotoxin production. Consequently, the suggestion of a

replacement of the coagulase ËesË by the thermonuclease tesË in the rou-

Ëine examination of foods for S. aureus would be premature at the present

time, especially since enterotoxin-producing strains had been shown Ëo be

negative for therrnonuclease producËíon in this ínvestigation as well as

in others. As cited in the literature, thermonuclease (optimally active

aÈ pH 9) was sho¡nm to be produced exclusively by S. aureus (Tatini et al.,

L976a). Hence, before relegaËing Ëhe coagulase test to a lesser position

in Ëhe idenËification of S. aureus, a larger number of S. aureus strains

from various sources and a wider ïange of bacterial strains musË be

tested for thermonuclease production to determíne whether the test Ís

índeed specific for S. aureus.

The thermonuclease test has the following advantages:
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(Í) It is relatively ínexpensive.

(ii) It is rapid and easy Ëo perform.

(iii¡ It is not influenced by as many factors and variations as the

coagulase Lest. With all the strains tested, the color change

occurred within 3-4 hours. There lras no color reversion even

(iv)

after 24 hours of incubatíon.

It is not subjectíve in nature because it ís operated on a purely

qualitaËive basís.

For S. aureus strains yielding a 2* cLot (or less) , thermonuclease test

could be used to confirm Ëhe identity because it may reduce Ëhe possi-

bility of error ín the ídentification of S. aureus and will speed up

reporËing of the results. Moreover, Tatini et al. (L976a) have demon-

strated Lhat thermonuclease was detectable, ín every substrate tested,

prior Ëo the aceumulation of detectable amounts of enterotoxins. There-

fore, if detectable amounts of thermonuclease are always produced under

the processing conditions of a given system, and prior Ëo the accumula-

tion of detectable amounts of enËerotoxin, thermonuclease assay could be

a useful tool for screening batches that are likely to contain entero-

toxin since testing every batch for the presence of enterotoxins is

impractical.

Isolate No. 13 was chosen as the test organism for further

study of growth and enterotoxín productíon in milk and cheddar cheese.

This isolate rnras chosen for two reasons: (í) It grows well withín L8-24

hours; and (íi) iË produces enterotoxin more readily than any other cu1-

tures being examined. The logiË-log plot of S. aureus isolate No. 13 is

presented in Figure l. Here, the standard curve (í.e. the linear regres-

sion 1Íne of the standard enËerotoxín) shows that plots of logiË y versus
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log x fitted straight 1Ínes over the range of 0.31 to 10 ng for staphy-

lococcal enterotoxin A (SEA). The linear regressíon line of Isolate No.

13 and that of the standard enterotoxin v/ere parallel, indicating the

preserrce of a protein with irmnunological ídentíty.
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CHAPTER IV

TrrLE : cultivation of s. aureus rsolate No. t3 for the

Studies of Growth and Enterotoxin production in
Milk and Cheddar Cheese
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EXPERIMENTAL METHODS

1. Selectíon of S. aureus

Isolate No. 13, whích vras coagulase positive, DNase positive,

Ëhermonuclease positive, fermenEed mannitol anaerobically, and produced

enteroLoxin A, was chosen as the test organism for the studÍes on growth

and enterotoxin producËion of S. aureus Ín milk and cheddar cheese.

2. Propaeation of S. aureus Tsolate No. 13

Cells \^rere grordn in 200 ml TSB, and incubated at a speed of

2OO-250 rpm on a gyratory shaker (Model G-25, New Brunswick) at 37"C for

24 hours. They were then centrifuged at 15,000 x g for ten minutes ín a

Sorvall (Superspeed RC2-B) cenËrifuge. HarvesËed cells were washed by

two successive re-suspensions of a sterile 0.85% saLine solutíon. The

celIs were then f inally washed r^/ith 10 ml of sterile 0.85% saline into a

sterílized flask, and gently mixed to provide a homogeneous suspension.

A half-rnilliliter of this suspension was evenly spread over a TSA slant

surface aided by sterile glass beads, and was Èhen incubated for 24 hours

aE 37oC. After incubation, the resultíng growth was washed with 10 rn1

of sterile 0.85% saline, and poured into a sËerilized flask. This was

kepË as stock culture aL 4"C unËil further transfer. Thrice weekly,

ce1ls \^rere re-gro\^ln on an agar slant contaíning TSA.

3. Determination of Standard Curve for S. euEcgg Isolate No. 13

A. Experimental Procedures. Quantitative inoculation of heat treated

milk with specific amounts of S. aureus for cheesemakinB requires a

methodology for obtaining different cell densities. TurbídÍty rneasure-
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ments of bacteríal suspensíons were used as an index of cell densities.

Turbídity v¡as determined by measuring the transmittance of appropriately

diluted suspensions of S. aureus using a Unicam SP 600 Series 2 specËro-

photometer. Aliquots from a freshly prepared suspension of stock culture

containing S. aureus were suitably dí1uted ín 0.857" saline, and transmít-

tance readings r¡ere then recorded for each diluÈion with salíne as the

blank. A wavelength of 340 nm \¡/as used for transmittance reading (Appendix

Table 6). Transmittance measuremenÈs were performed in duplicate on 5-6

samples, containing 0.1-1.6 mt of S. aureus sËock culture in 50 m1 of

0.857. saline. SËandard plate counts were performed for each Ëransmíttance

reading using a serial dílution technique followed by surface plating

each diluLíon on BP medium. All plating v¡as done in duplicate. PlaËes

were incubated for 24 hours at 37 
oC, and Ëhen read.

B. Standard Curve. A standard curve relating the percentage of trans-

mittance versus logarithmic víab1e cell count Ì^7as set up. To elíminate

the consíderable error as a result of subjective posÍtÍoning of the line

through the daËa points, construction of the linear function directly from

the experimenËal data using the leasË-squares method was therefore adopted

(Snedecor and Cochran, L972).

C. Statistícal Analysis. Results of the standard curve vrere examined by

means of analysis of variance. Reliability of prediction of the Yi values

(logarithmic celI counts) on the X1 values (percent'age of transmittance)

\,ras tested for significance by (i) comparison of the calculated r'Ft value

with the critical rFr value in statístícal tables, and (íi) the percentage

of coefficient of determination (Snedecor and Cochran, 1972).
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RESULTS

1. Standard Curve for S. aureus Isolate No. 13

A standard curve relating viable S. aureus growt.h and percent

of transmittance is presented in Figure 2. Data of the st.andard curve

are presented in Appendíx Table 7. The standard curve presenËs the

least-squared, best-fit regression line of the logarithrnic cell count

(Y-axis) versus the percent of transmíttance (X-axis). TransmiÈtance

measurements varied within a O-2.37" range from their average values.

According Èo the standard curve, a 46% t.ransmittance reading corresponds

Ëo a concenËration of 108 cells per ml of the S. aureus stock suspension.

2. Statistical Analysis of the Standard Curve

Statistical analysis (Appendíx Table B) performed on the data

used for the regression line revealed that:

(i) The regression of Yi on Xi was significant at the 1% level as

well as the 0 .5ï4 7eveL.

(ii) A 927" of the total sum of squares of variation was explained by

the regressíon of Yi on the X1 variable, leaving only a very small

amount of deviatíon unexplained.

(iii) Such a high 1eve1 of significanee as presented in Ëhis case,

therefore, indicated that transmittance measurements offered

reliable measurements of cell numbers under Lhe test condiËions

specÍfied.
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CHAPTER V

TITLE : Grorvth and Enterotoxin Production of S. aureus

Isolate No. 13 in Milk Used for rhe Cheddar

Cheese ManufacLure.
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INTRODUCTION

Though fluid milk had been implícated in outbreaks of staphyl-

ococcal food-poisoning (Dauer, 1961), most large-scale outbreaks ascríbed

to dairy products r^rere attribuÈed to cheese (HendrÍcks et al., L959;

Zehren and Zehren, 1968; Mí1ler, L974; Caserio et a1., 1975) and dried

milk (Anderson and Stone, 1955; Armijo et al., L957). Poor growth of S.

aureus among other competíng micro-organísms in the mixed flora (Casman

et al., 1963; Reiter eË al. , L964) and the low incídence of enteroÈoxi-

genic s. aureus in the dairy environment (casman et al., L967; Donnelly

et al., L967) may have contributed to the rare implication of f1uíd milk

in staphylococcal intoxication. However, Ëhe incidence of eriterotoxi-

genic strains of S. aureus in milk, as well as LheÍr abí1ity to survive

subpasteurization heat treatment, has been demonstrated in Chapter II of

this investigation. Furthermore, during the processing of fluid mílk

into mílk products, there is ample opportuniLy for this organism to grow

and produce enterotoxins under favorable temperatures. Due to lack of a

reliable and sensitive test for Ëhe detection of staphylococcal entero-

toxins, much of the early research was directed tor¿ard factors that ín-

fluence growth of s. aureus, including enterotoxigenic strains. The

ïecent microslide and the new radíoimmunoassay technology, Ëogether wiËh

modified methods for Ëhe concentratíon of enteroÈoxins, have therefore

made it possible to study faetors conducive Ëo enterotoxin production.

Heat treatment has been used to eliminate or substantially

reduce S. aureus in milk for cheese manufactuïe. Subpasteurizatíon at

61oC for 16-18 seconds is a common commercial practice in the Canadian

cheese índustry. But, S. eurgu€ including enËeroxigenic straíns were
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demonstraËed to survive this subpasteurization heaË treatmenË at a rate

of 0-37.57" as presented in Chapter II. Therefore, Ëhe surviving organ-

isms may eventually produce enterotoxÍns in the finished product. In the

daíry, rnilk is usually pumped immediately into the cheese vat for cheese-

making following the necessary heat treatment, vrhile raw milk prior to

heat treatment is usually held for a period of time. If milk is held

long enough, multiplication of bactería oecurs aË all the usual tempera-

Ëures above Èhe freezíng poínt. Excessive numbers of enterotoxigenic S.

4!¿I€us subsequent to multiplication, could later inÍËiate growth and

produce enterotoxin. Enterotoxin, íf formed, would appear in the finished

product. Therefore, pre-heaË treaËment contamination could be equally as

importanË as post-heat treatment contamination. Growth and enterotoxin

production by S. aureus in mÍlk due Ëo post-heat treatment contamination

have been studied (Donnelly eË al., 1968; Tatini et al., l-97I). However,

r+hether similar responses would be observed in the case of enterotoxigenic

S. aureus that. survive Ëhe heaË treaËment of rnilk needs to be verified.

Growth and enterotoxin production of S. aureus in milk vrere in-

vestigated by Donnelly et al. (1968). They ínoculated low and high count

raw/pasËeurized mílk with S. aureus, and then held the milks at 20,25,

30, and 35"C to deËermine growth and enterotoxin productíon. Their data

indicaËe thaË:

(i) Low count raw milk (104 Sfc per

and enterotoxin product.ion of S.

(ro6 sPc per m1).

Good growth of S_.

ml) was more suitable for growth

aureus than high counË raw milk

enterotoxin production rvas found in

in hígh count rarv mílk after pasteur-

aureus and

1ow count rar+ rnilk

izaËion.

(ii)

as well as
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Tatini et al. (L97Ia) did a similar experiment, but subjected the milk

Ëo several different heat treatments. Their data indicate additional

ínformation as follows:

(i) Heat Èreated milk rras more suitable

than Ëhe same milk ín the ra\,/ state.

The degree of heating, which ranged

claving, had little apparent effect

support enterotoxín producËion.

for enterotoxin production

(íi) from pasteurization to auto-

on the capaciËy of milk to

(iii) Minimal S. aureus populations of about tr¡/o to three million per

ml and a mínímal incubation of four to six hours at 37oC were

required to produce enterotoxin in milk.

It is necessary that these results be realized as we strive to produce

1or¿ count raw mi1k, to use subpasteurization instead of pasteurízation

for the cheese manufacture, and as Ëhe milk is held for longer and longer

periods before it is processed. ilíth reference to these results, a re-

search Èo establÍsh standards relating S. aureus growth to enterotoxin

production in milk used for cheese manufacture could be conducted Ëo

emphasíze high criteria of safety.

The purpose of Ëhis investigation, therefore, \¡ras to obtain

specÍfic information on:

(i) the initial S. aureus population and its resulting population in

enterotoxin productíon in Ëhe finishedmilks assocíated with

product; and

(ii¡

in Ëhe

of S.

the time required for enterotoxin production

case of post-heat treatment contamination as well as in the case

aureus which survive the heat t.reatment, of mi1k.
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EXPERIMENTAL METHODS

1. Selection and Propagation of å. aglet:5 Culture

Isolate No. 13, an enterotoxin-A-producing straín isolated from

the ten-month survey, was adopted for this phase of the invesËigation.

It was propagated routinely by transfers as mentioned in the last chapter.

AÈ leasÈ Ërn7o consecutive transfers were made prÍor to inoculating the

culture inÈo test milks.

2. Source and Handling of Test Milks

Raw, whole míIk was obtained from the Commercial Dairy, Univer-

sity of ManiËoba. Milk samples were collected from two different bat.ches.

After being pooled and míxed aseptically, this baËch of milk mixture was

stored at 4oC until used. Nine BO0-m1 portions \À7ere drarnm aseptically

from thÍs batch of rnilk mixture as tesË mílks, one of which acted as the

control. Each 800-n1 portion of the tesË milks rras placed in a sterí1e,

1-1Ítre, cotton-plugged Erlenmeyer flask containing a sËerile magneÈ to

break up bacteríal clumps duríng the enumerating procedures. Unless

stated otherwíse, all Ëest milks r¡rere tempered to 37oC before inoeulating

with S. aureus cultures. TesË milks, with or withouÈ subpasteurization

heat treatment, \¡rere incubated at 35oC and examíned aË O, 4, 6, B, and 12

hours to study the growËh and enËerotoxin production of S. aureus in milk.

Samples of test milks, Ëaken at plating intervals, were cooled immediately

in an ice-waËer bath, and then stored at -20oC unÈil tested for enËero-

toxin.
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J. Procedures of Heat Treatment

Three 800-rn1 test milks \"/ere equilibrated to 61oC in a thermo-

statically controlled water bath (Magni l^ihir1, Blue M electric). Speci-

fíed amounts of the culture suspension were added to the heating menstruum

at 61oC. A 10 seconds coming-up time v¡as incorporated at the beginning

of the heating period. The mixture was agitaËed and maintained at this

temperature for 18 seconds (holding períod). After being heated, the

test milk sample was immediatety cooled to room temperature in an íce-

\^raËer bath.

The heating chamber consisted of a l-lít.re Erlenmeyer flask

fitËed wíth a rubber stopper with 3 sampling vents. A stirring shafr of

an electric stírrer (Dyna-urix, Fisher) was ínserted ínto one of the sam-

pling vents. The whole chamber was then sËerilized r¿ith the remaining

sarnpling vents being sealed with stoppers. A thermometer was sterilized

in boí1íng r^rater for 15 minutes, and was then fitted ínto the sampling

vent in place of the sËopper. The whole heating chamber was immersed in

a water bath.

4. InoculátÍon of Ë. eureus into Test Milks

Freshly prepared S. aureus culture suspension r{as added at

different levels into three types of test milks. It was inoculated at:

(i) 103, 104, and 105 cells per m1 into raw milk

(ii) 103, and 104 cells per mI into heat treated milk "4"

(inoculum being added after the heat treatment)

(iii) 104, 105, and 106 cells per m1 into heaÈ treated mÍlk "B"

(inoculum being added before the heat treatmenË).

Culture suspensions \{ere made with 24-hour S. aureus cultures r¿hích were
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glass beads to

t10

culture suspen-

reduce cellular

not refrigerated after incubation. Príor

sions were shaken vigorously with sËerile

clumpíng.

5. Plating Procedures

Standard plate counts v/ere

test milks by pour-plaËing v/ith SPC

aureus in raw and heat treated milks

performed on rarü and heat-treated

agar. Indigenous populations of S.

were determíned using pour-plating

and BP medium.

S. aureus counËs at different incubaËing Íntervals were obtained

by surface plating, in quadruplicaËe, 0.1 ml of the approprÍate dilutions

of ni1k samples onto pre-poured and pre-dríed plates of BP mediurn. All

plates were íncubat.ed at 37"C for 24 hours.

6. Extraction of EnËerotoxin from Test Milks

The exËraction procedure of Reiser et al . (L974) r¡ras used to

separate enterotoxin A from 100-m1 volumes of test mílk samples. The

extraction method consists essentíally of a series of purification proce-

dures such as acíd precipitation, centrífugation, chloroforrn extraction,

fíltration, and chromatography with CG-50 ion exchange resins followed by

concentration with 30% (w/w) polyethylene glycol 20,000 (Fisher Scientific)

7. Detection of Enterotoxin in Test Milks

The microslíde immunodiffusion analysis rvas performed on all

types of test milk samples as described by Reiser et al. (1974). Micro-

slides rvere incubated for 24 hours at 37oC. Quantítative recovery of

enteroLoxin from the spiked milk samples was estimated to be 30-352.



111

For an enterotoxin concentratíon

dilution beËween 1:B and 1:16 was

precipitation midway between the

oÍ 6.25 pg/mL, an anti-enterotoxin

required to gíve a reference line

tr'Jo reactant v¡ells.

of

RESULTS

1. Milk Quality and Heat Treatment

A. Milk Qualitv. Raw, whole milk obtained from the Commercial Daíry,

Uníversíty of Manítoba, is of Grade A raw rní1k according to the federal

government regulation. S. aureus and the total number of bacteria indi-

genous to raw mílk were enumerated before and after the subpasEeurization

heat treatment (61'C for 18 seconds). S. aureus count and total bacterial

count (i.e. SPC) per ml of milk were observed as follows:

Bacterial counËs per ml of milk

before heat treatment after heat treatment

S auïeus:

SPC:

I.45 x LO2

1.20 x 103

4.5 x 101

9.5 x 101

B. HeaË Treatment. Since S. aureus inoculum was injected when the in-

t.ernal temperaËure of the milk had equilibrated to 61"C, the coming-up

Ëime was, therefore, considered to be negligible. A ten seconds coming-

up time was incorporated at the beginning of the heating period to

account for the coming-up time of the plate pasteurizer employed in the

dairy industry. The tíme for heaÈ ËreaËment, calculated from the Ëime

of injection of the inoculum Ëo the tíme when the nílk was cooled to

room temperature, rüas found to be approximately one minute.
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2. Microbíological Analysis of the Test Milks

The growth of S. aureus in the test milks is presented in

Table 6 and in Figure 3. To determíne the minimal population of S.

aureus associated with detectable enterotoxin A in raw r¿hole milk, three

iniËial inoculum levels of S. aureus, 103 ce1ls/m\, LO4 cells/ml, and 105

cells/ml mílk were ernployed. Wíth an initial inoculum of 103 cells per

ml of mílk, a resulËing populatíon of 9.85 x 104, L.o2 x L06, 2.2 x LA7,

and 6 .65 x 107 cells per ml of milk was reached after incubating at 35oC

for 4, 6, B, and 12 hours, respectively. L{ith the higher inoculurn (104

ce1ls/m1), a population of 9.2 x 105, 1.3 x 107,7.85 x I07, and 1.06 x

108 cells per m1 of nilk was reached. after 4, 6,8, and 12 hours of in-

cubation. Irríth an initial inocuhur of 105 s. aureus per mr of milk, a

population of 4.25 x LO6, 8.0 x 107, L.4z x 108, and 3.4 x l0B cells per

rnI of mÍlk was atËained in 4, 6, B, arrd 12 hours.

To determine the minimal populatíon associated with detectable

enterotoxin in subpasteurized mÍlk produced commercíally for cheddar

cheese manufacture, !. aureus was inoculated at levels of 103 and 104 per

m1 into heat treated milk (i.e. post-heat treaLmenË contaminaËion). With

an initial inoculum of 103 and 104 S. aureus per rnl of heat treated milk

"4", a resulting population of 2.45 x iI05, 2.8 x 106 , 6.2 x 107, and 1.35
oA7

x 10" cells per ml of milk; and a population of 3.2 x 10o , 7 .25 x 10/,

1.05 x 108, and 2.3 x 108 cell-s per ml of milk was reached in 4, 61 8,

and 12 hours, respecËively.

It is the main interest of this part of the investigation to

determíne whether similar responses would be observed in the case of

enterotoxigenic S. aureus índigenous to rar"/ mÍ1k Ëhat survive a sub-

pasteurizaËion heat treatment.. The effecË of S. aureus indigenous Èo
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ra!/ mílk (i.e. including pre-heat treatment contaminatíon) on the growth

and enterotoxin production in milk was studied by inoculating S. aureus
L\6at 10', 10-, 'and 10" cel1s per m1 into ra\,¡ mi1k, heat treated at 61oc

for 18 seconds, and then incubated at 35"C. In the first 4 hours of in-

cubation, there r,/as no apparent increase in growth as compared Ëo the

growth detecÈed at 0 hour. After this rag phase, heated ce1ls of s.

aureus appeared to grow and multiply at a rate comparable to that of the

unheated cells in heat treated milk "4". I^Iith an initial Ínoculum of

ro4,105, and 106 s. aureus per mr of mílk, a resulting population of
/,ç,72.65 x Lo*, L.L25 x 10', and L.o2 x LOt cells per m1 of milk was reached

in heat treated nílk "B" with the 1ow inítial inoculum; a population of
cÂ1

3.75 x 1o', 3.2 x 10o, and 8.25 x 10/ cells per ml of milk v¡as reached

in the same type of mi1lc with a higher inoculum; and a population of
(Á,a

9.85 x 10', 8.9 x 10o, and 1.04 x 10Õ cells per ml of mílk was reached

wíËh the híghesE level of ínoculum after íncubating for 6, 8, and L2

hours, respectively.

3. Enterotoxin Production in Test Milks

Results of enterotoxin producËion by S. aureus in the test

milks are Presented in Table 7. I^Iith an ínÍtia1 inoculun of 105 cells

per ml, enteroËoxin was detected ín raw milk in 6 hours. I^/ith an initial

inoculum of 103 and 104 S. aureus per ml of milk, enÈerotoxin was detec-

ted after B hours with 2.2 x LO7 celrs per ml of milk, and 6 hours wíÈh

1.3 x 107 cells per ml of milk, respecËiveIy.

With an Ínitial inoculum of 103 S. aureus per mI of milk,

enterotoxin was detected in heat ËreaËed milk "4" (i.e. post-heat Ëreat-

ment conÈamÍnation) after 6 hours with 2.8 x 106 cells per ml of mi1k.
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TABLE 7. Enterotoxin Production of S. aureus Isolate No. 13

in Raw and Heat Treated Mitk

DETECTASLE ENTEROTOXIN

IDENTIFICATION S. aureus TIME OF INCUBATION AT 35'C (hr)
OFTESTMILK INOCULI]M O 4 6 B L2

RAW MILK

R1

A1

Ã2

HEAT TRIATED MILK IIAII

- (-) (+) (+)

(-) (+) - (+)

(-) (+) - (+)

- (-)*'t

- (-) (+) *

- (-)

R2

R3

B1

B2

B3

103

104

105

103
It

10'

Ll0'
105

106

HEAT TRNATED MILK 'TBT'

(+) *

(+)

(-)

')k'*

eriterotoxin detected

enterotoxin not detected

not tested for enterotoxin
also submitted for RIA

no.deËectable enteroËoxin even after 24 hours
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I^Iíth an initíal ínoculum of 104 cel-ls per mI of rnilk, enterotoxin was

detected after 4 hours wíth a populatíon of 3 .2 x LO6 S. aureus per ml

of heat Ereated milk "4".

Enterotoxin was not deËected, however, after 12 hours in heat

treated milk "8" (including pre-heat treatmenË contaminatÍon) whích r,¡as

obËained from the same baËch of raw rnilk heat treated and incubated under

identical conditions wiËh an equivalent level of inoculun (104 cells/ml),

alËhough a staphylococcal populaËion of I .02 x 107 was attaíned. But,

with hígher initíal inocula, lOj and 106 s.

r¿as deLected in heat treated ní1k "8" after

of 8.25 x LO7 and 1.04 x 108 cells per ml of

DISCUSSION

Depending upon the production and sanitatíon practices on

farms, as well as the storage ËemperaËures, Ëhe Lota1 bacterial counË

(i.e. SPC) of raw milk may vary from a few thousand up to 1 x 105 cells

per ml or more for Grade A raw mi1k. Growth inhibiÈion of S. aureus in

rarv milks of hÍgh bacteríal count has been reported to be atËributed to

the high numbers of competing organisms in the milk (Donnelly et a1.,

1-968; Tatini eË al., 1971b). In establishing standards, Ëhe safety limit

on the nr¡¡nbers of S. aureus related to enterotoxín productíon, therefore,

should be set with low counÈ Grade A raw milk. Rarn'nilk with an SPC of

L.2 x 103 ce1ls per ml , índeed, r¡ras most suitable for this part of Ëhe

investigation. Grade A raw mílks may contain fer¿ S. aureus cells, 10 to

3300 ce1ls per ml (Clark and Nelson, 1961); whereas manufacturing grade

aureus per ml, enterotoxin

12 hours, reaching a maximum

milk, respectively.
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ravl milks may cont.ain over 1 x 104 cells per ml. Therefore, the inoculum

1evels chosen for this experiment, fO3-tO5 cells per mI, \^rere representa-

tive of the range of staphylococci found in some manufacturing grade ral.v

mílk. In both raw and pasteurized rnilks having a low SPC, enterotoxin

was detected in minimal incubation times of 6 to t hours at 35oC, 9 to L2

hours at 30ÕC, 18 hours at 25"C, and 36 hours at zOoC after inoculation
(.

with 10- s. aureus per m1 (Donnelly et a1., 1968). rn high count ra\¡r

milk, enterotoxin was detected only in samples incubated at 35oC (Donnelly

et al.' 1968). Therefore, an incubation temperature of 35oC was chosen

for Ëhis part of the invesËigation to ensure safet.y limít and to represent

the temperature at which cheddar cheese is made.

Enterotoxín r¡as detected in both raw and heat treated milk.

However, ít was produced with a much lower staphylococcal population in

heat treated milk than in raw mílk at any one ínoculum level- used. This

result is in agreement with those of Tatini eË a1. (l97la), who reported

beËter growth and enterotoxín production in heaË treated milk than in raw

rnilk. with an initial inoculum of 103 cells per mr, enterotoxin was

detected in raw milk afËer B hours and in heat treated milk after 6 hours,

reaching 2.2 x 107 and 2.8 x to6 s. aureus per ml of milk, respectively.

I'Iith a higher inoculum, 104 ce1ls per ml , enÈerotoxin was detected afËer

6 hours in rarv milk and 4 hours in heat treated milk, reaching 1.3 x 107
L

and 3.2 x 10" s. aureus per ml of milk, respectively. Hence, the minimal

populaËi-on of S. aureus associated with detectable enterotoxin A in raw

mílk appears to be 1.3 x 107 cells per ml, while a mínÍmal population of

2.8 x 106 cells per mI resulted in enterotoxin production in heat treated

milk (SPC = 95 cells/ml). Donnelly er al. (1968) found a mj.nimal popula-

tion of 5 x 107 S. aureus per mI and a mÍnimal incubaÈion of 6 hours at
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35oC r,¡ere required for enterotoxin production in raw mÍtk. The lower

minimal population required for enterotoxin production observed ín thÍs

investigatÍon could be aËtributed to Ëhe bet.Ëer concenÈration and enËer-

otoxin detection method employed in this study. Tatini et al. (r97ra)

reported that enÈeroËoxin was detected after 4-6 hours at 37oC in 1ow

count raw milk (spc = B0 cells/ml) with a minimal population of. 2-3

million S. aureus per ml. Their results are very much símilar to Ëhose

obtained in the heat treated milk "4" of this investígation, in which a

similar SPC level (95 cells/ml versus B0 cells/ml) was observed. I,Iith

an initial inoculum of 104 S. aureus per mI, the same auËhors reported. a

minirnal staphylococcal population of L2 míllion was required for entero-

toxin producËion in heat treated urilk (65.6"c for 16 seconds) after

6 hours at 37oC. The different minimal populatíon required for entero-

toxin production observed in this sËudy, as compared to that reported by

Tatini et 41., could be attríbuted to the better recovery of s. aureus

on the BP rnedium (versus their 5110 medium), and possÍbly to the differ-

ence in the strains of S. aureus_ employed.

Growth and enterot,oxin producËion of S. aureus indigenous to

raw milk, thaË survive the subpasteurízation heat treatment, has never

been studied. An attempË to study ËhÍs was made in this part of the in-

vestigation. Such an experiment also applies to the pre-heaË treatment

contamination of milk. Tatíni et al. (1971-b) speculated that "iÈ is

1ike1y that heaÈ injured S. aureus may not be able to recover and gro\¡r,

or ruay grow but be unable to produce enterotoxin." Yet, Èhe optimr:rn

Ëemperature and pH for the recovery of heat injured cells of S. aureus

are 32"C and 6.0, respectively (Allwood and Russell, 1966). It is of

inËerest Èo noË,e Èhat the temperaËure at. the early sEages (including the
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milk ripening stage) of the cheddar cheese manufacËuring process is

3O-32"C and the pH of mílk is around 6.0. Therefore, conÊamination of

cheese milk with sublethally heat damaged ee1ls of S. aureus that are

capable of repairing the injury would be expected. After the sub-

pasteurization heat ÈreaLment of 61oC for 18 seconds, S. aureus shor¿ed

no increase in growth duríng the first 4 hours of incubation. Sn aur:eus

survivors, however, multiplied ultimately at a rate similar to that of

Èhe unheated organisms in heat treated milk "4". Growth was initiat.ed

after a lag period of 4-5 hours. This 1ag phase could be attributed to

a recovery períod displayed by the S. aureus cells under a repair

mechanism. As cíLed ín the literature review, several r¿orkers (Iandolo

and Orda1, L966; Bluhrn and Ordal, 1968; Rosenthal and Ordal, l-970) have

reported that a host of cellular changes have been implícated and related

to depressed growth capabiliËies of heaË injured cells of S. aureus.

Enterotoxin was detected in heaË treated milk "8", although íÈ

was produced at a much higher staphylococcal populatíon than in either

ra\¡r or heat treated mílk '4". With an initial inoculum of 104 cells per

ml, a resulËing population of 1.O2 x tO7 S. aureus per ml was atËained.

EnËerotoxín was not det.ected ín Èhis ËesË milk even afËer 12 hours of

incubat.j-on. As few as 3.2 x L06 S. aureus per mI resulted in enterotoxin

producËíon in heat treated milk "4" wíth an identical milk quality and

an equival-enË inoculum af Ëer only 4 hours. I^IiËh an inÍtial ínoculum of

105 and 106 ce1ls per ml , enterotoxin ¡.¡as detected Ín heat Ëreated rnilk

"8" after 12 hours, accompanied by a resulting populaËion of 8.25 x 107

and 1.04 x tOB S. aureus per ml, respectively. Therefore, if S. auïeus

were subjected to a sublethal heat treatment and then given favorable

conditíons for growth, they could ultímately multiply and produce
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enterotoxin alËhough the process was delayed by a 7ag phase. The much

hígher staphylococcal population required for producing enterotoxin in

heaË treated milk "8" could be aËtributed to the loss of the abitity to

produce enterotoxin, partially or completely, by some of the thermally

stressed ce1ls of S. aureus recovering from the lag period. There were

no published data wiËh which to compare these results. However, whether

similar responses would be observed in the cases of other sublethal heaË

t.reatment temperatures needs to be verífíed.

Ease of enterotoxín producËion in both types of heat treated

rnilks ("4" and "8"), therefore, emphasízes the danger of: (i) pre-heat

treatment contamination, (ii) post-heat treatment contamination, and

(iii) subsequent exposure to gro\,/th temperatures adequat.e for S. aureus,

such as those employed in the cheddar cheese manufacturing process.

From the resulÈs obÊained in this phase of Èhe investigation, informaËíon

on the possible occurrence of staphylococcal ent.erotoxin in cheese milk

can be summarized as f ollor^rs:

(1) The minimal indigenous S. aureus population in raw mílk (i.e.

before subpasËeurizatÍon heat treatmenË) associated with detectable

enlerotoxin was 103 cells per ml.

(2) The mínimal resulting S. aureus populaËion in raw milk associated

with detectable enËerotoxin was 1.3 x 107 ce1ls per url.

(3) The minimal S. aureus population in heat treated milk (i.e. afÈer

subpasteurization heat Ëreatment) associated v¡ith deËectable

enterot.oxin was:
I(i) 10' cells per ml for post-heat treatment conÈaminaËion.
\(li¡ 10" cells per ml for pre-heat treatment conËamination.
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(4) The minimal resulting S. aureus population in heat treated milk

assocÍated wíth detectable enterotoxin was:

^(i) 2.8 x 10" cel1s per ml for post-heaË treatment conLamination.
7(ii) 8.25 x 10' cel1s per ml for pre-heaL treatment contamination.
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CHAPTER VT

TITLE : Growth and Enterotoxin Production of S. aureus

Isolate No. f3 in Cheddar Cheese Manufacture :

I. Manufacture and Analysis of Cheese.
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INTRODUCTÏON

In the pasË Ë\,/o decades, cheese has been the dairy product

most commonly involved in outbreaks of staphylococcal food-poisoning

(Hendricks et al., L959; Allen and Stovall, L96O; Hausler eË al., 1960;

Zehren and Zehren, 1968a; Míller, L974; Caserío et al., 1975), and

outbreaks were limiËed to cheddar and related types. The presence of

S. aureus in mílk as well as Ëheír ability Ëo produce enterotoxin in

manufactured cheese have therefore been duly recognized for quite some

time.

To achieve a better flavored cheese, the Canadian cheese in-

dusËry sËrives Ëo produce cheese from subpasteurized (61"C for 18 seconds)

milk raËher than pasteurized mi1k. But ThaËcher et a1. (1956) reported

that Canadian cheeses sometimes contained large numbers of toxigenic

staphylococci. rn ontario in 1971, a large quantity of cheddar cheese,

made from subpasteurized milk, was found to conÈain enterotoxin (Duit-

schaever and rrvine, L97L). Therefore, the growËh of s. aureus during

the cheese manufacËuring process must be resÈrícted so that a population

large enough to produce ent.eroÈoxin does not develop.

Growth of S. aureus in cheese made with normal and slow starter

rùas reported (Takahashí and Johns, 1959; Thatcher and Ross, 1960; Tuckey

et. a1., 1964). However, a much more rapid growth r¿as observed in cheese

made with slow starter (Reiter et al., Lg64). Due to ínadequate proce-

dures for the deËection of staphylococcal enterotoxins, much of the early

research was directed torvard factors that influence growth rather than

enterotoxin production by S. aureus. Recent development of serological

procedures for the detection of enterotoxins, together with modified
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methods for the concentration of enterotoxins in foods, has Ëherefore

made it possible to study the condítions conducive to enËerotoxin pro-

ducËion" It was found that all Ëoxic cheese had historíes of poor acid

development during cheese manufacture (Zehren and Zehren, 1968b). Tatíní

et al. (f971b) also demonstraËed that enterotoxin could be produced in

cheese of normal acid development. Little inforrnation is available on

staphylococcal growth in cheese manufacture assocÍated with the presence

or absence of enËerotoxin. In the only report of enterotoxin production

in cheddar cheese manufacture, Tatini et aI. (197Ib) detected the pre-

sence of enteroËoxin with a minimal population of 28 inillíon

per g of curd.

_q.. aureus

In the cheese manufacturing process, S. aureus may grow and

reach a population size capable of producing enterotoxin prior to being

inactivated by heat or low pH. The enterotoxins, being more resistant to

heat and low pH, remain actíve. ConsequenËly, examination of the finished

product alone for the presence of viable S. aureus is of limiÈed value

in ascertaining wheÈher or not S. aureus grew in the product t.o Ëhe extent

that enterotoxíns mighÈ be presenË. YeË, conventional sensitive tech-

niques for Ëhe detection of enterotoxins are noË available in most food

processing plants. Inlhere such facilÍties are avail-able, enteroËoxin de-

tection is Ëoo expensive to perform routinely. Therefore, testing every

baËch of cheese for the presence of enteroËoxins is almosË impossible.

Furthermore, rapid assay procedures are not available at presenË, nor are

preparations of purified antígen-antisera available for all enterotoxins.

For the above reasons, standards relating the levels of S. aureus in the

cheese manufacturing process (before, during, and aft.er) to the produc-

tion of enÈeroÈoxÍn become critical. To daËe, such sËandards are noË
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avallable in canada (Pivnick, L97B). A1so, the condítions reratíng the

chemical factors (pH, rnoisture content, salt content, and fat cont,ent)

to the production of enterotoxin are important as well.

The purpose of this part of the investigatÍon is, therefore,

Ëo explore:

(i) Ëhe relaËionship between the growth of S. aureus throughouË Ëhe

cheese manufacturing process and the enterotoxin production;

(ií) the relationship between Ëhe biochemical factors of cheese and

the presence of enterotoxín; and

(iii) the time required for the production of enteroËoxin in the cheese

manufacturing proeess

with a view to establishíng the necessary mícrobiological and biochemical

standards for cheddar cheese. In establishing sËandards, one must main-

tain high criteria of safety. Results obËained by Tatini et al. (1971b),

therefore, served as a reference to set up specific controls and límits

for this investigation.

EXPERIMENTAI METHODS

1. Selection and PropagaËion of Bacterial Cultures

A. Ê. et¡re]¡g. Isolate No. 13, an enterotoxin-A-producing strain iso-

lated from the ten-month survey, \¡ras adopt.ed for this phase of the

investigaÈion. IË was propagated routinely by thrice weekly transfers

as mentioned in Chapter IV.

B. Starter Cultures. Multiple strains of starter culture from Hansenrs
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(Redi-Set, Hansents) were propagated routinely in sterilized reconstitu-

ted skim milk v¡ith daily fresh Ëransfer using lZ inoculum. After each

transfer, the cultures were íncubated at 22"C (72"F) for 16-18 hours,

and refrigerated untí1 the next transfer. Starter acËivity rùas tesËed

twíce monthly according to the procedures ouËlined ín Appendix 9.

2. Source and Handlíng of Milk

Raw, whole milk obtained from the Uníversity Commercial Dairy

was collecÈed in a stainless sËeel container. It was then heat Lreated

i-n a steam chest with free flowing steam at 61oC (L42"F) for 18 seconds.

Temperature readings \^/ere routinely monitored. After heating at 61oC

for 18 seconds, the container was ímmediately cooled in ice-cooled water

to 30oC (86"F), and iÈs content r.¡as immediately poured into the cheese

vat f or cheesemaking. Approximately 45-50 pounds of rnilk \,^rere used f or

each cheese batch.

3. Determination of OpËímum Rate of Starter Failure for Cheesemaking

Addition of sÈarter culture at a rate of 27" of milk is Ëhe

normal commercial practice in Ëhe Canadian daíry indust.ry. In this

experiment, cheese batches were made wi-tÌi. 2%, L%, 0.57",0.3%, and 0.2"/"

starter. Cheddar cheese Lot C2 and Lot C3 were made with 27" starter,

and acÈed as control batches. Titratable acidity of milk and whey was

measured at 3O-minute int.ervals until the milk had ripened.

4. Inoculation of Cultures inÈo Heat Treated Milk for Cheesemaking

Specified amounts of freshly prepared, 24 hour S. aureus cul-

ture, and 16-18 hour starter cu1Ëure, \^rere added to the heat treaËed
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nrilk in the cheese vat at 30oC (86"F). S. aureus culture was inoculat.ed

at three different levels: 60 cells per ml, 5 x 103 cells per ml, and

Ã10- cells per ml of mi1k. An inoculum of 60 cells per m1 was eliminated

in ttpartíal slowt' cheese manufacture. Starter culture was added at a

rate of 2%, O.57., and 0.3% of mílk (v/v) for making "normal", "partial

slorr/tt, and ttslo\^¡tt cheese, respectively. Freshly prepared culÈures, which

were not refrigerated after incubation, vrere shaken vigorously with

sterile glass beads Ëo reduce cellular clumping irmnediately before ino-

culaËing into heat treated milk used for the eheese manufacturing process.

5. Manufacture of Cheddar Cheese

Cheddar cheese was manufactured on a laboratory scale using

procedures employed ín the Canadian dairy industry. Detaíls of the

cheese manufacturing proeedures were províded by the University of Maní-

toba Connnercial Dairy as described ín Appendix 10. Diagrams of the

laboratory designed stainless steel cheese vaË are presented in Figures

4 and 5.

Cheeses, after pressing, r¡/ere packaged in cryovac bags which

were Ëhen evacuated Ëo provide an air-free atmosphere. The packaged

cheeses were then cuied aÈ 15"C (Se"n¡ Íor 2I days, and subsequently

stored at 4-5oC (39.2-41'F). The titratable acidity of the mi1k, and

whey, and the pH of the curd r¡/ere measured aË varíous stages of the

cheese manufacturing process. S. aureus counts, and total bacterial

counts, including lacËic acid bacteria, were determined throughout the

cheesemakíng and curing process. Cheese slurries ruere collected at

various stages of the cheese manufacturing process, and were frozen at

-20"C (-4"f¡ until tested for enterotoxin. After 21 days of curing,
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cheeses r¿ere analyzed f.or their moisture, sa1t, and fat content. After

60 days of aging, cheese samples were collected, and frozen until

analyzed for enterotoxin production.

6. Microbiological Analysis of Cheddar Cheese

Twenty-five g cheese samples 'h7ere aseptÍcally blended \^ritln 225

ml of 22 sodíum citrate solution in an Osterizer at hígh speed for 3 min-

utes. The blended cheese samples were immediately cooled in an ice-waÈer

bath before plating. Appropriate serial dilutions, from the homogenate,

were made for bacteríological analysis. S. aureus was analyzed on pre-

poured and pre-dríed BP medium using a spread-plate method. Plates r,¡ere

incubated at 37oC for 24 hours. Total bacteríal counËs r¿ere analyzed on

tomato yeast extract medium using a pour-plate method. Plates were in-

cubated at 32oC for 48 hours. All plating was done in duplicate.

7. Sampling of Packaged Cheese

Test samples were obËained with a sterÍle cheese trier (ster-

ilízed by dipping in alcohol followed by flaning). From each packaged

cheese, at least three plugs were drawn perpendicularly to surface of

cheese, one from the center, one near the outer edge, and a thírd half

way between the oËher two. Each extracted plug was cut wíth a steríle

knife one inch from the rind. The outer inch of the plug was inserÈed

back inËo the bored hole, and inrnedíately sealed with hot wax. The test

samples were either used for immediate bacteriological analysis or ground

into fine shreds with a cheese grinder for moisLure, fat, and salt con-

tent determinaËion. Samples drav¡n for enterotoxin detectíon were kept

aË 4oC until used.
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B. Chernical Analysis of Milk, I{hey, and Cheese

A. Titratable Acídíty. The títratable acídity of milk and whey was

measured by titratíng 9 ml of the sample againsË 0.lN NaOH using phenol-

phthalein as the indÍcator as outlined by the OntarÍo Department of

Agriculture for Testing Dairy Products (1961). The duplicate deter-

minations conducËed on milk and whey samples varíed from their average

values by O-27".

B. pE. pH of the cheese samples \¡ras measured either on an undíluted

and slurried sample or in a 1:10 díluted (distilled waËer) and blended

sample. A Radiometer Model 26 pH meter ¡¿as used to measure the pH of

the cheese samples.

C. Moisture ContenL. Two g samples of grated cheese were used for each

moisture content deternínation. The moisture content of the cheese vlas

performed on duplicate samples by the meËhod outlined by the DepartmenË

of AgriculËure, Canada (1954). The moisture content of the cheese

samples varied within + 0.77" limit from their average values. The per-

cenËage of moísture T¡ras calculated as follows:

percentage of moisture Wt. OF SAMPLE I^7t. OF SOLID x 100
I^lt. of SAMPLE

D. Salt Content. The salt conËenË of the

on 3 g samples using Ëhe Litration meËhod.

0.17N AgNo3 were allowed to react rvith the

and the excess AgN03 was then Ëitrated with

using saturaLed ferric ammoníum sulfate as

cheese samples v¡as determined

In this method, 10 ml of

salt in the cheese sample,

0. 17N potassium thíocyanate

the indicator. Details of
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Èhe method are ouËlined by the

Testing Dairy Products (1961).

calculated as follows:

OnÈario Department

The percentage of

of Agriculture for

salt in the sample \..ras

volume of AgNo3 combined with
salt in cheese l0 ml AgNo3 -

Cheese samples were tested for the

the solid-phase RIA technique. Detection

descríbed in deËail ín the nexË chapter.

production of enterotoxin A

of enËerotoxin productíon

voh.me of K thio-
cyanate titrated

percentage of salt
volume of AgNO3 combined with salt x 100

I^It. of cheese sample

E. Fat Content. The fat content of cheese samples was determined in

duplicate by the Babcock test, as reconmended by the Ontario DepartmenË

of Agriculture for Testíng Dairy Products (1961). The faÈ content of

cheese samples varied from theír average values by 0-I7'".

9. Statistical Analysis

Results of S. aureus growth, total bacterial count, and cheese

composít.ion r¡rere analyzed by means of analysis of varíance. A two way

classificatíon \^ríth interaction was applied. Differences among the three

levels of ínoculum as well as differences beËween Ëhe two Ëypes of starter

\¡/ere tested for signifícance by comparison of the calculated tFr values

with the critical tFt values given in statistical tables (Snedecor and

Cochran, L972) at the 5%, L%, and 0.5ií significance levels.

10. Enterotoxin Production

by

is
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RESULTS

1. Optimum RaËe of Starter Failure for Cheddar Cheese l"lanufacture

Cheddar cheese batches made wíth 1, 0.5, 0.3, and 0.2% starter

(cheese batches El, F,2, F.3, and E4) were compared to cheddar cheese

batches using a 27" starter (cheese batches C2 and C3). The data obtained

are presented ín Table B.

The ripening period of milk was found Èo be 1, 2,2.75, and 4.5

hours for cheese batches made with 2, 1, 0.5, and 0.3% st.arter, respec-

tíveIy. Addition of starter culture at a raLe of 0.2% of ¡nilk did not

increase the acidity of milk during B hours of cheesemaking. Based on

the result.s observed, the addition of starter, at a rate of 0.37" and/or

0.5% of. mílk, prolonged the milk ripening period so as Èo offer a con-

síderable length of tirae for S. aureus ce1ls to multiply. A st.arter rate

of 0.3% of milk was, henceforLh, adopted for "slow" cheddar cheese manu-

facture, whereas a sÈarter of 0.5"Á ol milk was employed to acÈ as partial

starËer failure in the manufacture of "partial slovr" cheddar cheese.

2. Manufacture of Cheddar Cheese

To determine growth and enterotoxin producËion of S. aureus in

cheddar cheese manufacture, heat treaËed milk was inoculated with varying

levels of S. aureus and then made into cheese using normal , slo\.r, and

partial slow starter. During the early stages of cooking, the curd par-

t.icles in the cheese batches of slow and parÈial slow starter Èended to

be slightly more fragile than those in the batches of normal starter, and

thus required gentle stirring during the firsÈ 20-30 minutes of cooking.

Consequently, Èhe final texture of the curd was softer and r.¡eaker in the

ttslornrtt and |tparËial slowtt cheeses than ËhaË in the t'normaltt cheeses.
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TABLE B. Titratable AcÍdity of Milk and i,Ihey in Cheddar Cheese Barches
Made l^lith Various Starter Rates.

TITRATABLE ACIDITY ("/")

Rate of Starter
Time of
Sampling ,) o/

C2

)o/

C3

I"A

E1
0.5
E2(hrs

0

1

1:30

2:00

2:45

3: 00

3:30

4:00

4:30

0.2
E4

0. 165 0. 160

0. 163 0.160

0.168 0.160

0.170 0.160

0.L72 0.160

0.L7 5 0.160

0.178 0.160

0.182 0. 160
J

0.195 0.160

0.3
E3

0. 150

0.180*

0. 195

0. 150

0.160

0. 185

0.260

0. 500

0. 580

0. 155

0. 188*

0.150

0. 160

0. 185

0. 480

0- 570

0. I50

0. 160

0.170

0. 180*

0. r40

0. 140

0. 150

0.170

0. 300

0.155

0. 165

0. 170

0.L7 5

0.185

0. 140

0. r40

0.165

0. 170

* time at r¿hich milk was ripened for rennet addition.
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Starter cultures liith titratable acidity of 0.84-0.902 were

used for the manufacture of cheddar cheese. The tíme requíred for

cheesemaking from starter inoculation to pressing was found to be 7, 8.5,

and 10 hours for cheeses made with normal, partial slow, and slow

starter, respectively. The increased Ëime required for cheesemaking

using a partíal slow or sIo\,ü starter \,/as largely due to the prolonged

milk ripening period. All three types of cheese achíeved normal titra-

table acidity at various stages throughout the cheese manufacturing

process. Horrrever, ttpartial slowtt and ttslowtt cheeses Look, respecËívely,

L.75-2 and 3-3.5 hours longer than the "normal" cheese did to raise Ëhe

original titratable acidity of milk by 0.027. at the milk ripening sÈage

of the cheese manufacturing process.

The títratable acidity of mílk, whey, and pH of cheese are

presented in Tables 9, 10, and 11 for ttnormaltt, ttslo\nttt, and ttpartial

s1ow" cheeses, respectively. Mílling acídity of whey varÍed f.rom 0.527"

to 0.61% ín "normal" cheeses, 0.562 to 0.632 ín "slohr" cheeses, and 0.55%

to 0.627" ín "partial slow" cheeses. Cheeses made with normal starter had

pH values of.4.95-5.35 after pressing, whÍle those made with slow starter

had pH values of 5.45-5.8. "Partial slor"r" cheeses had pH values of 5.25-

5.6. This phenomenon remained somewhat the same during curing and aging.

Statistical analysis of pH at curing is presented in Appendix

Tables 11 and 12. SËatistical analysis on the pH values revealed signi-

fícant differences in: (í) cheeses made with normal starter and those

made with slow starter; (íi) cheeses made rr¡ith normal starter and Ëhose

made with partial slow starter. There v¡as also a significant difference

exÍsting among cheeses rnade with differenË levels of S. aureus inoculum.
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3. Mícrobiological Analysis of Cheddar Cheese

Results on Ëotal bacteríal counts in rav¡ and heat treaËed milk

are presented in AppendÍx Table 13. Total bacterial populatíon in raw

and heat treated milk ranged from 3.2 x 102 to 1.3 x 105 and 2.3 x 101

to 5.1 x 103 ce1ls per ml, respectÍve1y. Raw milk employed in Èhis

study is, therefore, Grade A raw milk accordíng to government standards.

Growth of S. aureus and toËal bacteria, includíng lactic acid

bacËeria, in cheddar cheese manufacture are presented in Tab1es 12, 13,

and 14. Indigenous levels of S. aureus in heat treated milk for cheese

manufacture ranged from 1.0 x 101 to 4.4 x LOZ ce1ls per m1 of mílk.

tr^iiËh an initial inoculum of 60, 5 x 103, and 106 S. aureus per m1 of

mi1k, a resultíng populaLion of 2.9 x 103 (Lot J23) or 1.2 x 103 (tot

M6), 7.I x LO4 (r.ot J19) or 7.85 x 104 (r.ot 16), and 1.8 x 107 (Lot J30)

or 2.25 x LO7 (Lot F4) cel1s per g of eheese was reached in "noïm41"

cheeses; a population of 3.05 x 105 (Lot J26) or 2.0 x 104 (r,ot Fl1),

3.7 x 106 (Lor J21) or 1.55 x 106 (l,or M4), and 1.68 x 108 (Lot J2B) or

1.11 x tO8 (l,ot ltg) cel1s per g was reached in "slo\,/" cheeses even after

the cheeses \¡rere pressed. With an iniËíal Ínoculum of 5 x 103 and 106

cells per ml of milk, a resulting population of 1.65 x 105 (i,ot 1"t13) or

1.55 x 105 (Lor M20), and 3.45 x 107 (l,ot A4) or 4.8 x 107 (Lor 413) s.

aureus per g was reached ín ttpartial slowtt cheeses. Therefore, there

r¡ras a 15-28 fold increase in the staphylococcal count in cheeses made

with normal starter, a LLl-698 fold increase ín cheeses made wiËh slor¿

sËarÈer, and a 3l-52 fold increase in cheeses made wiËh partial slor¡r

starter.

Initial populations of lactic acid bateria ín the cheese milks

ranged fro¡n 3.2 x LO7 to 8.0 x 107 cells per ml of milk Ín the "normal"
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TABLE 14. Growth of
in Cheddar

S. aureus Isolate No. 13

Cheese Manufacture Using

and Lacti.c Acid Bacteria
Partíal SIow Starter

BACTERIAL COUNT per m1 OR per g

LEVEL OF S. aureus INOCULIIM + IDENTIFICATION OF CHNESE

5 X 103 cells/ml
I'fl3 t42O

106 cells/ml
A4 A13

HEATED MILK IN VAT*
BP

ZER0HOIIR (0hr)
BP
TEA

CUTTING ( 3:00 hr)
BP

TEA
DRAINING ( 4:50 hr)

BP

TEA
MILLING ( 7:00 hr)

BP

TEA
DRESSING ( B:30 hr)

BP

TEA
oUT OF PRISS(24 hr)

BP

TEA
21 DAYS CURING

BP

TEA
AFTER 60 DAYS

BP

TEA

2.8 x 101

5.r x 10]
B.B x 10o

Itf.f x 10o
1.2 x 10'

2.0 x 1ol
6.25 x 10ö

s.2s x 101
3.25 x L0'

6.30 x 101
3.35 x 10'

1.6s x 101
4.15 x 10'

1.1s x 101
6. BO x 10o

It
7.65 x L0)
2.85 x 10o

2.0 x 101

s.Os x 10]
8.25 x 10o

It
1.235x 10"
1.015x 10"

1.28 x r0l
6.55 x 10'

s.ls x 101
2.85 x LO'

a.60 x r0l
4.20 x LO'

1.s5 x 101
3.70 x l0-

e. B0 x 101
4.35 x 10o

It
3.25 x L0)
2.25 x LOo

2.0 x 101

L.oa x Lo9
8.25 x l0o

6.2s x Lo9
8.40 x lOi

1.51 x 107
4.70 x 108

3.80 x lol
1.05 x 10'

a.10 x r0l
2.L5 x LO'

3.45 x LO7.

5.90 x 10o

3.20 x ro9
6.85 x l0/

8.60 x r0l
3.23 x 10o

l.B x 101

s.2s x Io2
9.65 x 10b

s.es x r09
8.65 x 10/

1.20 x 101
3.50 x I0'

a. es x 101
7.55 x 10'

6.0 x 101
1.65 x l0'

4,8 x fOl
4.7 x 10'

6.8s x r09
3.20 x 10/

e.s x 101
2.0 x 10o

)k : Ëo determine the level of indigenous
prior inoculation for cheesemaking

BP :Baird-Parker medium for the enumeration of S.

TEA:Tomato yeast extract agar for the enumeraËion

aureus in heat-treated milk

aureus

S.

of lactíc acid bacteria
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cheeses, 2.4 x 106 to 4.05 x 106 cells per m1 of milk in the "slow"

cheeses, and 8.0 x 106 to 9.65 x 106 cells per ml of milk in the "partial

slowtt cheeses. Therefore, total bacterÍal counts on tomato yeast extract

agar at the early stage of cheesemaking indicated an apparenÈ naÈural

sËarËer failure Ín the "slovr" and t'partial slow" cheese batches. Total

bacterial counts aË the dressing stage in t'partial slow" and "s1o\¿"

cheese batches, compared Ëo trnormal" cheese batches, however, indícated

similar growth. But, rrpartial slow" cheeses took 1.75-2 hours and "slow"

cheeses took 3-3.5 hours longer Ëhan Ëhe "normal" cheeses did to reach

a similar bacterial populatíon at Ëhe milk ripening stage of the cheese

manufacture. Otherwise, the growth pattern of lactic acid bacteria

appeared to be the same for all cheese batches.

Results on growËh of S.

14 agreed with earlier publíshed

presented in Tables 12, 13, and

in that:

aureus

rePorEs

(1) Regardless of inoculum level used, rapíd growth of S . aureus r/üas

found during the early sËages of cheesemaking up Èo the milling stage,

followed by little growth till the dressíng tÍme although the temperature

in the curd during this period was favorable for staphyloeoccal- growth

(35"- 3B"C), and declined gradually thereafter.

(2) Maximal growth of S. aureus was reached at the dressing stage of the

J30, in which maximal growth

an initial inoculum of 60

milk, a populaËion as large
It

, 7.9 x 10' (Lot Jl9) or
1

or 3.8 x 10' (l-ot F4) S.

cheeses; whereas an even

cheese manufact,ure with the exception of LoÈ

was achieved aË the out-of-press stage. I^Iith

cells, 5 x 103 cells, and 106 cells per ml of

as 5.55 x 103 (r,ot J23) or 3.1 x 103 (Lot M6)

9.8 x 104 (rot F6), and L.675 x 107 (Lor J3O)

aureus per g of curd was reached in ttnormaltt
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Iarger population of 3.75 x 105 (l,ot J26) or 4.0 x 104 (Lor F11), 6.3 x

106 (r,ot .rzt) or 3.4 x 106 (Lot M4), and 2.0 x 108 (Lor J28) or 2.ZI x

tOB (f,ot MB) S. aureus per g v¡as reached in slow starter cheeses. I^Iith

an ínítial inoculurn of 5 x 103 and 106 ce11s per mI of milk, a resulting

population of 6.3 x 105 (Lor M13) or 4.6 x 105 (Lor M20), and 4.I x I07

(tot A4) or 6.0 x iIO7 (Lot Al3) S. aureus per g of cheese r¿as reached in

cheeses made with parËial slow starter.

(3) aureus counËs decreased gradually duríng curing and aging.

(4) S. aureus multíplied consíderably more rapidly in cheeses made wiËh

a slor¿ starter Ëhan in cheeses made with a normal starter. They also

multiplied slightly more rapidly ín cheeses made with a partial slow

starter than in those made with a normal sÈarter. L{Íth an initial ino-

culum of 60 cells, 5 x 103 cetls, and 106 cells per ml of milk, a

resultíng populatíon of 2.9 x 103 (Iot J23) or 1.2 x 103 (r,or ¡,t6) , 7.L x

tO4 (i,ot J19) or 7.85 x 104 (Lor F6), and t.B x 107 (rot J30) or 2.25 x

707 (LoË F4) S. aureus per g of cheese was reached ín normal sËarter

cheeses; whÍle a population of 3.05 x 105 (f,or J26) or 2.0 x 104 (Lor

F11), 3.7 x 106 (r,or J21) or 1.55 x 106 (i,ot M4), and t.6B x l0B (l,ot

J28) or 1.11 x 108 (f.ot t"t8) S. aureus peï g of cheese vras reached in
ttslo¡nrtt cheeses even after the cheeses were pressed. trriith an initial

inoculum of 5 x 103 cells and 106 ce1ls per m1 of milk, a resulting

population of 1.65 x 105 (r,or M13) or 1.55 x 105 (Lor t"120), and 3.45 x

107 (Lot A4) or 4.8 x 107 (Lot 413) S. aureus per g of cheese was

reached in ttpartial slowtt cheeses.

S

(5) A direct relationship between Ëhe counts of

those in the resulting cheeses was obËained,

! . aureus in milk and
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(6) The extenÈ of the staphylococcal multiplícaËíon

was independenË of the íniËial numbers of S. aureus

milk. At any one particular level of inoculum used

the extent of S. aureus growth was differenË between

batches made under identical condítions as presenLed

during cheesemaking

ín the inoculated

in this ínvestigation,

the two individual

in Figures 6-8.

(7) Survival of S. aureus during curing seemed to be prolonged by.

increasing the inítial inoculum in mÍlk. rn this experiment, s. aureus

growth l.¡as not detected in normal starter cheeses made with an initial

inoculum of 60 cells per ml of urilk. Yet, growth r^ras found in cheeses

made with higher inocula.

St.atistical analysis performed on the bacterial counts in

"normal" and "slow" cheeses is presented in Appendix Tables 14 to 17.

StaËistical analysis on these data revealed thaË:

(i) S. aúreus counËs obtained aÈ the dressing and curing stages of

cheese manufacture were signíficantly dífferent in cheese batches

made wíth normal and slow starter.

(ii) S. aurêus counts obtained aË sjmilar stages of cheese manufacture

were signÍficantly dífferent Ín cheese haËches made with different

levels of S. aurèus inoculum.

(iii) There \^Ias no significanË dif ference observed in the total bac-

terial counË between the normal and slow starter cheeses made with

any one particular S. aùreus ínoculum level. Similarly, no signi-

ficant difference rnras observed within the t'normaltt or ttslohr" cheese

batches made with varyíng S. aureus inoculum Ievels.

However, total bacterial counts observed in the dressing stage r¡/ere

signíficantly different ín cheese batches made with normal sÈarËer

at any one parËicular S. aureus inoculum level and those made wiËh

(iv1



I49

FlG.6 GROWTH OF _ä.su¡euç tru CF{EDDAR Ch{EESE

MAruUFACTURE($.çweus lnoculum : 60/rnl )

A

%

\

/

f

e
g
5 4.o
o
o

g
oJ
IJJrl|

CTA

o
c¡-3'O
oJ

æ*
o&-*
w

*%
-@%

\A
\

\\

F11

\
\ J23

\
\\

oo. 
\

@\

&, @ * Normol
A o*- Sl ow

Slorter

Sto rter

\\r
tto

\,
I{6 \

\

æ

,. æ'6

Cut Dno in M ¡ll

M AN U FACTIJ RI ru G

Dress P¡'ess

STAGES

O l-ln 2l Doys 60 Doyr



FlG.7 GROWTF{ OF S.quneus lru

MAN UFÂCTURE ( S.. quf€us.

CH EDDAR

lnoc ulurn :

CHEESE

5 x I oSzmt)

r50

J19

,

6.Otr'r

v,
c3
o
(J

tîâj
ot
LJj
d

cnl

I
(9
o
J

o

t
åV-;¡

5.O

& @-Normdl

* n--Portisl

A O-Stow

St crte¡.

Slow Slorter

Sto rte r

Droin Mill Dress

MA N UFAC TUR ING

Press 2 I Doys

S TA GES

OHr Cut 6 O Doys



151

FIG. E

9"0

'o

.o

GROWTH OF -â.
MAruUFACTURE

cureus in CHEDDAR
( S. sureus lnoculurn ¡

CF{ EESË
to6zmt)

\

;B
Ø
c
3
o
C)

tßrl
ot
L-l

=lol
.7

(/)l '
-=
(D
o.J

N
\413g

A4

Â@-Normal Storter

S n -- Portíal Slow Storter

A O- Slow STorter

Droln Mill Dress

MANUFACTURING

Press

STAGES

OFlr CUT 2l Doys 6ODcys



7s2

s1o\47 starter at another s. aureus ínoculum level. Hence, the type of

starter and the level of S. aureus inoculum created a combined inter-

acting effecË to produce significant differences in the total bacterial

count among indívidual cheese batches. This ínteracting effect T¡/as not

observed in Ëhe curing stage when the Ëota1 bacterial populatíon r47as

dying out.

Statistical analysis performed on the bacterial counts in

"normal" and "partial slow" cheeses is presented in Appendix Tables 18

to 2I. Results símilar to those of the "normal" and "slow" cheeses [ (i)

and (ii) ] rere obtained for the S. aureus counts in "normal" and "partial

slor¿" cheeses. Simílarly [as ín (iii)], no significant difference r,üas

observed Ín the toËal bacterial counËs between the "normal" and the

ttpartial slorr¡ttcheeses made with any one particular S. aureus inoculum.

Similarly, no signíficanË difference vras observed within the "normal" and

"partial slow" cheeses made wíth varying S. aureus ínoculum levels. In

contrast, statisËical- analysis on the total bacterial counËs revealed -.

thaË the type of starter and the inítial inoculum of S. aureus had no sig-

nifícanË interacting effect on the counLs observed ín both stages of the

cheese manufacture.

4. Chemical Analysis of Cheddar Cheese

Chemical analysis on the moíst.ure, salt, and fat. contenÈ of

cheddar cheese made wiËh normal, s1ow, and partial slow starter is pre-

sented in Tables 15, 16, and 17, respecÈively. All the cheese batches

made were rvithin Ëhe maximum limiL of 40% moisture contenË, and within

the minimum limit of 507( fat content (dry basis) as required by the

federal government regulation.
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TABLE 15. Moisture, Salt, and Fat Content of Normal Starter Cheese

PERCENTAGE ( Z )

]I
LEVEL of S.aureud'INOCULUVÍ + IDENTIFTCATION 0F CHEESE

60lnl
M6 J23

5 X 103/m1
J19 F6

to6lmr
J3O F4

MOISTURE CONTENT

SALT CONTENT

FAT CONTENT

&
FAT (DRY BASIS)

34.49s

L.34

34.0

5L.904

38. 988

1 taL. JL

33.5

s4.906

37 .7 50

L.47

35.5

57 .028

36.I23

1.40

33. 5

s2.444

39 .t7 5

1. 48

31. 5

5L.7 87

38. 050

L.23

32 .5

52.46L

*¡faton dry basis =

ll z aureus inoculum

fat content
100 - moisture

was Isolate No. 13

X TOO%

Þ..
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TABLE 16. Moisture, Sa1t, and Fat ContenË of slor,¡ starter cheese

PERCENTAGE ( 7" )

4

LEVEL OF S.aureusT'INOCUI-TIT"T + IDENTIFICATION OF CHEESE

60/ml 5 X 103/n1 to6/*1
J26 FlI JzL M4 M8 JzB

MOTSTURE CONTENT 37 .490 36. 658 36.520 39. B5B 38.793 40.070

SALT CONTENT L.42 L.4L T.4B 1.55 T.4B 1.51

FAT CONTENT 32.A 33.0 33.0 3r.0 3r-0 31.0

:h
FAT (DRY BASIS) ^ 51.191 52.097 5r.984 5L.544 50.647 sL.727

* ; fat on dry basis - fat content
x 1002

I00 - moisture

i/ : S. aureus inoculum was Isolate No. 13
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TABLE 17. Moisture, Sa1t, and Fat Content of Partíal Slow Starter Cheese

PERCENTAGE ( 7" )

LEVEL OF S. u..,'u.,"/I INOCI]LI]M + IDENTIFICATION OF CHEESE

s x to3/mt to6lmt
Ml3 t{20 Al3

MOTSTURE CONTENT 38.150 38.125 38.658 39.340

^4

SALT CONTENT

FAT CONTENT

r. 4B

33. 0

1.51

33. 0

r.54

31.5

1. 55

31. 0

I'Ar (DRy BASrS)* 53.355 53.333 51.351 5r.105

fat content
* ; fat on dry basís = x Loo"t

(100 - moisture)

ll : S. aureus inoculum was Isolate No. 13
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Moisture contents of 36-39% r¿ere obtained ín all cheese

batches with the exception of Lot M6 and Lot J28, which had a moisture

content of.34.5% and 4O%, respectively. The salt content of the cheese

batches ranged from 1.23-L.557". A fat content of 31-35 .5% was observed

j-n the cheese batches. AL any one parËicular S. aureus inocuh:m used,

it was found that the fat content r^ras higher in the cheeses made with

normal sLarter than in those made with slow or partíal slow starÈer.

Statistícal analysis on the chemícal composition of cheddar

cheese baËches is presented in Appendíx Tables 22 to 27. StaËistical

analysis of these data revealed that:

(i) There were no significant differences between the moisture conËent

of the cheeses made with normal starter and those made wíth slow

starter. Also, Ëhe moisture content. of the cheeses using differ-

ent inoculum 1eve1s did not reveal any significanË differences.

Similar resulLs were obtaíned from the statistical analysís on

ttnormaltt and ttparÈial slowtt cheeses.

No sígnifícanË differences v/ere found beËween the salt content of

normal and slow starter cheese batches. Also, no differences

(ii)

were detecËed in Ëhose cheeses made r,¡ith varying S. aureus l-nocu-

1um levels. Sirnilar results were obtaíned from the staËistical

analysis on ttnormaltt and t'partial slowtt cheeses.

(iíi) There \¡rere no significanË differences in the fat content of the

ttnormaltt and ttslowtt cheeses made with dif ferent levels of S.

aureus inoculum. The fat content found in t'normaltt cheese

batches, horvever, trras significantly different from that found in

ttsloI^Itt cheese batches.

Statistical analysis on the fat conËent of cheeses made with(iv)
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normal and partíal slor¿ starter revealed sígníficant differences

in the fat content of cheeses made with different s. aureus ino-

cultrn levels. The fat content ín cheese batches made with normal

starter was noE found to be different significantly from those

batches made with partÍal slow st,arter.

DISCUSSION

Cheeses made v¡ith slow or partial slow starter \nrere slightly

softer in texture than Èhose made wiËh normal staïter. Otherwise, there

\¡Ias no difference in texture and appearance. All three types of cheeses

achieved normal milling and tiËratable acidity (I,IilsËer, L964) at various

stages of the cheese manufacturing process. However, as demonstrated in

Table 8, slow and partial slow starter Ëook 4.50 and 2.75 lnours to raise

the original titraÈable acidity of milk by 0.02% at rhe rnilk ripening

stager thus producing an early starter failure. After pressing, the pH

values for the ttnoïmaltt cheeses were less Ëhan 5.4, whereas those for

the "slow" cheeses r¡rere consíderably higher than 5.4. Otherwíse, there

I^7as no indícation of starter failure. I^Iith a low S. aureus inoculum of
41

5 x 10' ce11s per ml, cheeses made with partial starter failure had pH

values of 5.25 and 5.35. I^Iith a higher S. aureus ínoculum, pH values

for "partial slow" cheeses were 5.5 and 5.6. Therefore, the difference

in pH values between ttnormaltt and ttpartíal slowtt cheeses was less prom-

inenÈ. However, at any one s. aureus inoculum used, it was found Ëhat

the pH values were higher ín the rrparËíal slorv" cheeses than ín the

ttnornaltt cheeses. Based on Ëhe above observations, cheese batches made
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wiËh a slow or partial slow starter (with hÍgh S. aureus inoculum) had a

rather poor acid development in the early hours of cheesernaking, as well

as in the finished product. Therefore, early starter failure could be

indicated by abnormal pH observed at the out-of-press stage of the cheese

manufacture. hrhen this indication fai1s, as in the case of partÍal

starter failure wiËh a 1ow S. auïeus inoculum, early starter failure

could always be detected by the total (lactic) bacËerial count. Tatini

et al. (1971b) reported Ëhat early sËarter failure may be indicated by

abnormal milling acÍdity of whey or pH of cheese out of press, while

partial starËer failure was indicated only by low milling acidity. This

disagreement on mitling acidity as an indícation of starter failure pro-

bably lies in the difference in the nature of starter faílure employed.

TatínÍ et al. (1971b) used an induced starter failure by lactic bac-

teriophage, whereas natural- starter failures were employed in this

investígatíon.

According to statistical analysÍs, the difference in pH values

between the ttnormaltt and t'slov¡tt cheese baËches was signifícant. Also,

differences among the pH values of cheese batches made with different

levels of S. aureus inoculum \^/eïe statistically significant. Similar

results were obt.ained in comparing the "normal" cheeses with the trpartial

slow" cheeses. Thus, statistical evaluation of the data on pH values

further indicated that poor acid development ín the finished product

resulted from early starter failure as well as exLensive growth of s.

aureus. The 7 toxic batches of cheddar cheese all had a pH value of 5.4

or higher. Tatini et al. (fgZfa) demonstrated enterotoxin production in

sterile reconstítuted nonfat dry milk at a pH as low as 4.5. However,

differences in the pH values alone may not accounÈ for the production of



enterotoxin, since no enterotoxin was detected in Lot J26 and

both representing relatively high pH values of 5.6 and 5.45,

Although both Lot J26 and Lot Fll were slcn¿ starter cheeses,

nevertheless made with a low inÍtial S. aureus inoculum of 60

1s9

Lot Fll,

respectively.

they were

cells per

mI of ni1k.

The numbers of lactic acid bacEeria ín a 2% starter vrere

approximately 20-fo1d greater than those ín a 0 .37" starEer, and 7-fo1d

greater than those ín a 0.52 starter. Lactic bacterial growth at Ëhe

early hours of cheesemaking, therefore, índicated an apparent natural

starter failure in the t'slor,r" and "partial slow" cheese batches. Sírnilar

population Ievels were achíeved in all the cheese batches at the draining

stage of the cheese manufacÈuring process. However, "partíal s1ow"

cheeses took 1.75-2 hours and "s1ow" cheeses took 3-3.5 hours longer than

the "normal" cheeses díd t,o attâin a similar population size. StaËistical

analysis revealed no significant differences in the lactic bacterial

counts (i) between cheese batches made with normal and slow starter and

(ii) among cheese batches made with different S. aureus inocula. The

interacting effect created by the Ëype of sLarËer failure and Ëhe levels

of S. aureus inoculum on the lactic bacterial counËs in the índividual

cheese batches at the dressing stage could not be explained.

Results on growth of S. aureus in cheddar cheese of normal

acidity were in a6lreement with earlier reporÈs from other investigators

(takahashi and Johns, 1959; Roughley and Mcleod, I96L; IfcÏ,eod et al.,

7962; ReiËer et al. , 1964; Tatini et a1., 1971b). There \¡ras a 15-28 fold

increase in S. aureus count in cheeses made with a normal starter. On

the other hand, there r^ras a 117-698 fold and 3L-52 fold increase in

cheeses rnade with a sloi¿ and partial slorv starter, respectively. This



160

bíg contrast is expecËed, sínce s. aureus grow most. rapidly during the

earry stages of cheesemaking, and are therefore most susceptible to

changes in growth conditions caused by actively growing starter cultures.

Hence, a prolonged milk ripening period, wíth a reduced populatíon of

lactic acíd bateria, would give rise to extensive growth of S. aureus in

cheeses made with starter failure. This also explains the lesser ex-

Ëensive growth of S. aureus in cheeses of partial starËer failure as

compared to Ëhat in cheeses of the slow starter. Accordíng to the

findings of Takahashi and Johns (1959), there T¡ras a lO-fold increase in

Ëhe staphylococcal count of eheese over that of the milk resulting from

physícal entrapment. of organisms in the curd and v/as noË due Ëo growth.

Studies on growth of S. aureus ín cheesemaking have been reported. A

14-fo1d increase up to hooping was observed by Roughley and Mcleod (f961).

Takahashi and Johns (1959) reporËed obtaining a 15-45 fold increase at

the end of cookÍng, and a Z5-foLd increase was observed by Tuckey et al.

(1964) after pressing. Tatini et a1. (1971b) reported a L6-24 f.oLd

increase in the curd during manufacture. The same authors showed thaË

different strains of S. aureus and different types (single or mixed

strains) of starter conLribute to the varíation in S. aureus increase.

Tuckey et al. (L964) reported a further increase in S. aureus count in

the first Ëhree weeks of ripening. However, resulËs ín this investiga-

tion agree with reports from other workers (Mcleod et al., 1962; Roughley

and Mcleod, 1961; Takahashi and Johns, 1959) in ËhaË S. aureus count

decreased gradually throughouË the entire curing period.

At any one particular 1eve1 of inoculum used in Ëhis investi-

gation, the extent of s. aureus growth was different between the two

individual batches (e.e. J30 and F4, J21 and M4 etc.) which were made
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under identical conditions with an equivalent level of the same type of

starter. This suggested that factors such as milk quality and milk

microflora may alter the conditions for staphylococcal gror^/th, and may

eventually change the rate of gror,rth of the test organism.

Results regarding the moisture content and fat content of the

experimental cheeses \,rere found to meet the standards set by the federal

government (maximum moisture content 40%; mirnímum fat content 507"). The

chemical composition of the cheese samples obtained from the experimental

batches made with normal, partial slow, and slow starter revealed the

following ranges:

MOISTURE CONTENT

FAT CONTENI

SALT CONTENT

34.s"/. - 40.07"

37.0"/" - 35 .57"

L.23"/" - I.557"

The salt content in the cheese batches was rather low, but this \nras not

uncommon in a small laboratory scale production. TatinÍ et al. (I971b)

reported a final salt conÈenÈ of L.2-2.I7., and a final moisture contenÈ

of 36.34-43.097". The same r¿orkers found that the moisture contenË of

the inhibited sÈarter cheeses'þras considerably higher than that of the

normal starter cheeses. Tttey furËher suggested that this higher moisture

conËent may have contributed to the production of enterotoxÍn in the

inhibited starter cheeses, and the lack of enterotoxin in the "normal"

cheeses. However, according to statistical analysis of the data obtained

ín this investigatíon, there are no signifieant dífferences in the mois-

ture conËent between (i) cheeses rnade with normal and slow sËarËer and

(ii) cheeses made with normal and partíal slov¡ sËarEer. Therefore, it

is questionable r¿hether moisture conEent can be a prime factor that will
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enhance the productíon of enterotoxin.

At any one particular level of S. aureus inoculum used, the

dífference betr¡een the fat content of the "normal" cheeses and that of

the "slow" cheeses was statistícally significant. There were no pub-

lished data \,üíth whích to compare these results. Recently, several

r,rorkers (Saggers and Stewart, 1968; Shah and trrlilson, 1965; Vadehra and

Harmon, L969) have found that most of the S. aureus strains possess the

enzyrne lipase whích is capable of hydrolyzing faÈ into free fatty acids.

Other invesËigators (Ozdzynska and Kafel, 1968; Pazdiora and Serbus, 1970)

have also reported that all the lipase-positive strains r¡/ere coagulase

positive, whereas lípase-negaËive strains did not produce this enzyme.

By anaLyzíng milk fat, several workers (vedehra and Harmon, 1965; Luks-

dova and Vavrova, 7974) have demonsÈrated an increase Ín the toËa1 free

fatty acíds caused by the effect of staphylococcal lípase. This perhaps

explaÍns why the fat content of the "slow" cheeses is lower than that of

the ttnormaltt cheeses. However, whether this is the reason for producing

low fat content in the "slour" cheeses needs to be verifÍed. In the case

of partial starter failure, statistical analysis revealed significant

differences in the fat contenË of cheeses made wiËh differenË S. aureus

1eve1s. The I'partial slorl" cheeses rr¡ith a higher S. aureus inoculum had

a fat content lower than Ëhose made with a lower inoculum.

A low fat content of 37-32.57"was obtained in 7 cheese batches,

6 of v¡hich were found to be Èoxic. Although cheese baËch J21 was found

to be toxic with a fat content of 33%, ít nevertheless had a high pH

value of 5.8 accompanied by an extensÍve growth of 6.3 x 106 s. aureus

per g of cheese. ìforeover, thj-s batch of cheese üras made with a slow

starËer. Therefore, I-ow fat content alone could not be Èhe prime
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determinant for the presence of enterotoxin. It seems more 1íkely that

1or^¡ faË content accompanied by starter failure and relatively high pH

value with a high resulting staphylococcal population would then possibly

signal a potentíal- health hazard.

From the results obtained ín this phase of the investigation,

information on the chemícal factors of cheddar cheese in relatíon to the

possible absence of enterotoxin can be summarized as follows:

(1) The pH value of cheese ouË of press should be less than 5.4.

(2) The moistuïe content of Ëhe fínished product should be less than 40"/".

(3) The fat contenË of the finished producË should be less tjhan 33"/..
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CFIAPTER VIT

TITLE : Gror¿th and Enterotoxin Production of S. aureus

Isolate No. f3 in Cheddar Cheese l,ianufacture :

II. Detection of Enterotoxin in Cheese
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INTRODUCTION

Established conventíonal methods for the detection of entero-

toxins in foods involve long and laboríous purification and concentratíon

procedures followed by assay usíng the microslide imrnunodiffusion tech-

níque (Casman and Bennett, L965; Zehren and Zehren, 1968; Reiser et al.,

1974). The yield of enterotoxin for these methods is rather 1ow. In

the only report of enteroLoxin productíon in cheddar cheese manufactuïe,

Tatini et al. (197lb) detected enteroËoxin by the mícroslíde technique

with an estímated recovery of only 40-507.. The microslide immunodiffu-

sion method is barely sufficient in sensítivity to detect the amounË of

enteroËoxin whÍch must be detected (i.e. 0.1-0.2 ug per 100 g of food,

U.S. Food and Drug Administration). Furthermore, many workers have

dífficulty in achieving thís sensitivity (Bergdotl et al. , L976).

Recently, research has been conducted on the development of

the solid-phase RIA methods for the determinatíon of staphylococcal

enterotoxins (Collins eË al. , L973; Johnson et a1. , L973; Park et al.,

!973). These methods are based on the competition between unlabeled and

125t-1"b"led enterotoxins for antígen-binding sites in the anti-

enËerotoxin molecule. Unlabeled enterotoxin inhibits the attachment of

labeled enterotoxin to an extent thaË is proportíonal to the amount of

unlabeled enterotoxin presenË. The amount of labeled enterotoxin thus

adsorbed can be measured by radÍ-oactive counting. Using the RIA

technique, the requirement for purification and concentration is con-

síderably reduced. Two s)¡stems are presently utilized in the solid-

phase RIA. Employing bromacetyl-cellulose partícles as the solÍd-phase,

Collins et al. (1973) \¡rere capable of quantitating 10 ng of enterotoxins
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per g of food. Johnson et al. (L973) adapted polysryrene tubes as rhe

solid-phase with a potential recovery of 2-3 ng of enterotoxíns per g of

food. However, these workers failed to províde statístical evaluatíon

to determine the actual sensitivity and precision of their assay pïo-

cedures.

In atteurpting to assay enterotoxins in high protein foods,

non-specific binding caused by the food components has been reported by

several r¡orkers (Johnson et al., L973; Bergdoll et al. , L976: Genigeogis

and Kuo, I976). This interference from food components was suffíciently

large to seriously reduce the sensiËivity and precísion of the assay

(Pober and Silverman, 1977). The purpose of thÍs phase of the investi-

gation, therefore, ís:

(i) to develop extractíon and assay procedures for the RIA with a view

to minimizing the non-specífic binding caused by food components;

and

(if¡ to determine the feasibility

the detecËion of enterotoxin

Ëhe solid-phase RIA technique for

cheddar cheese.

of

in

EXPERIMENTAI METHODS

1. Extraction of Enterotoxin from Cheese Samples

A represenlative sample of cheese, consistíng of 25-50 g, rnras

blended vüith 2.5 volumes of Ceskars extraction/incubation buffer (Ceska

et aI., 1970). Extraction r¿as performed as outlíned by the Health Pro-

tection Branch, Department of Health and Inlelfare, Canada (Appendix 5).

Owing to the díscovery of 4on-specific Ínterference caused by
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protein componenËs in the cheese exËract, the extractÍon method was

modified wiËh ehloroform extraction and concentration by dialysís.

ModificaËions are outlíned as follows:

(i) SupernatanË r^/as obtained from a cheese sample using the original

extraction procedures as listed ín Appendix 5 (steps 1-9). The

supernatarì.t \,ras then extracted wíth 20-302 chloroforrn (approxi-

mately 4:I).

(ii¡ The extractíon mixture r¡ias centrífuged ax L7,500 rpm for 20 min-

utes at 4"C (Sorva11 centrifuge, Superspeed RC2-B), and the

aqueous phase \^ras separated from Ëhe chloroform layer by using a

separatory f1ask.

(ii:.¡ The aqueous layer was rhen dialysed overníghÈ Ln 30% (w/w) poly-

ethylene glycol 20,000 (Fisher Scientífíc Co.) at 4oC.

(iv) After dialysis, Ëhe sac content T¡ras rinsed out wíth ceskars

incubation buffer.

Extracts were either assayed for enteroÈoxin immediately or frozen for

assay at a later tÍme. Details of the modifications are presented in

Appendix 5.

2. Detection of Stâphylococcal Enterotoxin A by the Solid-phase
Radioimmunoassay

A. Iodination of Antigen. Staphylococcal enterotoxin A was labeled rvith
t"t, by the Health Protection Branch ín ottawa, using the Chloramine T

method (Greenwood and Hunter, 1963). The specífic activity of the 125ï-

SEA rvas approximately 40 pCi per Fg of protein.
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B. Determination of AnËíbody Titer. DetermÍnation of antíbody titer

was performed by the Health Protection Branch in winnipeg. optimurn

sensitivi ty (50"Á uptake of 1251-sEA) was obraÍned by using an anri-

enterotoxin dilution of 1:2000 which was thus adopted for the RrA ín

this investigaËíon.

C. Procedures of Radioimmunoassay. Procedures of the RIA method were

províded by the Health Protection Branch in ItTinnípeg as outlíned in

Appendix 4. The following modifj-catíons were made:

(i) Aqueous cheese extract. from the control cheese batches (those

cheese batches rnade wíthouÈ S. aureus inoculation, namely, Lot C2

and Lot C3) was used as the diluenE solution instead of Ceskats

extraction buffer.

(ii) AfËer Ëhe applicatÍon of unlabeled enterotoxín, tubes were incu-

bated at 4oC instead of 35"C. Tubes were shaken during incubation.

(iii¡ Unlabeled enterotoxin dilutions \¡/ere allowed to equilibrate with

anti-enÈerotoxin (several hours to overnighË) prior to the admin-

(iv)

isËration of labeled enterotoxin.

After the adminisÈration of labeled enterotoxin, tubes were fur-

ther incubated for several hours before counting.

Due to the limited amount of cheese sampled, the original concen-

tration of the cheese extract, ín most cases, rather than a serial

dilution, was used for the cheese sample assay.

(v)

Radioinnnunoassay was performed using a single channel Beckman Biogamma

analyser. This system has a counting efficiency of 65% and a background

counÈ rate of approximately 50 cpm,
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D. Recovery Tests. Cheese samples obtained from the control batches

(C2 and C3) were spiked with a specified dose of enrerotoxin. Two ng

per g of cheese were used in this Ínvestigation. Extraction procedures

and RIA were performed on the spiked samples concurrent r¿ith the cheese

samples tested for enËerotoxin producËion. The ratio of the calculated

dose to Ëhe spíked dose was used to determine the recoveïy of entero-

toxin. The percentage of recovery was calculated as follows:

percentage of recovery calculated dose from RIA x 100
spiked dose in cheese homogenat.e

E. Interpretation of Results. The logit transformation (Rodbard et al.,

1968), the simplest method Ëo linearíze conventionally obËained sigmoid

dose-response curves of compeËiËive binding assays, \^ras applied for SEA-

RIA. Calculation of the following results recorded in the RIA \,üas per-

formed as outlíned:

(i) The average bound radíoactivity expressed in cpm for each unlabeled

enterotoxin dilution vras calculated.

The average total radíoactivity (in cpm) was also calculaLed for

each unlabeled enterotoxin dilution.

(ii)

(iií) percentage of bindÍng for each unlabeled enÈerotoxin dilutíon

vras calculated as follows:

The

(B)

_ average bound count x 100average EoËal count

(iv) The percentage of bindinC (8") for the negaËive control (tubes
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v¡ithout unlabeled enterot.oxin), representing the maxímum binding

capacity of the labeled enËerotoxin to the anti-enterotoxi-n

molecules in a particular RIA, was determined as follows:

D _ averap,e bound count of control - ^^- ¿vvaverage Ëota1 count of control --

(v) A standard curve was linearízed. by plottÍng logit y (where y =
R

; x 100) versus the logarithmic amount of unlabeled enterotoxínDo

(i.e. log x). The regression equation of the standard curve \ras

set up as follows:

logity = I+S(logr'x)

where I = intercept of regression line
S - slope of regression line

(ví) The logit y value for each dÍlution of an unknown sample (logit y")

was also calculated in the same way as the unlabeled enterotoxin

dilutions of the sËandard curve.

(vii) The estimaËed dose of an unknov¡n sample, expressed in ng/ml, vras

calculated as follows:

dose = antilog, logit.)'s - r,
ô
L)

SËatistical analysis was performed on the values of the standard curve.

Tlne 957" confidence lirnits on the slope of the standard curve were also

determined. Values of the curve r¡ere further analyzed by analysÍs of
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varíance. The'Ft test (Snedecor and Cochran, 1972) was used to examine

the significance of the predíction of an unknovrn dose basing Èo the

inËercept and slope of the standard curve and Ëhe calculated logit y

value of the unknov,¡n sample.

Sensitivity of the RIA was determined as the highest dilution

of the unlabelled enteroËoxin in the standard curve that gives less than

90% bound counË of the negative control.

RESULTS

1. Extraction of Enterotoxin from Cheese Samples

Employing aqueous cheese extracË (obtained from the control

cheese batches), in place of Ceskats buffer, to obtain the standard

curve values, difficulties r¡rere encountered in the RTA due to rion-specific

interference caused by some protein components ín the cheese extracts.

To determÍne the percentage of non-specific binding caused by the cheese

components, standard curves, employing Ceskars b.uffer and aqueous cheese

extracË, \¡/ere determined simultaneously using the solid-phase RIA. The

percentage of non-specifíc binding (NSB Z) caused by the protein com-

ponent.s Ín the cheese extract, therefore, \,üas calculated as follows:

NSBZ = (1 -R) x f00

where R
of RIA wÍth cheese

Bo of RIA with buffer

providing both B" values were obtained in

Èhe original extraction method, current.ly

the same assay. Eurploying

used by Ëhe Health Protection
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Branch, the two standard curves obËained were found to cross each other

as demonstrated in Figure 9. The percentage of rRr v¡as found to be 66%,

which is not satisfactory. The rRr value of. 66% índicated rhat 34% re-

ducËion in the uptake of 1251-sEA was attributed to Ëhe non-specífic

binding of the protein components in the cheese (Table 18). In addition,

difficulties l¡ere encounËered ín recovering small amounts of enterotoxin

present in the cheese samples. This could be atÈributed to the dilution

of cheese sample to 2.5 times the oríginal volume during the extraction

procedures.

ResulËs obtained so far suggested that parËial purification

and concentraËÍon of the cheese extracts are necessary. The extraction

procedures vrere, therefore, modified. Most of the interfering con-

taminants in the cheese Trere removed by using chloroform extracËion,

centrifugation, and conc.entration by dialysís. These modifications

resulted in obtaining two parallel standard curves as demonstrated in

Figure 10, indicatíng the presence of a protein (enterotoxin) with im-

munologÍcal Ídentity. An fRr value of 92% obtained, however, índicated

that B% reduction ín the upËake of 1251-sEA was due to the non-specific

binding of Ëhe cheese extracË (Table 19). Further modifications were,

therefore, initiaËed. variations, as cited ín the methodology, \Árere

made Ín the RIA procedures in an attempt to obtain a higher tRt value.

wíËh this new approach, the two standard curves obtained were c1ose,

and they v/ere parallel. Figure 11 and Table 20 demonstrate the results

of one of the experímental Èrials. tRt values of 95.7-96.37" were

achieved Ín these experimental trials, indicating that only 3.7-4.37"

reductions in the uptake of 125t-sEA were attributed to the non-specific

bindíng. The slight reductions \^rere considered to be satisfacÈory,
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Table 18. Inhibition of

(with the

125r-ruo uptake by

original extraction

Unlabelled Enterot.oxin

and RIA method)

Unlabelled
EnËerotoxin

(nelm1)

Total
count
(cpn)

Bound
count
(cpnt)

B(%) .r- Br- E" xL]0"/" Logít Y

STANDARD CURVE

control*
0.63

L.25

2.50

5. 00

10. 0

20. 0

40. 0

(CESKAIS BiIFFER)

L;zLLll r66s

L248

r15r
1038

74s

486

283

17B

(CHEESE EXTRACT)

]IL6207" 1102

940

827

794

649

519

3s7

2TT

LogirY=1.4581-

r0. 3

7.7

7.r
6.4

4.6

3.0

1.8

1.1

7 4.8

68.9

62.L

44.7

29.r
17.0

l.O.7

6.8

s.B Bs.3

s.l 75.0

4 .9 72.L

4.0 5B.B

3.2 47.r

2 .2 32.4

r.3 19.r
1.7033(1oe X)

1.0880

o .7 955

0.4938

-0.2L28

-0. B90s

-r.5892
_2.LZLB

1. 7583

1. 098 6

0.9494

0.3557

-0. 1161

-0. 735s

-L.443s

STANDARD CIIRVE

control*
0. 63

L.25

2.50

5. 00

10. 0

20.0

40. 0

* control :

Background

ll z pooled

tubes containing no unlabelled enterotoxin
count = 56 cpm (counËs per minute)

total count
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TABLE 19. Inhibition of
(t^Iirh rhe

125r-rfO Uptake by Unlabelled Enterotoxin
Modif ied Extractíon Method)

Unlabelled
EnteroËoxín

(nglml)

Total
Count
( cpro)

Bound
count
(cpm)

B(7")
B

Bo
xLj07. Logit Y

STANDARD CURVE

control*
0.63

I.25
2.50

5.0

10. 0

20.0

40. 0

(CESKA'S

zos42ll

Logit Y

BUFFER)

133r

1093

r063

846

606

378

258

L74
= L.3465

6.3

5.2

5.1

4.0

2.8

2.r
L.2

0.8
- 2.07ss(rog x)

82.5

81. 0

63. s

44 .4

JJ. J

19.1

12.7

1. 5506

1. 4500

0. 5537

-0.2249

-0.6947

-L.4435

-L.9278

STANDARD CURVE

conËro1*

0.63

1.25

2.50

5.0

10. 0

20.0

40.0

(CHEESE)

20s47ll

Logit Y =

L226

1091

L066

931

779

s64

4L5

270

L.9406 -

5.8

5.2

5.1

4.4

3.7

2.7

2.0

1.3

1.9906(1og X)

89.7

87 .9

7s.9

73.8

46. s

34. s

22.4

2.1643

1.9830

L.r472
0. s667

-0.L402

-0. 64rt

-L.2425

x" control : tubes containing no unlabelled enteroËoxin
Background counÈ = 63 cpm (counts per mÍnute)
Date of RIA = November 4, 1976.

ll : pooled total counÈ
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TABLE 20. Inhíbition of

(With rhe

125r-ruo uprake by

Modified Extraction

Unlabelled Enterotoxin

and RfA Methods)

Unlabelled
Enterotoxin

(nglml)

Total
count
(cprn)

Bound
count
(cpm)

B("/") Y= 
f,.x100%

Logit Y

STANDARÐ CUR\IE

control*
0. 63

L.25

2.50

5. 00

r0.0
20.0

40. 0

(POOLED

T5LßII

Logit Y

CESKA'S BUFFER)

T22B

1016

979

850

778

51r

307

205

= L.4527

8.1

6.7

6.5

5.6

5.1

3.4

2.0

r.4
- r.8545(1oe X)

82.7

79.7

69.2

63.4

4L.7

24.9

L6.7

L.5645

r.3677

0. 8095

0 . s494

-0.3351

-1.1040

-L..6070

STANDARD

control*
0. 63

L.25

2.50

5. 00

r0.0
20. 0

40.0

CURVE (POOLED

lsr9s /l

Logit Y

CHEESE EXTRACT)

1185 7 .B

L0L2 6.7

963 6.3

B6s 5.7

69t 4.6
s42 3.6

346 2.3

222 L.7

= L.6349 - L.8746(log X)

Bs .4

81. 3

7 2.9

58.3

4s. B

)o)

18. B

L.7 663

L.4696

1.2118

0.3351

-0. 1684

-0. BB57

-1.4631

* control : tubes containing no unlabelled enterotoxin
Background count = 67 cpm (counts per minute)

Date of RfA = November 16, L976.

ll z pooled Ëotal count
Note : anti-enterotoxin dilution used was 1:600
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since they might be due to random error. These modifÍcations were,

therefore, adopted for the assay of enterotoxíns produced in the cheese

samples.

2. Radíoirmnunoassays

The RIA procedure employed in this invesËigation vras found to

be sensitive to 0.31-1.0 ttg of enterotoxin. Non-specific binding of the
125r-sna to the solid-phase (tubes without anti-enterotoxin and unlabeled

enterotoxin) was either negative or insígnifícant. Radioinìmunoassays on

cheese samples revealed that anti-enterotoxin exhibited a maxímum bínding

of 8.7-10.2% of. the total 125r-sEa. Data on the recovery of enteroEoxin

are presented in Appendix 30. Quantitative recovery of enterotoxin from

the spiked cheese samples was estimated to be 94-95%.

3. DeËection of Enterotoxin ProducËíon by Ë. eu¡eus in Cheddar Cheese

A. Enterotoxin Production ín Cheddar Cheese Made v¡ith Normal Starter

Enterotoxin was produced in cheddar cheese with normal acid

development. Results of enterotoxin production by S. áureus in cheddar

cheese made wÍth normal starter are presented in AppendÍces 30-32, and

summarized in Table 2L.

No enterotoxin A was detected in Lot, J23 and Lot ì46, as well

as Ín Lot J19 and Lot F6, which were made ¡¿ith an initial S. aureus

inoculum of 60 and 5 x 103 ceI1s per m1 of milk, respecËively. Enter-

otoxin was detected in Lot F4 after 5.5 hours with 2.9 x 107 S. aureus

per g of cheese slurries. IË r^¡as noË detecËed at 24 hours in LoË J30,

which r,¡as made under Ídentical condiÈions wÍËh an equivalent leve1 of



180

TABLE 2I. Enterotoxin Production

Cheese Manufacture r¿ith
(c.f. Appendix 30-32).

by S. aureus During Cheddar

Normal Starter

DETECTABLE ENTEROTOXIN

Level of aureus* * Tdentification of CheeseS.

TII'ÍE OF SAMPLING
0olmr

J23 M6
s x to3/rnt
J19 F6

to6lmt
J3O E4

CUTTING (1:30 hr)
DRAINING (3:20 hr)
MILLING (5:30 hr)
DRESSING (7:00 hr)
OUT OF PRESS (24hr)

60 DAYS

1 Year CURING

(-) (-) (-) (*)

(-)
(-)
(-)
(-)
(-)

(-)
(-)
(+)

(+)

(+)

(+)

(+)

(+)

(-)

&

Ent

Ent

Not

S.

erotoxin detected

erotoxin not detected

tested for enterotoxin

aureus inoculum in heat treated milk
was Isolate No. 13
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inoculum. The resulting populaËion in Lot J30, however, díd not exceed

1.8 x 107 cells per g of cheese.

Enterotoxin Production in cheddar cheese Made with partial slow
Slarter

B.

Appendices

ted in Lot

5x1o3s.

Results of enterotoxin procluction by S. aureus, presented in

30-32, are summarízed in Table 22. No enterotoxin was deLec-

M13 and Lot M20, whích were made with an iniEial inoculum of

aureus per m1 of urilk. ülith an initíal inoculum of 106 ce1ls

per mI of rnilk, enterotoxin v¡as detect.ed in Lot A4 and Lot 413 after 5

hours T,iith 1.51 x 107 and L.20 x 107 cells per g of cheese, ïespectively.

C. Enterotoxin Production in Cheddar Cheese Made wíËh Slow Starter

Result.s of enteroËoxin production by S. aureus i¡ ttslowt' cheese,

presented in Appendíces 30-32, are sunmarized in Table 23. with an

inítial inoculum of 60 cells per m1 of milk, S. aureus count increased
5 ,, Lto 7 .85 x 10" cel1s per g j-n Lot J26 and 4.0 x 10* cells per g in Lot

F11. No enterotoxin was detected in either cheese batch. Enterotoxin

was detected in Lot J21 after 8.5 hours with 4.9 x 106 s. aureus per g

of cheese, and in Lot M4 after 10 hours with 3.4 x 106 s. aureus per g.

tr{íth an initial inoculum of 106 cells per ml of milk, enterotoxin was

detected in Lot J2B and Lot MB afËer 4.5 hours.

Enterotoxin persisted in all toxic cheese batches for over one

year aË 4"C. Non-toxic cheese batches remained negaËive for enterotoxin

after curÍng for 60 days at 15"C and 4"C.
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TA3IE 22. Enterotoxin Production by S. aureus during Cheddar

Cheese Manufacture r¿iËh Partial Slow Starter
(c.f. Appendix 30-32).

DETECTABLE ENTEROTOXIN

Level of S. aureus** Identification of Cheese

TTME OF SAMPLING
5 x to3/nt

t"113 rr20
to6/rnt

A4 A13

CUTTING (3:30

DRAINING (4:50

MILLING (7:00

DRESSING (8:30

OUT OF PRESSC24

60 DAYS

1 YEAR CURING

hr)
hr)
hr)
hr)
hr) G)

c-)

(-)
(-)

(-)
(+)

(+)

(+)

(+)

c+)

(-)
(+)

(+)

(+)

(+)

(+)

(+)

c-)

Ent

Ent

Not

S.

erotoxin detected

eroÈoxin not detected

tested for enterotoxin

aureus inoculum in heat treated milk
was Isolate No. 13.
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TABLE 23. Enterotexin production by S,
Cheese .llanuf ac ture !üittl Slo\"/
(c.f. Appendix 30-32).

aureus during Cheddar
Starter

DETECTASLE ENTEROTOXIN

Level of S. aureus** Identification of Cheese

TI}M OF SAMPLING

60/url

J26 Fll
to3/mt

NT4

to6 /nt
J2B MB

5X
J2T

CUTTING C4:30 hr)
DRAINING (6:20 hr)
MILLING (B:30 hr)
DRESSING(10:00 hr)
OUT 0F PRISS (24hr)

60 DAYS

1 YEAR CURING

(-) (-)

c-)
(+)

(+)

(+)

(+)

(+)

c-l
(-)
(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

(+)

Gl-) ¡ Enterotoxin deËected
(-) : Enterotoxin not detected

: Not tested for enterotoxin
a : !. aureus ínoculum in heat

was IsolaËe No. 13.

treated milk
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DISCUSSION

1. Extraction and Detection of Enterotoxin

Enterotoxin assay from foods by the microslide irmnunodiffusion

Ëechnique ís slow and laborious, requiring 3-4 days for completion. Thís

ís because the insensitivity of the method necessitates extensíve concen-

tration and purification. Tatini et a1. (1971b) have claimed to achieve

a sensitivity of 0.25 ug per 100 g of cheese. This sensitivity has noË

been achieved in this invesËigation. Bergdoll et al. (L976) reported

that the minimal practical limiË of this method ís approximately 0.1 ug

per g of food, and many workers have difficulty in achievíng thi-s sen-

sitivÍ-ty. using the RrA method, it ís possible to measure the toxin

concentration in a food sample in one day, mainly because of the con-

siderably reduced requiremenËs for concenËration and purification, In

this investigation, an addiËional day was required for the concentratíon

step in the exËraction procedure when dealing wiËh cheddar cheese samples

in order to deÈect minute amount (i.e. less than 2 ng) of enÈerotoxín

Ëhat might be presenË.

Currently, all the RIA vrere run with buffer as the medium for

the determination of the standard curve. Food extracËs Trere assayed and

compared to the standard curve for positive resulËs. However, most food

systems somehow deviate from the sLandard buffer system. Therefore, it

would be only proper to compare a given food extract to a similar system.

Experimenting with aqueous cheese extract from control batches, in place

of ceskars buffer, as Lhe medium for the standard curve, dífficulty in

obtaining a regression line identical to thaÈ of the buffer Ì{as encoun-

tered. This difficulty r4ras imposed by the non-specífíc binding of the
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cheese comPonent" to 125r-SEA or anti-enterotoxin molecules. owing to

this inherent dífficulty, Ëhe former extraction and RrA procedures

(which were good for the bacterial dialysates and milk samples) were

slightly modífied.

Assaying sEA frorn extracts of cheese and boiled. ham, no

apparenË interference by food material was reported by Dickie et a1.

(7973). In conÈrast, food components causing non-specífic reactions in

the assay procedure have been noËed by several workers. rË has been

indicated that these food components are protein in nature (Johnson et

al., 7973: Bergdoll er al. , rgi6; GenigeogÍs and Kuo, 1976). Non-

specific binding caused by proËeín fractions in cheese may be due to the

presence of a sËructural homologue which offers steric hindrance to the

enterotoxin molecules, and may even preferenËially bind Ëo the anti-

enterotoxin molecules. For future studíes, gel isoelectric focusing and

other electrophoretic techniques should be enployed as analytical tools

in elucidating some of the non-specific fractions found in the cheese

exËracts.

Bergdoll et a1. (L976) reported that purification is necessary

wÍth certain food exËracÈs in order to remove interfering compounds.

Pober and Silverman (1977) found that Ít \¡ras necessary to extract cheese

and chicken salad samples with purification procedures to make them more

comparable to the buffer standards. rn this investigation, partial

purification, employing precipit.ation procedures and chloroform extrac-

tion, was found necessary to remove mosË of the Ínterfering cheese

components. concentration by dialysis with polyethylene glycol 20,000

was also applíed to extract enterotoxin from the cheese homogenates.

However, this concentration step could be eliminated íf the amount of
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toxin in the sample is high. To detect levels of toxin below 2 ng, a

twofold concentratíon of the sample ¡vouId be sufficient. Using the

modified extraction method, the non-specific binding of the cheese

components was reduced to úout 47", indicating an insignificant inhi-

bítion o¡ I25I-SEA uptake by the cheese extracts. Recently, Pober and

Silverman (L977) minimízed Êhe food component interference in milk

samples by conditioníng the anti-enterotoxin coated assay tubes over-

night at 4"C wiLh two ml of an aqueous food extract. However, theír

cheese slurry still contaíned some of Èhe interferíng food components.

This procedure is very similar to the one used in this investigation,

in whÍch aqueous cheese exËract was employed as the buffering medium

which naturallv conditioned the tubes during the assay. These authors

also modified the current extraction method (for RIA usage) by applying

chlorof orm extraction.

The solíd-phase RIA technique employed in Ëhis investigaËion

is sensitive to 0.31-1.00 ng of enterotoxin. I^Iorking with cheese ex-

tract, the maximum capaciËy of Èhe labeled enterotoxin bound to the anti-

enteroËoxin molecules in the assays vras found Èo be 8.7-10.27". This

maximum binding ís rather low. Yet, negative control tubes (tubes con-

taining no unlabeled enterotoxin) were íncluded in every assay, and

therefore the inherent low binding rvould be of litt1e practical importance

because all positive results vrere relatively compared to the results of

the control tubes and those of the standard curve. The purpose of thÍs

investigation was to detect the presence or absence of enterotoxin in

cheese samples (i.e. qualitative assays). However, quantitative recovery

by the modifíed extracËion procedure for separating enteroËoxin from
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spiked cheese samples and the assay by the solid-phase RIA rvas esËimated

to be 94-957" (versus 30-35% by the microslide assay). This high percen-

Lage of recovery indicaËed that SEA could be assayed from cheddar cheese

extracËs quantJ-tatlvely and accurately.

Low binding capacíty, nevertheless, could be attributed to:

(i) the sloughing off of the anti-enterotoxin moleeules from the solid-

phase, and (if) the deËerioratíon of Èhe labeled enterotoxin. Recently,

Robern eË a1. (1978) purified the radioiodinated enterotoxi-r, (125f-SnA)

peptides on Sephadex G-100. Two protein fractions were obtained. The

aggregate fractions Trere removed and the monomeric fractions were used

in the RTA. Removal of the aggregate fractions resulted in an increase

in the inirial binding of 1251-SEA Ëo anti-seïa by abouË 30|Z and extended

the stability of the enterotoxins. The formaËíon of aggregate fractions

after radioiodination of staphylococcal enterotoxin has been reported by

several rnrorkers (Kauffman and Johnson, L975: Niskanen and Líndroth, 1976).

These radioiodinated aggregate fractions reduce binding capacity in the

RIA ËesË because: (i) they are bound by antí-sera in preference to the

radioiodinated monomeric fracËíons; and (ii) they are not displaced as

readily by non-radioactive staphylococcal enterotoxins as the monomeric

fractions. Kauffman and Johnson (1975) showed that release of 125I 
"rrd

aggregate fractions depends on specific activity of the labeled entero-

Èoxin preparations and also on the storage time and temperaËure. They

also found thaÈ the antígenícity of the labeled enterotoxin decreased

during cold storage and has been estÍmaËed to correlate with specifíc

activity of the preparations. In varíance, Hiskanen and Lindroth (I976)

have demonstrated that the iodination damage does not depend on the

specific activity of the 1abe1, but rather it depends on the puríty (997.)
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of the label.

Lately, a double antibody RIA meËhod was devised by Robern eË

aL. (L975; L978). In Lhis method, a second antÍbody (anti-rabbit garnma

globulin from goats) was employed to precipitate the primary antigen-

anËibody complex of the enterotoxin. Antí-enterotoxin molecules adsorbed

to the solid-phase carrier could conceivably be displaced by other pro-

teins in food. In the double ant.Íbody sysÈem, however, the prímary

antigen-antibody complex was in soluËion rather than adsorbed to a solid-

phase, thus eliminating Ëhe displacement of the anËÍ-enterotoxin from the

solid-phase. The major problem with the double-anËibody RIA meËhod lies

in the varíabilíty of the anËi-rabbiË gamma globuIín (IgG) from prepara-

tion to preparation, thus gÍving inconsistent resulËs. RecenËly, Berg-

doll et al. (personal cornrnunication, 1978) have been working with protein

A, in place of the second anËÍbody, to precipitate Ëhe primary antigen-

antíbody coruplex. The protein A molecules, attached to the cell wall of

S. aureus, bind specifically and strongly to IgG. Therefore, these

methods, which are still Ín the experimental stage, mây prove to be an

advance step in the RIA technology. One lirniËaËíon of the RIA technology

aË the present. tine is the requÍrement for purifíed enteroËoxins (at

least 90% pure) essential in the RIA rnethod. Enterotoxins A, B, and C

pose no particular problem; however, enterotoxin E is difficult to

purify and D is even more so.

2- Enterotoxin Production ín Cheddar Cheese

In reference to enterotoxín production, data obËained in this

investigation revealed that enterotoxin could be produced in cheddar

cheeses made with normal starter as well as in Ëhose cheeses made with
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subnormal starter. However, an extremely high initial inoculum of S.

aureus musË be present to result ín enterotoxin productÍon in the normal

starter cheeses. Extensive growËh of the inoculum is also necessary.

An inítial inoculum of 106 cells of S. aureus per ml of milk was required

to reach a population of 2.9 x 107 cells per g of cheese, in Lot F4, to

be associated with enterotoxin ín normal starter cheese; whereas an

inítial inoculum of only 3 x 105 cells per ml resulted in enterotoxin

production in slow starLer cheese. l^Iith partial starter failure, deËec-

table enterotoxin ¡¿as associated v¡ith an initial inoculum of 106 S. aureus

per ml of milk and a minimal resulting population of 1.2 x L07 å. aureus

per g of cheese slurries. Enterotoxin \,zas not detected, however, in

"normal" cheese batch J30, which was made under identical conditions with

an equivalent level of initial Ínoculum, even with a resulting populatíon
7

of 1.8 x 10' cells per g of cheese. Therefore, actively growing starter

in some way inhibiËed enterotoxin producËion by S. aureus. Other workers

(Donnelly et al., 1968; Tatini et al.,1971a) have also reported a simílar

influence on enteroËoxin by the microflora of raw rnilk, as well as by

starter cultures in cheese (Tatiní et al., 1971b). rt is of interest to

note that enterotoxin production rvas assocíated with 2.8 x tO6 S. aureus

per mI in 1ow counË heaË treated milk (as presented in Chapter V) and

É,

3.4 x 10" S. aureus per ml in slow starter cheese (as presented in Chapter

VI) . In contrast, no enteroËoxin was deËected when this population of

3 níllion was attaíned in raw milk wiËh Éhe presence of actively growing

competing micro-organisms, as well as in cheese made with normal sËarÈer

cultures. It is possible that the enterotoxin produced may have been

destroyed somehow, or more likely, the condiËions for enteroËoxin pro-

duction by S. aureus may have been altered by the growth of other
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competing micro-organisms .

I¡lith an initial inoculum of 106 cells per ml of milk, entero-

toxin was detected in normal starter cheese Lot F4 af.tet 5.5 hours with
7

2.9 x 1,0' S. aureus per g of cheese slurries. Enterotoxin r^7as not detec-

ted afËer 24 hours in Lot J30, which was made under ídentíca1 conditíons

wíth an equivalenL level of ínoculum. The resulting populaËion, however,

did noÈ exceed 1.8 x tO7 s. aureus per g. Hence, a cerLain population

has t.o be attained before enterotoxin would be produced in normal sËarter

cheese. With an initía1 inoculum of.2.8 x 105 and 3.5 x 105 S. aureus
7

per ml, Tatini et al. (1971b) obËained resultíng populations of 2.8 x 10'

7
and 1.7 x 10' cells per g, respectively. EnËerotoxin \,üas detected in the

former cheese batch which was made with a single-strain st,arter, but. not

in the latter batch which was made with a mixed-type multiple-strain

starter. These lvorkers thus suggested Ëhat the type and populatíon of

starter may account for Ëhe dífference ín enterotoxín production. In

this investígation, cheese baËches Lot F4 and Lot J30 were made wiËh the

same type of starter r^¡it.h a similar starter population. Therefore, it is

questionable whether the type of starËer is the prime factor for causíng

enterotoxin production in one cheese buË noË in the other. IË is more

likely that the criti.cal S. aureus population needed for enterotoxin

production depends on factors such as milk quality and inherent micro-

flora, which in turn determine the conditions for staphylococcal growth.

Enterotoxin ¡¿as produced at a much lower staphylococcal popu-

lation in cheese made with starter fail-ure than in normal starter cheese.

As few as 3.4 x 106 S. aureus per g of cheese (in Lot M4) resulted in

enterotoxin in slow starter cheese as conpared to over 29 million (in

Lot F4) in normal starter cheese. The difference is less promínent with
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partíal- slovr starter cheese where a staphylococcal population of 1.2 x LO7

ce1ls per g of cheese was required for the presence of enterotoxin. With

an initial inoculum of 106 cells per ml of milk, enterotoxin was detected

in cheese Lot J28 and Lot MB after 4.5 hours (both were made with slow

starter) with 4.2 x LO6 and 3.95 x tO7 S. aureus per g of cheese, respec-

tively. I^Iith an initial S. aureus inoculun of 106 cells per ml of milk,

enterotoxin was detect.ed in cheese batches A4 and 413 after 5 hours (both

were made with partj-al slow starter) rriLh 1.51 x 107 and L.2 x tO7 S.

aureus per g of cheese slurries, respectively. Results obtained thus

indicated that the time and growth of S. aureus required for enterotoxin

production were dependent upon the degree and completeness of the starter

faílure. I^lith an initÍal inoculum of 5 x 103 cells of S. aureus per ml

of mílk, enterotoxin was detected in cheddar cheese Lots J21 and M4.

Both these batches were made with a slow starLer. However, enterotoxin

was detected in cheese Lot J21 after 8.5 hours of cheesemaking, and not

in Lot M4, in which S. aureus díd noÈ reach as high a population as in

Lot J21, 4.9 mí11ion versus 1.28 million. Enterotoxín was not deËected

in Lot M4 until after 10 hours when a S. aureus population of 3.4 x 106

ce1Is per g of cheese was attaíned. Therefore, it appeared that again a

certain staphylococcal population size has to be attained before entero-

toxin could be produced in cheeses made with starter failure.

ResulÈs showed persistence of enËeroLoxin in a1l toxic cheese

batches for over a year. In this study, the minimal populaËion required

to result in detectable enterotoxin was 29 million, 12 nillion, and 3.4

rnillion for normal, partial slow, and slow starter cheeses, respectively.

Tatini et al. (f971b) reported a population of 28 million and 3-5 rnil-

lion (S. aureus 1968 and T265) for the enËerotoxin production Ín cheddar
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cheese made hTith normal and slow starter (starter faÍlure índuced by

bacteriophage), respectively. The difference in growËh reported in this

sLudy could be attributed to Ëhe hígher reproducibility of the BP medíum

used Ín this investigation (versus the 5110 medíum used by Tatini et a1.),

and possibly Ëo the dífference in the strains of starter cultures and S.

aureus employed. Besides, Tatíni eË al. reported a quantiLatíve recovery

of. 507. for separaËíng enterotoxin A from their cheese samples and Èhe

assây by the microslíde technique. Therefore, different results would

probably be obtained Íf the RIA Ëechnique was employed in place of the

microslide technique for the detection of enteroËoxin, since the RIA is

much more sensitive.

The oxidation-reducËion potenËíal \,ras not measured in this

investigation. Yet, it has been reported (Chesbro and Aubourn, L967;

Kato eË a1., L966; Thatcher et al. , L962) as a factor that has a direcË

influence on enteroÈoxin product.ion. As has been cited ín the literature

review, enterotoxin production is substantially reduced under anaerobíc

conditions (Mclean et al., 1968; Barber and Deibel, L972; Jarvis and

Lawrence, 1973). In future st.udies, if possible, the oxidaËion-reducËion

poËenËial in the cheese samples should be measured. This ís because the

oxidaËion-reduction potential may account for Ëhe consistent presence of

enterotoxin in cheeses of the slovr starter and not in normal starÈer

cheeses despite the attainment of similar populatíons. Since actively

growing starter and other micro-organisms in cheese can alter the oxída-

tion-reduction potential towards reducíng conditions, and the magnitude

of this change r¿ould be greater in cheese of normal starter than in slow

sLarËer cheese.

Data in this invesËígaËion apply Ëo heaË treated nrilk (at 61oC
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for 18 seconds) used for cheddar cheese manufacture. Whether similar

responses r,¡ould be observed ín the case of cheese milk of other heat

treaËmenË temperaËures needs to be verifÍed. In future studies,

additíonal S. aureus sÈrains should be tested relative to Ëhe varia-

bility of minimal population associated wíth enterotoxÍn.

From Ëhe results obtained in this phase of the investÍgation,

Ëhe following informatíon on the possible occurrence of SEA in cheddar

cheese can be summarized:

1. The minimal iniËial S. aureus population ín the cheese milk

associated with detectable enterotoxin in the finíshed product was:

A(A) 10" cetls per ml for cheese made r¿ith normal starter.
A

(B) 10" cells per ml for cheese made with parËial starter failure.

a
(C) 5 x 10- ce1ls per ml for cheese made wiËh complete (slow)

starter failure.

2. The minimal resulting S. aureus population ín the cheese curd

associaLed with detecËable enterotoxin was:

(A) 2.9 x 107 cells per ml for cheese made with normal starËer.

(B) L.2 x 107 cells per ml for cheese made wíËh partial starter

failure.

A(C) 3.4 x 10" cel1s per m1 for cheese made rviËh complete starter

failure.

3. The minímal time required to result ín detectable enteroËoxín was:

(A) 5.5 hours for cheese made wiËh normal starter.
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(B)

(c)

4.8 hours

4.5 hours

cheese made with

cheese made with

starter failure.

starter failure.

for

for

partial

complete
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GENERAL DISCUSSION A}ìD CO}ICLUSIONS

A ten-month survey conducted on heat treated raw milk samples

(obtained from the University of Manitoba Connnercial Dairy) revealed a

percent.age of S. aureus survivals of. 0-37.5%. Statistical analysis on

survey data further suggested the possible danger of food-poisoning may

result from even a fairly small indigenous staphylococcal population if

the subsequent percentage of survivals is high. The survey also demon-

straËed the occurrence of enËerotoxígenic straÍns of S. aureus in heat

treated rni1k. Results obtained in this investigation suggesÈ that s.

aureus could cause a poÈential health problem in the milk and cheese

industry. Since it Ís practíca11y impossible to elíminate S. aureus

from milk and cheese, crítería to ensure the safeËy of cheddar cheese

should therefore be established.

Enterotoxin was detected ín both raw and heat treated mílk in

this study. The minimal population of S. aureus associated wÍth detec-

table enteïotoxin in raw and heat treaËed milk r¿as 1.3 x 107 cel1s and

2.8 x 106 cells per ml, respectively. Enterotoxín production was also

demonstrated by S. aureus indigenous Lo raT¡r milk. Those that survive

the subpasteurízation heat treatment of 61"C for 18 seconds attain a

population of B .25 x 107 cel1s per ml. Hence, ease of enterotoxin pro-

ducËion in heat treaËed milks emphasizes the danger resultíng from

subsequenË exposure to groÌ,rËh temperatures adequate f or S. aureus such

as those employed in the cheese manufacturing process.

Enterotoxin production was demonstrated in cheeses rnade with

normal, partial slow, and slow starter. The mÍnimal population required

for enterotoxin producËion \¡/as 2.9 x LO7, I.2 x i]07, and 3.4 x 106 ce11s



196

per ml for normal, partial slow, and slovr starter cheeses, respectively.

Factors controlling growth and enterotoxin produetion are the

nutritional completeness of the medium (i.e. chemical factors and milk

quality), pH, temperature, moisture, inoculum size and type, and Ëhe

effect of competing micro-organisms (i.e. starter cultures and milk

microflora). The potential for staphylococcal enterotoxín produc:

Ëion under various environmental factors must be considered in order Eo

esËablish the necessary standards for cheddar cheese. Such standards

must be realistíc and yet maíntain high criteria of safety. Ultimately,

ÍË is the sum of these factors which musÈ concern the food hygienist and

which determine the acceptance or rejection of a particular cheese loË.

From the results obtained in this investigaLion, Ëhe following guide-

lines should be established to help ín reducíng the incidence of SEA

food-poísoning in cheddar cheese:

1. The indÍgenous S. aureus population in raw milk before subpasteuri-

zation heat treatment should be less than 106 cells per ml of milk

(which is much less than the staphylococcal population associated
'7

with enÈerotoxin, namely, 1.3 x 10' cells per ml).

The initial S. aureus population in heaË treated milk used for
?

cheesemaking should be less than 10" cells per ml.

,

3.

4.

The maximal resulting S.

be less than 1 x 106 per

staphylococcal population
6,

10" ce1ls per g).

qllEeuq populatíon

g of curd (which

associated with

ín the cheese curd should

is much less than the

enterotoxin, namely 3.4 x

The starter population should be that of a 2% sLarter.
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5. The ËiËratable acidity at various stages of the manufacturing pro-

cess should be normal.

6. The titratable acidity of whey aË milling should be normal (i.e.

greater than 0 .57") .

7 . The time required to raise the original acÍdiËy of milk by 0.027.

should not be more than one hour.

B. The pH value of the cheese batch out-of-press should be less than

5.4.

9. The moisËure content of the finished producË should be less rlnan 4O%.

10. The percentage of fat on dry basis of the finished product should

be more than 50%.

11. The faË content of the finished product should be less than 337".

Ithen these standards are met, the cheese product should probably not con-

tain enterotoxin.

Results of this investigation demonstrated the feasÍbilíty of

the solíd-phase RIA for qualítative and quantitative detection of SEA

production. The major current problem with this method is the availa-

bility of híghly purified (> gOZ pure) enËerotoxins. The biggesË problem

is with the unidentified enterotoxins. As cited in Chapter III, thermo-

nuclease test might be a possible replacement for the detectÍon of

staphylococcal enterotoxins in food. In future studies, efforts should

be continued to determine (i) whether or not thermonuclease production is

unique to S. aureus and (ii) whether or not thermonuclease is always
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present along r^ríth the production of enterotoxin. until this is

achieved' enumeration of viable S. aureus at various stages of processing

and examination of various environmental factors relati-ve to enterotoxin

production should remain as the analytical tool for routine qualíty con-

trol program in dairy processing plants, especially when the facÍlities

for the detection of enteroËoxin are not available.
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SI]MMARY

Tests of various plating media demonstraËed that direct

plating with Baird-Parker medium \nras most suítabIe for the isolation and

enumeration of thermally stressed ce1ls of Staphylococcus aureus from

milk, especÍally when the initial sËaphylococcal count in the raw milk

was low. Employing Baird-Parker medium for enumeratíon, the percenËage

of S. aureus survivals from heat treated milk over a ten-month period

was found to be between O% and 37.57".

A heat resistant enterotoxin-A-producing strain of S. aureus,

Isolate No. 13, was isolated from heat treating raw milk during a ten-

month survey on rar¡r milk samples obtained from the University of Manitoba

Commercial Dairy. Isolate No. 13 was then used as the test organism for

enteroËoxin production st.udies ín rnilk and in cheddar cheese manufacture.

Growth and enterotoxin productíon of S. aureus ín raw and heat treated

mílk were studÍed by inoculating test milks wíth varying concentrations

of S. aureus. Enterotoxin was produced at a much lower S. aureus popu-

lation in heat treated milk than in raw miIk. üIith an inítial inoculum
?T!of 10" - 10' S. aureus per m1 of mílk, enterotoxin was detected in raw

milk after 6-8 hours, and in heat treated milk after 4-6 hours. The

minimal populaËion associated with detectable enterotoxin was 1.30 x 107

AS. aureus per ml in raw milk, and 2.8 x 10" S. aureus per ml in heat

treated rnilk.

Enterotoxin productíon \^ras also demonstrated by enterotoxigenic

Lo ra\,r milk that survive the subpasteurization heatS. aureus indigenous

treatment (61"C for

delayed due Ëo a lag

18 seconds), although the process was very much

period of 4-5 hours prior to the inítiatíon of
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gror,rth and multiplication. Enterotoxin r¡ras detecËed after 12 hours with

a comparatively high S. aureus populaËion of 8 .25 x 107 cells per ml of

milk.

The growth and enterotoxin production of S. aureus in cheddar

cheese was determined by inoculating heat Ëreated milk with three dif-

ferenË levels of S. aureus. The inoculaËed milk was subsequently used to

manufacture cheddar cheese using a normal (27") , or a partial slow (0.5%) ,

or a slow (0.3"/") sËarter. During cheesemaking, cheeses made from slow

and partial slow starter required a prolonged urilk ripenÍng period of

4-4.5 hours and 2.75-3 hours, respectively. All cheese batches made wíth

slow starter had pH values considerably higher than 5.4. All types of

cheeses achieved normal titratable acidity aË various stages in the

cheese manufacËuring process. The moisture and salt content \^rere normal

in all batches of cheese made. The fat content, however, was higher in

cheeses made with a normal starter culture than Ín cheeses made r¿íth a

slorn¡ starter culture at any particular level of S. aureus inoculum used.

This phenomenon, however, \^7as not found in comparing cheese batches made

wíth a normal and a partial slow sËarter.

Cheddar cheese rnade with slor^7 starLer resulted in extensive

growth of S. aureus. With an inítial inocuh:m of 60 cells, 5 x 103

^cells, and 10" cells per ml of míIk, a corresponding population of
1î[!/,

5.55 x 10'(J23) or 3.1 x 10'(M6), 7.9 x 10" (J19) or 9.8 x 10* (F6),
1-l

and I.8 x 10' (.lgO) or 3.8 x 10' (p+) cells per g of cheese r¿as reached

in normal starter cheeses; while a population of 3.75 x 105 (J26) or

4.0 x 104 (Ftl), 6.3 x 106 (J21) or 3.4 x 106 (M4), and 2.0 x 1oB (J28)
o

or 2.21 x 10' (lta¡ cells per g of cheese was reached in slow starter

cheeses. lùith an initial inoculum of 5 x 103 cells and 106 ce1Is per
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ml of milk, a population of 6.3 x 105 (M13)

4.L x LO7 (44) or 6.0 x 107 (413) cetts per

partial slor.r starter cheeses.

q
.6 x 10" (M20), and

cheese was reached in

in all toxic cheese batches for over a

remaíned negative for enËeroËoxin after

or4

goÍ

Enterotoxin was produced aÈ a much lower S. aureus populatíon

ín slow starter cheeses than in normal starter cheeses. An initial

inoculum of 106 cells per ml of mílk was required to reach a population

of 2.9 x LO7 S. aureus per g of cheese, Ëo be associaËed with enteïo-

toxin in normal starter cheese. An initial inoculum of 5 x 103 cells

per ml of rnílk resulted in enterotoxin production in slow starter cheese

with a resulting populatíon of as few as 3.4 x 106 ce11s per g of cheese.

L{ith an initíal ínoculum of 106 cells per ml of milk, enterotoxin was

detected in partial slow starter cheese batches after 5 hours of cheese-

nnaking with 1.51 x 107 and L.2 x tO7 s. aureus per g of cheese. The

minimal population required to result in detectable enterotoxin was 29

million, 12 míllíon, and 3.4 million for normal, partial slow, and slow

starter cheeses, respectively.

Enterotoxín persisted

year. Non-t,oxíc cheese bat.ches

curing for 60 days.

A solid-phase radioimmunoassay (RIA) techníque employing L25T-

labeled enterotoxin and polystyrene test tubes coated with specific

anËi-enterotoxin was used for the detectíon and quantitatíon of staphyl-

ococcal eriterotoxin A (SEA) in samples collected aË various stages of

the cheddar cheese manufaeturing process. The sensitivity of RIA was

greatly reduced by protein components in cheese reacting with antí-

enteroËoxin or 125r-sna. This reactivity was minímízed. by the use of

conditioned tubes and by the removal of non-specific interfering
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compounds in cheese with an extraction procedure.

Extraction of SEA from cheese involved extraction of cheese aÈ

pH 4.6, centrifugation, and extracËion of the supernatant fluid r.vith

chloroform at pH 7.4. The extract was then concentrated by díalysís wíth

polyethylene g1yco1 20,000. The assay vras a sequenËía1 RIA Ëechnique in

which tubes were iniËíally incubated with anti-enterot.oxin and cheese

extract (in incubation buffer containing 17" bovLne serum alburnín), and

then with 125r-sna. The tubes were condítioned with aqueous cheese

extract (acting as the incubaËíon buffer) during the RIA analysÍs.

The entire RIA takes less than 24 hours, and has a sensitivity

of 0.31-1.0 ng of enterotoxin per g of cheese, with a quantitative re-

covery of 94-95%. Non-specifÍc inhibitíons v/ere 3.7-4.32. I^Ihenever Ëhe

concentraËion procedure was applied, an additional 16-18 hours were

required. The solid-phase RfA technique is sensiÊive, rapid, and easy

to perform compared Ëo the microslÍde immunodíffusion method. It is an

aËtractive subsËiËuÈe for the conventÍonal microslide immunodiffusion

method.
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Appendix Table 1

Characteristics of 124 å. aj:tel¡S lsolates From Heat treated Milk

Date of rsolate on TSA Mannitol Gelatín coagulase
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Appendíx Table 1 (continued)
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il

il

il

lr

June 4/75
il

n

tt

tt

il

ll

il

il

il

47
4B
49
50
51
52
53
54
55
56
57
5B

59
60
61
62
63
64
65
66
67
68
69
70
7I
72
73
74
75
76
77
78
79
BO

81
B2
B3
B4
B5
B6
87
BB

89
90
9r
92

0
0
0
0
0
0
I^I

Y

0
0
Y

0
I^l

0
\^]

0
0
0
0
0
0
0
Y

0
i,I

w
0
0
0
0
I^I

w

0
Y

0
0
0
0
0
I,I

0
0
0
Y
i^l

0

0
0
!i
Y
Y
Y
Y
Y
Y

0
Y
Y
I^I

w
Y

0
Y
Y

0
0
Y
Y
}T

Y
Y

I^l

0
0
0
Y
Y
Y
Y
Y
0
Y

Y
0
0
Y
I^r

0
I^I

Y

I^I

I^i

S

+
K
+
K
+
+
+
S

+
S

S

+
K
+
K
K
S

S

+
S
\/

+
S

+
K
S

S

+
S

+
K
S

K
K

K
S

+
S

+
K
w
I\

S

S

K
S



230

Appendix Table 1 (continued)

Date of

Colony Color
onIsolate TSA Mannitol

Isolation Number Sl10 slants Fermentation Hvdrolysis Reaction
GelatÍn

+
ò

K
K
+
K
c

K
a

+
S

S

+
+
w

S

+
K
+
S

+
c

+
S

S

K
f

K
K
K
+
K

Coagulase

June 4/75 93,, 94
tt 

95
June 18/75 96,, 97

"98
JuIy 2175 99

" 100
" ro11' L02

JuTy 2/75 103
" 104fr105
" 106
'r 107

JuLy L6/75 108n 109
'r ll0
" lll,, LIzr' 113
" LL4r' 115
il 116
" r17
il l1B

Aus 13/75 r19
" 120,, T2T
" r2z

Aug 27 175 L23n L24

K
S

K
S

K
S

K
K
S

K
S

S

K
+
+
K
K
+
K
K
S

S

K
K
S

+
K
+
K
K
S

K

Y

I,]

Y
0
0
Y
I^l

0
0
Y
w
t.T

I^1

Y
I,]

I^l

Y
Y
0
I,J

0
0
Y
I{
I^I

Y
0
Y
Y
I^l

0
Y

0
0
Y
0
0
0
0
0
0
I{r

0
0
w
I^l

Y

0
I^j

Y

0
0
0
0
0
0
0
0
0
Y
V]

I^I

0
Y

4+
4+
3+
4+
3+
3+
3+
4+
5+
3+
4+
4+
3+
3+
3+
J-T-

3+
4+
3+
3+
5+
5+
4+
3+
4+
4+
3+
4+
3+
3+
5+
J-1-

Colony Color: I^l = white
Y = yellow
0 = orange to golden

Mannitol fermentation and
gelatin hydrolysis '

S = strong reaction
* = positive reaction
K = weak reaction



Appendix Table 1 (continued)

coagulase reaction:

negative

- no evídence of fibrin formation
sma1l unorganized clots
small organized clots
small organized clots
large organized clots
entire contents of tube
when tube in inverted.
entire contents of tube
when tube is inverted.

5+4+3+2+1+

negative
1+
2+
2+
3+

5+

coagulates but

coagulates and

'\-

*

q'éÈy æffi

can be displaced

is not displaced

231
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on

l. Cold months with temperatures below OoC.

AppendÍx Table 2

Spearmants Rank Correlation Test

Ranking
Sample Number

2 3 4 5 6 7 B 910
Rawmilkcount(X) 7 B 5 9 4 I 2\ 6 2\
Zsurvivals (Y) 9 8 4 L 5 6 I 3 7

Difference, d -2 0 1 7Þz -l -5 I 3 -4 Id = 0

d.2 4 o r 56.25 -1 25 1 9 20.25L¿2=rr7.5

Spearman's Rank Correlation Coefficient, r" = 0.02084 (insignificant).

2. l^larmer months with temperatures above 0"C.

Ranking
Sample Number

1l L2 13 L4 15 16 L7 18 19 20 2r
Rawmilkcounr(x)4 6'7 8 t1 r 10 5 9 Z 3
Zsurvivals (Y)5 L 4 2 9 11 6 f0 3 7 I

Difference,d: -1 5 3 6 2 -10 4 -5 6 -5 -5 Id=0
d2: I 25 9 36 4 I00 16 25 36 25 25 Ld2=302

h.= = -0.3727" (insígnifÍcant)

a - compared to "r" at the 5% 1evel with 7 degrees of freedom.

b - compared to "r" at Llne 5"A level r¿íth 9 degrees of freedom.
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Appendix Table 3_

Spearmants Rank Correlation Test

on

0vera11 Data of the Survey

Sample
Number

Ranking
(x)

Rar¿ Milk Count
(Y)

% Survívals

Difference

d
)

o

J

4

5

6

7

a

9

10

tl

L2

13

I4

15

I6

L7

1B

L9

20

L2

oU

9

5

10

4

I
1LL'2

7

,>L
L-2

13

l5

l6

17

20

6

19

T4

l8

11

I3

L9

L7

l0

r\
11

15

L\

7

L6

ö

J

6

4

L4

20

9

r-B

5

L2

-1

-11

-8

-5

BIz

-7

-L4

I

0

_r34

(

L2

10

13

6

-L4

10

T

13

-t

1

I2I

64

25

72.25

49

196

1

0

L82.25

25

144

100

r69

36

L96

r00

16

L69

I
t"o = -0.2737 (insignificant)
*compared to "r" ax 5% leve1 of significance with

Id= o r d2 = 1667.5

18 degrees of freedom.
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Appendix 4

Sofid-phase Radioimmunoassay of Staphylococcal Enterotoxins

I. Coating of tubes r¿ith anti-toxin solution

l. Dilute anti-toxin solutions with 0.1- M carbonate-bicarbonate
buffer as follows: type A I : 2000

B 1:5000
C 1:1000

2. Pipette 2 rnl of coating solution into each polystyrene tube,
16 mm X 150 mm (Beckman biovial).

3. Incubate tubes overnight at 35oC.

4. Rinse each tube tr¿ice using successive 3 nl rinse of o.g T"

saline per tube.

5. Invert tubes in cracks to 1et them drain unti_l use. Tubes
should be used within 2 or 3 hours.

II., Preparation of labelled enterotoxin for assay

Thaw and dilute stock solution of labelled enterotoxin to 20,000 -
30,000 cpm/O.5 ml in Ceskafs incubating buffer contaíning 0.5%
bovine serum albumin (COHN fraction 5, Sigma Coinpany).

Type of Enterotoxin cpm vL/50 m1 buffer

A
B

C

114, 000
50, 000

140,000

250
10
20

III. Preparation of standard curve

1. Dilute stock solution of unlabelled toxin (1,000 ng/ml) in
Ceska' s incubation buffer.

2. Prepare doubling dilutions 1:2, L:4, l:8, 1:16, L:32 to 0.31
ng/rnl in Ceskars íncubation buffer.

3. Dilute stock solution of 1abe1led toxin to 30,000-50,000 cpm/O.5
m1 in incubation buffer, depending on the instructíons accompany-
ing each batch of labelled toxin.

4. Add 1.0 ml of each dilution of toxin + 0.5 ml of diluted labelled
toxin to each of 3 tubes for a total volume of 1.5 rnl/tube. A1so,
add 1.0 ml of incubation buffer * 0.5 ml of diluted labelled toxín
to each of three tubes as a negative control for maximum binding
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Appendix 4 (continued)

capacity.

5. Cap tubes, mix contents and count each tube for 0.5 minutes
in Y-counter, to determine input count (Beckmann Biogamma
analyser, single channel, efficíerrcy 65%).

6. Incubate overnight at 35oC.

7. Pour out contents of tubes and rinse each tube twice wíLLr 0.97.
saline (2 X 3 ml/per tube).

8. Count each tube for one minute in Y-counter to determine
bound count..

IV. Radioimmunoassay of sample extract

This is set up in the same manner as the standard curve except
for the following points, and is always run in conjunction with
a standard curve.

l. No negative control is used, other than the one already set
up with the standard curve.

2. Routinely, a dilution serÍes of 20 - 2-4 is used. A higher
dilution of extract should only be used if a very high 1eve1
of toxin is expected ín the sample.
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AppendÍx 5

Enterotoxin Extraction from Cheese Samples

1. I{here possible, weigh a 50 g representative sample and add to this
(100 ml) Ceskars incubation buffer. If a smaller sample must be
used, extract witln 2\ volumes of buffer.

2. Bl-end 3 minutes at high speed.

3. Incubate at room temperature for about 30 minutes.

4. Centrifuge in large bottles for 30 minutes at 10,000 rpm (maximum
RPM obtainable with large Sorvall rotor) aL 4"C.

5. Filter supernatant through several- layers of Kirnwipes to remove
solid and semi-solid fat (In some cases, the supernatant will be
too thick to filter. This happens with some sausage extracts).

6. Precipitation:
(a) Use 30-40 ml of the exrract.

(b) Adjust the pH of the extract to 4.6 using lN HC1. Keep track
of amount of HCI added for calculation of dílutíon factor.

7. Centrifuge extract 20 minutes at 17,500 rpm (maximum rpm obtainable
with sma1l Sorvall rotar) at 4"C.

B. Filter suPernatant through grade 202 fl..ter paper, making note of
volume.

9. Adjust pH of supernatant to 7.4 + 0.05 using 1N NaOH keepíng a record.
of the amount added for calculattn of dilution factor.

10. Centrifuge for 20 minutes at 17,500 rpm at 4"C.

1l. Filter supernatant through grade 202 f.iLter paper.

L2. This extract can be either assayed for Èoxin immediately or frozen
for assay at a later time.

Modification of Extraction

Steps 1-9 are essentially the same as those listed in the former method.

10. Add 20-30% chloroform (8 g/30 mf exrracr) to the supernatant, shake
for 1 minute.

11. Centrifuge for 20 minutes at 17,500 rpm at 4"C.
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Appendix 5 (continued)

L2. Pour contents into a separatory flask, allow 5 minutes for chloro-
form to settle to the bottom, and draw off the choroform layer.

13. Pour top layer into a dialysis sac, (Canlab llDI6L5, pore size
24 angsxroms), B inches for each original 30 rnl sample, and
díalyse overnight ín 301l polyethylene glycol 20,000 at 4"C .

L4. Rinse out the sac-contents thrice with a total volume of ,4 original
sample volume (i.e. 7.5 ml buffer for a 30 ml original sample volume)
of incubation buffer.

15. This extract can be either assayed for toxin immedíately or frozen
for assay at a later tíme.

Note: For extracts extracted by the original method, they should be
thawed, and then chloroform should be added.

Using the same precedures as listed above, aqueous cheese extracts \^Iere

obtained from the control cheese batches (C2 and C3, which are batches

with no S. aureus inoculation). Aqueous cheese extracts were then

served as a buffering medium for the radioimmunoassays.
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Selection of l^Javelength for

Appendix Table 6

the Determination of Cell Turbidity of
a One ml Stock Culture in 50 m1 SalineStaphylococcus er!:eus using

I,JAVELENGTH Z TRANSMITTANCE

33s

340

400

4s0

500

600

29 .5

27 .5

31. 5

35.0

39.0

45.0
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Appendix Table 7

S.. aureus Count Versus % Transmittance at 340 nm

Assay
Number

Transmitt ance (7") S. Count per ml*
YI

Log 19 Y'
Y

32.00

43.7 5

51. 50

62.50

82. 50

22.0

30. 0

39. B

48. s

66.8

82.0

25.5

35.5

42.5

52.5

60. 0

82.0

24.5

34.0

43. 0

50. 0

60. s

79.0

L.73 X

8.7 X

5.3 X

4.7 X

2.20 X

2.07 X

L.4L X

1.07 X

7.80 X

4.50 X

2.2L X

2.526 X

I.67 X

1.363 X

1.016 x

8.25 X

3.20 X

2.585 X

1.85 X

1.346 X

1.055 X

7.25 X

3.70 X

108

107

r07

rc7

r07

r08

l0B

108

L07

r07

L07

108

r0B

108

r0B

r07

107

108

l0B

108

108

107

r07

B. 2380

7 .939s

7 .7 243

7.672L

7 .3424

8.3160

8.L492

8.0294

7 .892r

7.6532

7.3444

8 .4024

8.2227

8 .1345

8 .0068

7.9l-65

7 . 5051

8.4L25

8.267 2

B. 1290

8.0233

7 . 8603

7.2682

:k average count of duplicate platings
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Appendix Table 7 (continued)

Calculated Points:

LlrenX =20 Y =8.42484
X = 40 Y = 8.10544

x = 60 Y = 7.78604

X =80 Y =7.46664

Linear regression:

slope = -0.01597 intercept = 8.74424

regression equation : Y = 8.74424 - 0.01597(X)
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Appendix Table B-

Statistical AnalysÍs on the Standard Curve of å. 4]rgt¿S

I. Analysis of

Source of
Variance

Variance

Degrees
Freedom

Table

of Sum of Mean F
-ava.Lueuares

2.0602
o.L7 90

Souare

2.0602
0. 0085

242.37 6regression
deviatíons

1
2L

Total

a - compared to

* - signifÍcant
** - significant

**:l - signifÍcant

2.2392

"F" with 1, 21 degrees of freedom.

at 5% level.
at L7" level.
at 0.52 level.

22

)II. Coefficient of determination, r' = 0.92

922 of the total variation is explained by the regression of Y
on the X variable. ( c.f. Appendix 10 )

III. Standard error of the estimate slope, S¡ = 0.001025.

IV. 95"/. confidence intervals for slope: -0 ,0l-597 + 0.0025.
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AppendÍx 9

The Horrall-Ellíker Starter Activity Test

1. Mix 10 grams of pretested, spray-dried nonfat milk with 90 ml
of distilled water and place it in an Erlenmeyer flask stoppered
with cotton.

2. Sterilize the reconstituted mílk in a flask at 15 lb pressure
for 10 minutes.

3. Measure r¿ith a sterile pípette 10 nl of the sterile, reconstituted
mil-k and place it in a sterile, screln/-top test tube.

4. AdjusË the temperature of the tube and milk to 100oF (37.5'C).

5. Measure 0.3 ml of the starter to be tested wíth a steríle pipette
graduated to 0.1 ml and place it in the 10 m1 of sterile milk.
Mix it thoroughly by twirling or shakíng.

6. Incubate the inoculated tube at 100"F for 3.5 hours.

7. Empty the 10.3 rnl of íncubated mixture ínto a clean flask
for titratíon; rinse the tube vrith 5 m1 of distílled \,Iater;
add 1 m1 of a 1% solution of phenolphthalein indicator;
and titrate ¡¡ith N/10 sodium hydroxide to a faÍnt pink color.

Interpretation:

1. Use of 4 m1 or more of alkali indicates the starter is actÍve.

2. Use of 3 to 3.5 m1 of alkali indicates a "slow" culture.

3. Use of less than 3 ml of alkali indicates the starter is
not acËive enough to use in a process where prompt acid de-
velopment is required, like Cheddar,
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Appendix 10

Procedure for Manufacturing Cheddar Cheese from Heat-Treated Milk

l. Preparation:
(1) I^Iash vat v¡ith warm r^/ater and soda.
(2) Rinse vat with hot water, and sanitize with 200 ppm chlorine

solution.
(3) Drain off vat and pump heat-treated rnilk into vat.

2. Inoculation:
(1) Cool milk to 86oF (30"C).

x(2) Add starter at the rate of. 2%.

3. Ripening Period:
Allow milk Èo ripen until the acidity of milk has increased
from 0. OI-0.O27".

4. Addition of coloring:
Add cheese color at the rate of 75 ml per 1000 pounds of milk.
Shake well before using and dilute about 20 times with cold
r¡rater, (or add color at a rate recommended by local practíces).

5. Addition of RenneË:
(1) Add cormnercial calf rennet at the rate of 70 m-l (or at the

rate recommended) per 1000 pounds of milk.
(2) Dilute rennet 40 tirnes with pure cold waEer.
(3) Stir milk thoroughly while rennet is being added and continue

stirring for 3-5 minutes
(4) AI1 motion should stop when bubbles appear unbroken on Ehe

surface.
(5) Milk should set up in 25-30 minutes.

6. Cutting Curd:
(a) \^fhen Ëo cut:

l. Curd breaks clean -- whey is clear.
2. Can press curd away from side of vat.
3. Trn¡o and one-half times the period from the time the rennet

is added till the first sign of thickening appears gives
the time for cuEting.

(b) Ho\nr to cuÈ:
1. Cut lengthwise with a horizontal knife.
2. Cut crosswise then lengthwise with a vertical knife.

7. Heating Èhe curd:
(a) Allow the curd to rest for a short time (i.e. for 5 to l0

minutes after cuttÍng) until a fíIm forms around the curd
particles.

*Batches wiÈh slow sÈarter were added at a rate of 0.3"/".
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Appendix l0 (côntinued)

(b) Regulation of heat
Raise the temperature of curd from 31"C to the required
temperature by gradual increase at a rate Ðo be determíned
on the basis of the following guidelines, relating to the
acidity of whey, and the fat content of milk:

Length of heating tíme :-
Acidity of whey at cutting

0.r27.
0.r3"/.
0.L47.
0.L4s7"
0.ß"/.

Temperature level:-
Fat content
3 to 3.6"/.
4 to 57"

(a) Curd is rubbery with no hollow
(b) Acidity of whey ranges between

0.L557. acídíty develops in the
quarter hours from the time of
be added).

Heating time
60 minutes
40 minutes
30 minutes
25 mínutes
20 minutes

Temperature required
34 to 36oC
37 to 39oC

centers.
0.15 to 0.L75% (when more than
whey ín less than two and one
setting, less starter should

l.

8. Draíníng of whey:
The time lapse between rennet addition (referred to as tíme of
setting) and draining of whey, should be two and one quarter hours.
Accordingly, after the curd is heated to the above desired tem-
peraÈure, hold it at thís temperature for the remainder of the
time period. The following points indicate the characterístic
features at the time to draining:

9. Cheddaring the curd:
(a) Piling curd

1. Pile curd along side of vat to drain.

(b) Cut curd in strips 3 to 4 inches wide and turn several times
before piling.
l. Turn slabs every 10 to 15 minutes
2. In about one hour after draining,

often to keep temperature uniform
greasy curd.

3. Just before milling, píle 3 or 4

pile high and turn
and to prevent a

slabs high.

(c) As soon as the curd is piled, the whey should titrate 0.18 to
0.22% acid.

(d) The curd should be allowed to mat until the acidity of the
whey reaches 0.51 to 0.55"/..
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Appendix 10 (continued)

(e) rf the curd is firmer than usual, cut Ín wider slabs, pÍre
sooner and higher.
l. rf the curd is softer than usual, cut curd in smaller

slabs and do not pile as soon or as high.

(f) Temperature of curd should not go below 32'c (32-34'c is the
desirable range).

(g) CompleËion of cheddaring process:-
1. Acidity f rom 0. 51 ro 0 ,60"Á
2. Sílky in appearance: velvety in feeling and tears

like v¡hite chicken meat.

(h) Objecr of cheddaring:-
l. Regulate removal of whey.
2. Formation of characteristic body and texture

10. Milling curd:
Ca) stir pieces well (a new film is formed over the newly cut

píeces):-
1. Should be impossible to squeeze whey from curd,
2. stir 30 to 60 minutes: pieces should not mat together.

11. Salting curd:
(a) Add from one and a half to t\,¡o and a half pounds of salt to

one thousand pounds of milk.
(b) Stir r¿eIl
(c) Allow to remain in vat until all of Ëhe salt is dissolved..

L2. Hooping cheeses and pressing;
(a) Salt should be completely dissolved.
(b) Curd should be mellow and silky.
(c) Temperature between 30-32oC.

l. Have temperature high enough so the temperature will not
have to be raised.

13. Pressing:
(a) Use light even pressure at first.
(b) Cheese is dressed in 30 minures.

L4. Dressing:
(a) Remove hoops from press.
(b) Invert hoop and remove cheese.
(c) Turn cheese upside dov¡n.
(d) Take press cloths off.
(e) LTet cheese with hot water.
(f) Pul1 out ¡^¡rinkles in cheese c1oth.

15. Pressing:
(a) Replace hoops in press and apply pressure as before
(b) Leave hoops in press overnight.
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Appendíx 10 (continued)

Note: In laboratory trials of Cheddar cheese manufacture,
specially construeted stainless steel hoops (cheese
capacity of about 5 pounds) were rrmployed. After
removal of the cheese from the press, it was trirnmed
to form even edges. It was Eransferred into a Cryovac
bag, which was then evacuated and sealed.
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Statis tical

Appendíx Table 11

(l{orrnal and Slow Starter)

2 I^lay Classífi-cations wíth Interaction

Levels of Inoculum

Normal
StarLer

Slov¡
Starter

Sum

5. 30
5.20

s. 60
5.45

2L.55

5.35
5. 40

5. B0
5 .80

22.35

3r.70

34 .05

65.7 5

5.20
5.25

5. B0
s. 60

2L.85

ANOVA TABLE

Source of
Variance

Starter
Level

SXL
Error

Degree of
Freedom

I
2

2

6

Sum of
Souares

0.46020

0. 08170

0. 02165

0.03875

Mean
uares

0 .46020

0. 04085

0.00646

0.00646

Values

7 L.260

6.325

1. 685

Total

*¡ significant aÈ 5% level
:t:k; significant at l% level

***¡ significant at 0.5% 1eve1

ll 0. 60230
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Appendix Table 12

Statistical Analysis on pH Values at Curing
(Normal and Partial Slow Starter)

2 i,lay Classification wíth Interaction

LEVELS OF INOCIILUM

s x to3/ml 106 /^t Sum

NORMAL

STARTER

PARTIAL
STARTER

Sum

5.20
5.25

5.25
5.35

2L.05

5. 35
5 .40

5.50
5. 60

2I.85

2L.20

2r,7 0

42,90

ANOVA Table

Source of Degree of Sum of Mean F

Variance Freedom S

Starter
Level
SXL
Error

1
1
1
4

0.03125 0.03125
0.08000 0.08000
0.00500 0.00500
0.01250 0.00313

10. 000'i
25.397,\*
r. 600

Total

'b significant at 5% level
."* significant at- 1% level

àLàLx significant at 0.5% LeveL

0.L287 5
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Appendix Table 13

Oualities of Milk Used for Cheddar Cheese Manufacture

A. I'or cheese batches made wíth normal starter :

BACTERIAL COUNI per m1 0R PERCENTAGE

fdentificatíon of Cheese Milk
J23 M6 J19 F6 J3O F4

spc (raw mílk) 7.6xLo4 4.9xLo2 1.Bxt03 3.7xL02 B.4xt02 1.1x105

SpC (heated mítk) Z.LxLO2 3.Bx10l 2.3x101 4.1x101 7.7xLOL 7.3xL02
$

f at U") 3.55 3.60 3.60 3.s0 3.ss 3.55

B. For cheese baËches made wíth slow sËarter :

BACTERIAI COIINT per ml OR PERCENTAGE

Identificatíon of Cheese Milk
J26 Fll JzI YT4 J28 M8

spc (raw mirk) 1.3x105 5.7x102 B.txt04 7.3xLO4 3.zxL02 4.3xLo2

SpC (heared mitk) 5.1x103 7.lxlOl 1.9x103 2.7xIO3 6.5x101 7.6x101

*fat (7") 3.45 3.50 3.60 3-s0 3.s5 3.s5
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Appendix Table 13 (continued)

C. For cheese batches made r,rit@ :

BACTERIAI COIINT per m1 OR PERCENTAGE

IdenËíficaËion of Cheese Milk
M13 M20 Ã4 A13

SPC (rar¿ milk)

SPC (heated milk)
&

far &)

102

101

L.4

6-7

x 103

x 101

3. s5

5.9 x

7.5 x

3.60

3.7 x 103

4.95x lOl

3.55

LO2

101

x

x

.60

9.6

6.8

3

* ¡ faË conÈenË was determined on

mílk. Fat contenÈ of the raur

duplicate samples of heaË treaËed

m-ilk samples was noÈ determined.
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Appendix Table 14

Statistical Analysis on ,S.. -aurexs. Count (logarithnic) at

Dressing Stage of Cheddar Cheese Manufacture

2 l,iay Classif ication with Interaction

60/ml

LEVELS OF INOCULUM

5 x 103/ml to6l*l Sum

NORMAL

STARTER

SL0I^I

STARTER

Sum

3.7 443
3. 49L4

5. s7 40
4 .602L

T7 .|ILB

4 .897 6
4 .9912

6 .7 993
6. 5315

23.2l-96

I'??10^ zr.s2'37.5798

8.3010 ,8'.á;iá 4o.rs22

3L.449L 12.0805

ANOVA TABLE

Source of Degrees of Sum of Mean of F

Variance Freedom Squares Squares Values

Starter
Levels
S XL
Error

I
2

2

6

5 .6360
24.87 50
0. 3351
0. 6088

5. 6360 55. 5251)k*?r
L2.437 5 l//. JJ()xxzu

0 .L61 6 L.6507
0. 1015

Total

* significant at 5% level
*"" signif icant at L7" level

-*** significanÈ at 0.57" LeveL

11 3L. 4549
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Appendix Table 15

Statistical Analysis on Total Bacterial Count (logarithmic) at
Dressj-ng Stage of Cheddar Cheese Manufacture

( Normal and Slow Starter )

2 i^lay Classif ícatíon with Interaction

60/mI

Levels of Inoculum

s x tO3/rnt to6 /mt Sum

Normal
Starter

Slow
Starter

Sum

9.8325
9.6284

9 .5250
9. 638s

37.6244

9.8573
9 .6628

9.0170
9 .633s

38.1706

9. 7818
9 .4s48

9. 6335
B .7 202

37.5903

s7.2L76

56.1677

rr3.3853

ANOVA TABLE

Source of
Variance

Degrees of
Freedom

Sum of
Squares

lulean

Squares
F

Values

Starter
Levels
SXL
Error

1
2

2
6

0. 09186
0.05302

L9 .37 642
o.l067 0

0.09186
0. 02651
9 .6882
0. 1178

0.77 98
0. 4501
82.2428,\

Total

+.
*¡k .

*at:." ;

l1 20.22800

significant
significant
significant

aL 57. 1evel
at I% level
at 0. 5"A Tevel
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Appendi:r Table 16

Statistical Analvsis on -S-. aurerrs Count (logarithmic)
After Curing for 60 DaYs
(Normal and Slow Starter)

2 I,Iay Classification with Interaction

60/ml

Levels of Inoculum

s x to3/mt to6lnt Sum

Normal 2.Oa

Starter Z.Oa

Slow 4 .7 033
Starter 3.L767

Sum rr.87 94

3 .267 2

3 .5502

s. BB93
5.5250

LB.23L7

5'6284 zL.746B
s.3010

6.6180 .
6'.;;6; 32-2084

23.844t 53.9552

a - assumed to be < 100/ml.

ANOVA Table

Source of Degree of Sum of Mean F

Variation Freedom Squares Squares Values

Starter
Levels
SXL
Error

1
2
2

6

9.L204
T7 .9L77

0.9l-02
L.3778

9 .7204 39 .7 230***
8.9586 39.Ol8t***
0.4551 L.982I
0.2296

Total

* sÍgnificant at 5% l-evel
** significant at l'7" level

:l** significant at 0.5% level

11 29.3255
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AppendÍx Table 17

Statistical Analysis on Total Bacterial Count (fogarithmic)

Af ter C,rrigg_lcr_ !!_lgXq
Cl¡"tml

2 l^lay Classifícation with Interaction

LEVELS OF INOCULI]M

6olrn1 sxto3/m1 106/*t Sum

NORIÍAL 5 . 8603 6. L222
STARTER 6.8865 6.826L

7 '7443 iq.91656.477L J '

s],oi^t 5.9890 6.3443 6.6484 îo
srARrER 6. sgss 6.3483 ã. õoõ¿ 38 ' 81se

Sum 25.32L3 25.6409 27.7704 78.7324

ANOVA TASLE

Source of Degrees of Sum of Mean of F
Variance Freedom Squares Squares Values

Starter
Levels
SXL
Error

I
2

2
6

0.1009 0.1009 0.3388 (ínsig. )
0.8861 0.4431 L.4877(insig.)
0. 0360 0. 0180 0 . 0604 ( insig. )
1.7868 0.2978

Total

'k significant at 57" Ievel-
** significant ax 17" level

*x* significant at 0.57" Ievel-

11 2. 8098
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Appendix Table 18

Statistical Analysís on S.. aureus Count (logarithmic) at

Dressing Stage of Cheddar Cheese ManufacËure
(Normal and Partial Slow Starter)

2 I^Iav Classification with Interaction

LEVELS OF INOCULUM

s x to3/mt to6 lnr Sum

NORMAL

STARTER

PARTIAL
STARTER

Sum

4.897 6
4.99L2

s .7 993
5.6628

7.2240
7.s798

7.6t28
7 .7782

24 .6926

26.853r

5L.54572r.3509 30. l94B

ANOVA Table

Source of Degrees of Sum of Mean of F

Variance Freedom Squares Squares Values

Starter
Level
S XL
Error

I
I
I
4

0.5835 0.5835 25,7275xx
9.7768 9.7768 (fl.Q/J$**:t
0.1215 0.1215 5.357r
0.0907 0.0227

TotaI

* significant at 52 level
*"* signif icant at 17. level

:t:r* sfg¡if icant at 0.5% Level

L0,57 25
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Appendix Table 19

Statistical A¡ralvsis on Total Bacterial Count (logarithmÍc) at
Dressing Stage of Cheddar Cheese l"lanufacture

(Normal and Partial Slow Starter)

2 l^iay Classification with Interaction

LEVELS OF INOCULI]M

s x to3/ml lo6/rt Sum

NORI"ÍAL

STARTER

PARTIAL
STARTER

Sum

9.8573 9.7818 1o
s .6628 g . qäB 38 '7 567

9.5250 9.3324
s . 6232 ;'.;l; ; 37 ' 6e7 2

38.6683 37.7865 76.4548

ANOVA Table

Source of Degrees of Sum of Mean of F
Variance Freedom Squares Squares Values

Starter
Level
SXL
Error

1
1
I
4

0.1403 0.1403 6.6969
0.0972 0,0972 4.6396
0. 0121 0. 0121 0. 57 7 5

0.0838 0.0209

Total

* significant at 5Z level
** significanÈ at 17" 1evel

*** sfgnificanË at 1.5% level

o.3334
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Appendix Table 20

Statistical Analysis on S. aureus Count (logarithmic) after
Curing for 60 Days (Normal and Partíal Slow Starter)

2 I^lay Classif ication with Interaction

LEVELS OF INOCULUM

s x ro3/nl 106/rr Sum

NORMAL

STARTER

PARTIAI
STARTER

Sum

3.2672
3.5502

4.8837
4.5LL9

16.2130

5.6284
5. 3010

s .934s
5.9777

22. B4L6

17 .7 468

2r,3078

39 .0546

ANOVA Table

Source of
Variance

Degrees of
Freedom

Sum of Mean of F
Values

Starter
Level
SXL
Error

1
1

1

4

uares

t.5B3r
s.4923
0.3182
0. 1637

uares

1. 5831
s .4923
0. 3182
0.0409

38. 7066**
134. 2861*xx

7.7790

Total

* significant
** significant

aL** signlfícant

at 5"/. level
at L7" level
at 0.5"/" Tevel

7.5593
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Appendix Table 2l

Statistical furalysis on Total Bacterial Count (fogarithmícl

After Curing for 60 Days (Normal and Partial Slow Starter)

2 \^iay Classif icatíon with Interaction

LEVELS OF INOCI]LI]M

s x to3/ml lo6l*t sum

NORMAL

STARTER

PARTIAI
STARTER

Sum

6.L222 7.7443 .a
6.826L 6.477L 27 'L697

6.4s48 6.29?? 2s.6r726.3522 6.3010

25.7553 27.03L6 52.7869

ANOVA Table

Source of Degrees of Sum of Mean of F

Variance Freedom Squares Squares Values

Starter
Level
SXL
Error

1
1
1
4

0. 3013 0.3013 r . 1184 (insig. )
0.2036 0,2036 0.7558 (insig.)
O.2OL6 0.2016 0.7483 (insíg.)
L.077 6 0.2694

Total 7 L.7B4l

* significant aË 5% 1eve1
** significant ax T7" level

>k:t:k signif icant at 0.57. ]-eve1-
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Appendix Table 22

Statistical Analysis on FaL Contents of Cheddar Cheese
( Normal and Slow Starter

2 i^iay Classif ication with Interaction

Levels of Inoculum

NormaI
S tarter

Slow

Sum

34. 0
33. 5

32.0
33. 0

r32.5

31.5
32.5

31. 0
31.0

r32.5

200.5

191. 0

39L.5

35. 5
33. 5

33. 0
31. 0

r33.0

ANOVA Tabl-e

Source of Degree of Sum of
Variance Freedom Squares

Mean
Squares

F
Values

Starter
Levels
SXL
Error

1
2

2

6

7.5208
7.6250
r.29l-7
5. 1250

7.s208
3.8125
0 .6459
0.8542

8. 8050*
4.4632
0. 7s60

Total

* signifícant
?k?k significant

*?k)t significant

at 57" level
at L7" level
at 0.5% Level

11 2L. s62s
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Appendix Table 23

statistical Analysis on Moisture contents of cheddar cheese
( Normal and Slow Starter

2 \tray Classification with Interaction

Levels of Inoculum

5x103

Normal
Starter

Slow
Starter

Sum

34.495
38. 9BB

37.490
36. 6sB

L47.63r

37 .7 50
36.l-23

36.520
39 . 858

150. 251

39 .L7 5

38. 050

38 .7 93
40. 07 0

156. 088

224.587

229.389

4s3.97

ANOVA Table

Source of
Variation

SÈarter
Levels
SXL
Error

Degrees of
Freedom

Sum of
Squares

L.9264
9.3713
0.4237

l.8.7825

Mean
Squares

L.9264
4 .6857
0.2Lr9
3 .1304

1
2

2

6

VaIues

0 .6l54
1.4960
0 .067 7

(insÍg. )
(insig. )

Total 11 30.5039
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Appendix Table 24

Statistical Analysis on Salt Content of Cheddar Cheese
( Normal and Slor¿ Starter )

2 Inlay Classification with Interaction

Levels of Inoculum

60/m1 s x to3/mt to6/*t sum

Normal 7.34
StarLer I.32

Slow r.42
Starter L.47

Sum s.49

I .48
r.23 ó' ¿4

l: ii 8. 85

5.7 0 L7 .09

L.47
1.40

I.48
1.55

5. 90

ANOVA Table

Source of Degrees of Surn of Mean F
VarÍation Freedom Squares Squares Values

Starter
Levels
SXL
Error

I
2

2

6

0.031000 0.0310 5.0472 (insig.)
0.02L025 0.0105 1.7095 (insig.)
0.002225 0.0011 0. rB11
0.036850 0.0061

Total tl 0. 091100
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Appendix Table 25

Statistical Analvsis on Fat Contents of Cheddar Cheese
(Normal and Partíal Slow Starter)

2 I,Iay Classif icatíon v¡ith Interaction

LEVELS OF INOCI]LI]M

s x ro3/m1 I o6 /^t Sum

NORMAL

STARTER

?ARTIAL
STARTER

Sum

35. 5

33. 5

33. 0
33. 0

135. 0

31.5
32.5

31.5
3r. 0

t26.5

133.0

L28.5

26r.5

ANOVA Table

Source of Degrees of Sum of Mean of F

Variance Freedom Squares Squares Values,

Starter L 2.5313 2.5313 3. B57l
Level r 9.0313 9. 0313 L3.7 6L9*
sxr, I 0.28L3 0.2813 0,4286
Error 4 2.6250 0.6563

Total L4 .4689

* sígnificant aË 5% level
** significant at 1.7" level

*** significant at 0.57" LeveL
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Appendix Table 26

Statistical Analysis on Moisture Contents of Cheddar Cheese
(Normal and Partial S1o¡¿ Starter)

2 l^iay Classification with Interaction

LEVELS OF INOCI]LI]M

s x to3/rnt 106 /^t Sum

NORMAL

STARTER

PARTTAI
STARTER

Surn

37.750
36.L23

38.150
38.L25

150.148

39,L75
38. 050

3B . 6sB
39.340

L55.223

151. 098

L54.273

305.371

ANOVA Table

Source of Degrees of Sum of Mean of F

Variance Freedom Squares Squares Values

Starter
Level
SXL
Error

1
1
1

4

L.260L r.260I
3.2L95 3.2L95
0.3316 0.3316
2.1893 0.5473

2.3024 (insig.)
5.8825 (insig.)
0.6059 (insig.)

Total

* significant at 5% level
** significant at 17" level

*** significant at 0.52 level

7.0005
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Appendix Table 27

Statistical Analvsis on Salt Contents of Cheddar Cheese

2 I^lay Classification with Interaction

LEVELS OF INOCULI]M

s x to3/nl 106 l^t Sum

NORMAL

STARTER

PARTIAI
STARTER

Sum

r.47
l. 40

r. 48
r. 51

s. 86

r.48
L.23

L.48
r. 55

s.7 4

5. 5B

6. 02

11. 60

ANOVA Table

Source of Degrees of Sum of Mean of F

Variance Freedom Squares Squares Values

Starter
Level
SXL
Error

1
I
1
4

0.0242 0.0242
0.0018 0.0018
0.0050 0.0050
0.0366 0.0092

2.6448 (insig.)
0.1967 (insie.)
0.5465 (insig.)

Total 7 0.0676

*" sígnif icant aË 5% leve1
*:t slgnificant at 17" 1evel

*xLxL signif icant at 0.57" Leve!
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Appendix 28

Unless stated otherwise' comPuEer progralTming on the data

obtaíned in the solid-phase radioirnmunoassays Þ¡as v¡ritten as follows:

//roxrns -ion 'IL27, , , ,co=l ,T=2,L=2,C=O ' ,'suNNY rvY LAM| ,NOTrFY=rLAM

/ *rso

/'."ROUTE PRINT LOCAL

/l nxnc \^IATFrv

/ / CO.FTIIFOOI DD DSN=DATA. SET. NAME,DISP=SHR

/ /co. sYSrN DD *

$JOB I^IATFIV SUNNY IVY,NOEXT,LINES=66,NOCHECK
C

C VARIABLE TASLE
C

c A - suM Qp lQÇ:'s:tl (x)
C B _ ST]M OF THE PRODUCT LOGIT Y AND LOG X
C C _ SUM OF LOGIT Y
C D - SI]MOFLOGX
C F _ FSTATISTICS
C J,L,M - INDEMS FOR THE VECTORS

C K - DEGREE OF FREEDOM OF REGRESSION
C N - PARAMETER ON THE NUMBER OF DOSE SAMPLE TO SUBROUTINE

C R _ CORRELATIONCOEFFICIENT
C S - SLOPE OF THE STANDARD CURVE

C X _ DOSEVALUES
c Y - (%s /no¡x1002
c $B -7.8
c 7"8 - (BOUND COUNT / rOrar, COUNT) X 100%

C BO _ 7.8 OF THE NEGATIVE CONTROL

C CV - COEFFICIENT OF VARIANCE
C NO - A COIJNT ON EACH STANDARD DOSE VALUE
C SD - STANDARN DEVIATION
C XX _ LOGARITHMIC OF DOSE VALI]E, THAT IS, LOG (X)
C YY - LOGIT VALUE OF Y
C AVG - THE AVERAGE OT BACKGROUND COI]NTS

C BLK - BLANK OF ONE BYTE
C INT _ INTERCEPT OF THE STANDARD CURVE

C IPT - POSITION OF THE POINTS IN PLOTTING THE STANDARD CURVE

c MSE - r'fEAN SQUARE OF ERROR

c MSR - l'tEAN SQUARI 0F REGRESSTON

C OUT _ SUBSCRIPT OF TiIE DOSE VALUE TO BE ELIMINATED
C RSQ _ COEFFICTENT OF DETERMINATION
C SSE - SUM OF SQUARE OF ERROR
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c ssR - sllM oF SQUARE OF REGRESSTON

C TOP - THE TIIBE COIINT I,IITH THE GREATEST DIFFERENCE FROM THE

C R-EST OF THE TUBE COUNTS I^]ITHIN THE SAME TOXIN DILUT]ON
c TSS - TOTAL SiIM OF SQUARE OF REGRISSTON
C VEC _ CHARACTER STRING OF 80 BYTES FOR EACH LINE OF THE CURVE

C (GRÁPH PLOTTING)
C DATA _ RADIOACTIVE COI]NTS ON EACH TUBE(USED IN SIJBROUTINE STAT)
C DATE - DATE OF THE RADIOIMMI]NOASSAY RUN

C DIFF - DIFFERENCE OF A TUBE COI]NT FROM THE AVERAGE OF TUBESI
C COUNTS I^IITHIN THE SAME SAMPLE DILUTION
C DOSE - DOSE VALUE, I^ITIICH IS AN UNLABELLED TOXIN DILUTION
C FOO1 _ F STATISTICS üIITH 992 CONFIDENCE LEVEL
C }'OO5 - F STATISTICS WITH 952 CONFIDENCE LEVEL
C INUM _ IJNKNOI{N SA]"IPLE NI]MBER
C SEES - STANDARD ERROR ESTIMATE OF THE SLOPE
C SEEY - STANDARD ERROR ESTIMATE OT' YY

C SUI"D( _ SUM OF X VALUES, WHERE X IS A TTIBE COUNT(SUBROUTINE STAT)
C TIME - TIME IN I'IINUTE BEING COI]NTED IN EACH TUBE
C TYPE _ TYPE OF UNKNOI^IN SAMPLES BEING ASSAYED
C BKNUIVI - NUMBER OF BACKGROUND COUNTS

C BLANK - A BLANK LINE I^IITH BO BYTES
C COI]NT _ RADIOACTIVE COI]NTS IN EACH TUBE BE]NG ASSAYED

C I,ABEL _ VALUES ON THE VERTICAL AXIS OF THE CURVE

C LOGIT - LOGIT FI]NCTION
C RDATA _ SAME AS DATA BUT CONVERTED INTO R-EAL ATTRIBUTE
C SPACE - SPACE ON EACH INTERVAL OF THE AXIS
c suMxy - sllr,r oF ( xx(J) - AVG 0F Ð( ) ( YY(J) - AVG OF YY )
C TIMES - THE NIN{BER OF TUBES (PER DOSE VALUE) NOT BEING RNJECTED
C TLAVG - AVERAGE OF TOTAL COIINTS PER DOSE VALUE
C TLNI]M - NUMBER OF TUBES USED FOR ESTIMATING PIPETTING ERROR

C TOXIN - THE TYPE OF STAPHYLOCOCCAL ENTEROTOXIN BEING ASSAYED
C IIBAVG - AVERAGE OI BOUND COUNTS PER UNKNOI^IN SAIIPLE DTLUTTON
C XXAVG _ MEAN OF LOG (X)
C YYAVG - MEAN OF LOGIT Y OF ALL X VALUES
C AVGMCB _ AVERAGE OF MAXIMIM BINDING TUBES' BOI]ND COI]NTS

C AVGMXT _ AVERAGE OF MAXIMIN{ BINDING TUBES' TOTAL COI]NTS

C BKGAVG _ AVERAGE OF BACKGROi]ND COUNTS (IN SUBROUTINE STATISTICS)
C CBOI]ND - A CHARACTER STRING : ''BOUND''
C CTOTAL - A CHARACTER STRING : ''TOTAL''
C DOSAVB _ AVERAGE OF BOI]ND COUNTS PER STANDARD DOSE VALUE
C DOSAVT _ AVERAGE OF TOTAL COIJNTS PER STANDARD DOSE VALUE
C DOSECV - COEFFICIENT OF VARIANCE OF DOSAVB OR DOSAVT
C DOSESD - STANDARD DEVIATION OF DOSAVB OR DOSAVT

C ÐOSNI]M - THE NI]MBER OF STANDARD DOSE VALUES
C DOSPOS - VALUE OF DOSE ON EACH LINE OF THE CURVE

C INTVAI - THE LENGTH OF INTERVAL BETI^IEEN TWO DOSE VALUES
C ( IN LOGARTTHMIC SCALE )
C ISPACE - NUMBER OF LINES BETI^IEEN TI{O LABELS ON PRINTER
C LOGITY _ POSITION OF SYMBOLS ON THE GRÁPH

C I'ÍAXBND - NI]MBER OF MAXIMUM BINDING TUBES (BOUND COUNT)

c ITAXTOT - NUMBER OF MAXTMTM BTNDTNG TUBES (TOTAT COTJNT)
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C NUMDOS - NUMBER OF DOSE (TN ELIMINATING DATA SECTION)

C PIPERR - PIPETTING ERROR

c RSQ100 - R*?t2 X L00%
C SAI"IPTS _ SAMPTM, T]ME OF SAMPLING IN CHEESEMAKING

C STUBES - NU}ßER OF TI]BES ?ER STANDARD DOSE VALUE

C SUMSQX - SIM OF X SQUARE, IIIHERE X IS THE RADIOACTIVE COT]NT OF A
TUBE (USED IN SUBROUTINE STAT]STICS)

C TUBENO - TIIE TUBE NUMBER

C UNKNOW - TYPE OF IINKNO\^IN

C UTUBES - NUMBER OF TUBES PER I]NKNOI,IN SAMPLE DILUTION
C VECTOR - THE I^IHOLE LINE OF TTIE PLOTTING BEING PRINTED
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1040. INTEGER UNIO{OI^I,UTUBES, STUBES, BKNIJ}í,TI]BENO, COUNT( 10) ,
1050. * DOSNUM,TIMES, SPACE( 7) ,TOTPRD(20) ,BNDPRD(20) ,
1060" :k TLNIIM,TOTDIt(20),BNDDIL(20),NOTHIN(10) /L0x0/
1070" REAL Til'fE(10),DoSE(10),DOSAVT(10),DOSAVB(r0),LOGrT,
1080. * LOGITY,INTVAL,$B(IO),X(IO),Y(IO),XX(10),YY(IO),
1090. * INT,LABEL( 7) ,MSE,MSR,UTAVG(50) ,I]BAVG(50) ,LOGX
IlOO" CHARACTER DATE*8,TOXIN*4O,TYPE*I,CTOTAL*5,CBOUND*s,
1110" * VEC* I ( 80) , VECTOR* 80, BLANK* 80, BLK* I ,LOTS* 6 ( 20)
1 120" LOGICAI ABSENS/ "FAISE. /
1130. DATA I,ABEL/O.31,0.63,1"25,2.5,5.0,10" ,20"/,
1140. * SPACE/ 7,9,7,7,9,7,Lf,
1T50. * CTOTAI/'TOTAI-'/,CBOUND/'BOIIND'/,
1 160. * BLANK/'
1170. o '/,
1180" * BLK/' '/
1I90. EQUIVALENCE (VEC,VECTOR)
r200. c
1 210. C

L220. C

1230. c
L240. C

r250. c
1260. c
1270. c
I280. C

t290. c
I3OO. C RUN TNFORMATION
1310. C

1 320. C

**
* MAIN PROGRA}.I *
**
ù IJ JJ¿¿¿¿ ¿¿¿¿JJ¿ JJ

zIX,' N0. 0F UNKNOIÀINS -' ,I5,, (POSITIVE RESULTS ONLY) 

"//,2lx,'No" 0F TIIBES/UNKNOI{N DrL"N -"15,//// )

1330. WRrrE(6,143)
1340. r^rRrrE ( 6, r 00)
1350. r00 FORMAT('l' ,/ /,2IX,',RUN rNFORMATrON"/,
1360. * 21X,15('='),/// )
1370. READ(11, 101)DATE,UNIAìOI4T,IIIUBES,TYPE,TOXIN
1380. 101 FORMAT(A8,r4,r2,AI,A40)
1390. WRrrE(6,102)DATE
1400. 102 FORMAT('-' ,20X, 'DATE 0F RADTOnIMUNOASSAY -' ,A8)
1410. WRrTE(6,103)TypE,TOXTN,UNKNOW,UTITBES
I42O. 103 FOR}IAT('0' ,20X,' STAPHYLOCOCCAT ENTEROTOXTN -' ,4X,AI,/ /,
1430. x zlx,',TypE 0F UNKNOWN -"3X,A40,f f ,
r 440. *
1450" *
1460. *
1470. C

14 80. C

1490. C STANDARD INFORI'ÍATION
1500. c ===
15I0. C

15 20. READ ( I I , 104) BKNUM, TLNIIM,MAXTOT,I'ÍA)GND,DOSN[]M, STUB ES

r530. I04 FORMAT(613)
1540. I^IRTTE ( 6 , I05) BKNIIM, TLNUM,IÍA)fToT, MAXBND, DOSNUM, STUBES
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1550. r05 FORMAT ('-' ,20X,' STANDARD TNFORMATTON' , /,
1560. * 21X,20('='),///,
15 70. * 21X,,NO. OF BACKGROUND TUBES ., ,T5, / I ,
1590. x 2IX,'N0. 0F TUBES (PIPETTING ERROR) -"I5,//,
1590" * }IX,,NO. OF MAXIMI]M TOTAL TUBES -. ,15,//,
1600. * 21X,,N0. OF MAXI}ÍI]M BOI]ND TUBES _. ,T5,//,
1610" X 21X,,N0. OF STANDÀRD DOSE VALIIES .' ,T5,//,
1620. * 21X,',N0. OF TUBES/STANDARD DOSE VALIIE -"T5 )
1630" I,tRrrE(6,143)
1640. C

1650" C

1660. C BASELINE STANDARDS

16 70" C ==-==-=====
16 80. C

1690" r^rRrrE(6,106)
1700. 106 FORMAT ('-"20X,'BASELTNE STANDARDS"/,
1710. * 21X,18('='),//,
T720. * 24X,,TYPE,,5)(,'TI]BE.,6X,,COIINT,,ß,. STD"DEV.,,
1730. * SX,'C.Y.',/,
1740" x 21Xr10('='),2X,4('=') r2X,l0('='),6X, B('='),
I 750. * 4X,7('='7 )
I 760. C

1770" C BASELINE STANDARD : BACf'GROUND

1780. C =
I 790. C

1800. wRrrE(6,107)
1 81 0. 1 0 7 FORMAT (' 0" 20X, 'BACKGROUND' )
1820. D0 I J=I,BKNUM
1830. READ(11,108)TIIBENO,COIINT(J) ,TmE(J)
1 840. 10 B FORMAT ( T2 ,rx,r 6 , 1X, F3. 2)
1850. I WRrrE(6,109)TUBENO,COUNT(J)
1860. 109 FORÌ"IAT(' 

"33X,r2r4Xrr8)1870. rF(BKNIll'f .EQ. 1) GOTO 2
1880. CALL STAT(BKNUM,COUNT,TTIÍE(1),0.,AVG,SD,CV)
1 890. \^IRrrE ( 6, 1 I0)AVG, SD, CV

I900. 1I0 FORIÍAT('0' ,24X,'AVG ( CPM ) 
"5X,FI0.2,4X,F7.2,5X,F5.2)191 0. C

1920. C BASELINE STANDARD : TOTAL (FOR ESTIMATING PIPETTING ERROR)

193û. C =
1940. C

1950. 2 rdRrrE(6,11I)
I960. TIi FORMAT (, -.,20X,'TOTAL (PIPETTING ERROR ESTIMATTON)'/)
19 70. DO 3 J=I,TLNIñ{
1980. READ(11,108)TUBENO,COIINT(J),TIME(J)
1990. 3 WRrrE(6,109)TUBENO,COUNT(J)
2000. rF(TLNUM.EQ. I)GOTO 4

2OIO. CAIL STAT(TLNIIM,COUNT,TIME(I),O.,TLAVG,SD,CV)
2020. wRrrE(6,110)TLAVG,SD,CV
2030. 4 PIPERR=SQRT(ABS(SD**2-TLAVG))/TLAVG*IOO
2040. I^TRITE(6,I12)PIPERR
2050. LIz FORMAT('O' ,20X,'PTPETTTNG ERROR = SQRTI (S,l .*x2 - AVG) 

"
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2060" *
2070" c

2340" *
2350. C

2360. C

' I/wC X 1007" ' ,'=', ,Fs.zr"Á', )

2080. C BASELINE STANDARD : M.{XIMUM TOTAL
2090. c
2100 " c
2110" r^rRrTE(6,113)
2L20. 1t3 FORI,ÍAT ('-' ,20X,'MAXrMlrM TOTAL')
2130" D0 5 J=I,MAXTOT
2140. READ(I1,108)TUBENO,COUNT(J) ,TnIE(J)
2150. 5 r^iRrrE(6, 109)TUBENO, COUNT(J)
2L60. rF(MAXTOT.EQ. r)GOTO 6

2L70. CAIL STAT(MAXTOT,COUNT,TIME(1),AVG,AVGMXT,SD,CV)
2180. I{RrTE(6,I10)AVGMXT,SD,CV
2190" c
2200. C BASELINE STANDARD : MAXI}II]M BOUND

22L0. C

2220" C

2230" 6 WRrrE(6,114)
2240" Il4 FORMAT (',-', ,20X,',MAXTMIIM BOIIND',)
2250. D0 7 J=L,MAXBND
2260" READ(11,108)TUBEN0,COUNT(J),TrME(J)
2270. 7 !üRrTE(6,109)TUBENo,COUNT(J)
2280. rF(MÆßND.EQ. r)GOTO 8

2290. CALL STÀT(MAXBND,COUNT,TIME(1),AVG,AVCM)ß,SD,CV)
2300. I^TRITE(6,110)AVGMB,SD,CV
23t0. 8 BO=AVGM)ß/AVGtfXr*100
2320. WRrrE(6, ll5)BO
2330. 1i5 FORMAT('-"20X,'80 = (AVG MAX BOUND / AVG MAX TOTAL)"

' x Loo"/" ' ,'= ' ,F 8.4 r' %' )

2370. C CONSTRUCT THE TABLE I'OR TOTAI COIINT
oâo^ õ ---LJOw. v ---
2390. C

2400. wRrTE(6,116)CTOTAL,CTOTAT
2410. 116 FORIÍAT('L" / / ,zLX, ',STANDARD CURVE 

"Ã5, 
' COUNT DATA 

" 
/

2420. *
2430. *
2440. *
2450. *
2460. NO = 0
2470. DO 12 J = I'DOSNIIM
2480. TIMES=STUBES
2490. READ(11,*)DOSE(J)'TIlfE(J)'(COUNT(K)'K=l,STUBES)
2500. \^TRITE(6,120)
2510. 9 DO 11 K=I,TIMES
2520. rF(TTMES.LT.STIIBES)GOTO 10
2530. I4TP.ITE(6,117)D0SE(J)'NO+K'COllNT(K)
2540. GOTO 11

2550. 10 r{RrrE(6,121)DOSE(J),COUNT(K)
2560. 1I CONTINUE

2Ix,3l('='),///
21X''DOSE TUBE 

"A5 
r' COUNT ' ,'s.D. c.v."/,

zIX,47('=') )
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2570" Ll7 FORMAT(' ' ,20X,85"2,4X,r2,8X,r8)
25æ" CALL STAT(TIl'fES,COIINT,TIME(J),AVG,DOSAVT(J),DOSESD,DOSECV)
2590" WRrTE(6,118)DOSA\rI(J),DOSESD,D0SECV
2600. I18 FORMAT ('0' ,22X,' 

^VG 
( CPM ) = ' ,F10. 2,2X,F8"2,F8.2)

2610" rF(DOSECV.LT.5.)G0T0 t2
2620. I,IRITE(6,119)
2630. I t9 FORMAT ('+' ,65X,'** REJECT x*' , /)
2640" CA]-L ERROR(TrlrES,COllNT,DOSE(J) )
2650. rF(TnfES.GT" 1) GOTO 9
2660. L2 NO=NG+3

2670" I.IRrrE(6,164)
2680. L64 FORI,IAT('-' ,20X,47('='¡ ¡
2690. I20 FORMAT('0')
2700 " c
27rO. C

2720. C CONSTRUCT TTIE TABLE FOR BOU}TD COUI{T
ôrâ^ õ ___L|JV. \, ---
2740. C

2750 . I,IRTTE ( 6, 1 16) CBOIIND, CBollND
2760. N0 = 0
2770. D0 17 J=l rDOSNI]M
27æ. TT},fES:STUBES
2790. READ(11,*)TIME(J)'(COUNT(K)'K=l,STUBES)
2800. IITRITE(6' 120)
2810. 13 D0 t5 K=I'TIMES
2820. rF(Trì,fES.LT. STUBES)G0T0 14
2830. WRrrE(6,117)DOSE(J),NO+K,COUNT(K)
2840. G0T0 15
2850. L4 I,{RrrE(6,I2r)DOSE(J),COUNT(K)
2860 " l2I FORÌ'ÍAT( ",20X,T5.2,14X,r 8)

2870. 15 CONITNUE
2880. CALL STÀT(TI],IES,COI]NT,TI}ÍE(J),AVG,DOSAVB(J),DOSESD,DOSECV)
2 890 . I^IRITE( 6, I I 8) D0SAVB ( J) 

'DOSESD 'DOSECV2900. rF(DOSECV.LT.5.)Goro I 7

29L0. r'rRrrE(6,119)
2920. CALL ERROR(TrMES, COIINT,DOSE(J) )
2930. rF(TrlrES.GT. r)GOT0 13
2940. 17 NO=NGì-3

2950. I^TRITE( 6,164)
2960. C

2970" C TABLE FOR BOUND COUNT : ELIMINATING INCONSISTENT DÀTA

Z> c;v" C = ===========
2990" C

3000. NU}ÍDOS=DOSNUM

3010. DO 19 J=I'NI}ÍDOS
3020. rF(DosE(J) .N8.0.)Goro 19

3030. DOSNIIM=DOSNUM-I
3040. D0 I 8 K=J rDOSl{lJM
3050. DosA\rI(K)=DOSA\II(K+1)
3060. DosÀvB(r()=DosAVB(K+1)
3070. 1 I DOSE(K)=DOSE(K+I)
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3080" L9 CONTINUE
3090" c
3100 " c
3110" C STANDARD CURVE INFORI'IATION
3120" c
3r 30. c
3140" A=B=C=D=o.
3 15 0. IITRITE (6 ,122)
3160" L22 FORMAT(',I" / / ,21x,',STANDARD CITRVE TMORMATTON" /,
3170. * 2Lx,26('=')r//,

3250" * ZIX,.%B (J) : (BOUND COUNT(J) / rOrAi, COUNT"
3260. 2\ ' (J)) X I0O"Á',9Xr, < FOR: J = I,.....rN ),,
3270" * //,ZIX,'XX (J) = LOG X 0F JrH OBSERVATTON.,//,

3180" *
3f90. ?t

3200" *
3210. *
3220. *
3230. *
3240. *

3280. *
3290. *
3300" c
3310. C

3380. *
3390. *
3400. *
3410. *
3420. *
3430. *

3540. *
3550. *
3560. *
35 70. A=A+XX(J) **2
35 80. B=B+YY(J) *XX(J)

21X,'DOSE = UNLABELLED TOXIN DILUTIONS ',
'(rN NG/ML)' ,/ /,

21X,'80 = %B OF NEGATIVE CONTROL',//,
21X,'X (J) = DSSE CSNCENTS¡TI6N 0F JTH ' ,

'oBSERVATTON (rN NG/ìÍL)' ,//,
zlx,'Y (J) = (%B (J) / nO¡ X f00Z',I6X,

21X,'YY (J) = LOGIT Y 0F JTH OBSERVATION',
10x,'< LOcrTY LN(Y/(100-Y)) >"//)

2lx,90('*') r / ,
2IX, (' *' ) r8ffi, ('. *' ), /,
2IX,'*' ,' DOSE I rOr¡r, COUNT I BOUND ',,

'couNT | "/"B I B/B0 l"' Locrr y I LoG x ','*'r/,
2IX' ('*'), 88('='), ('*') )

2rxr' *', ,F6.2,3xr', I 

" 
lxrF10.2 ,4xr', 1 

" 
lxrF10.2,

4xr' l" lxrF6"2r3xr', l 

" 
lxrF7.2r 3xr' 1"2xrF7. 4,

Zxr' l',2xrE7.4,2x,' *' )

3320. C STANDARD CURVE DATA
222^ Í\ -_-JJJV. U ---

3340. C

3350. I\TRITE( 6,I23)
3360. I23 FORMÄT('-"z1x,',STANDARD CURVE DLTA." f ,
3370. * 21X,19('='),////,

3440. D0 20 J=l rDOSNlDf
34s0. $B(J)=DOSAVB(J)/D0SA\rI(¡)*tOO.
3460. x(J)=DosE(J)
3470" Y(J)=$B(J)/80*r00.
3480. xx(J)=ALoG10(x(J) )
3490. YY(J)=LOGrr(Y(J) )
3500. HRrrE(6,L24)X(J),D0SA\rI(J),D0SAVB(J),$B(J),y(J),
35I 0" * YY(J),XX(J)
3520. I24 FORIÍAT(', 

"z}Xr',*"gX¡', 
1"2(15x,' l') 11oxr', 1"2(llxr', l.),

3530. * lrxr'*"f ,
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3590" C=C+YY(J)
3600. 20 D=D+xx(J)
3610. I\TRITE(6,L62)
3620. 162 FORMAT(' ' ,zOXr'*', 8&r'*' , / ,2!Xr90('*'¡ ',

3630. C

3640. C UNI^IEIGHTED REGRESSION : SL0PE AND INTERCEPT

3650" Ç --===:=================:======
3660" C

3670. S=(C*D-B*DOSNIM) /(DÈ*2-Ã*D0SNUM)
3680. rNT=(C-D*S) /FLOAT(DOSNIM)
3690. I^TRITE( 6,125)5,INT,INT'ABS(S)
3 7OO. T25 FORMAT(,-, , 2LX, ,U}MEIGHTED REGRESSION. , / ,
3710. * 21x,21('='),//,
3720. x 2lxr's = $LQPE = 

"F6.2r1/,3730. * 2]X,'INT: Y-INTERCEPT=',F6.2,///,
3740. * ?IX,'REGRESSION EQUATION : LOGIT Y =',F6"2,
3 750. * 3x,F6" 2,' X LOG (X)')
3760. I,IRTTE(6,142)rSrGN(1,rFrX(S)),BLK
3770. C

3 780. C

3790. C PLOTTING TITE STANDARD CURVE
a o^^ 

^ ---JCVU¡ tJ ---
3810. C

3820. WRrrE( 6,126)
3 830. 126 I'ORMAT( 'l' , / / ,zLX, 'STANDARD CURVE' , / ,
3840. * 2lxr14('=')r/,
3850. * ?IX,'VERTICAL = DOSE (LOG SCALE) = NG/ML',/,
3860. * TIX"HORIZONTAL = RESPONSE = LOGIT Y')
3870. I4RrrE(6,L27)
3 880. L27 FORIÍAT( '-"25X,'-3.2" 6Xr'-2.4" 6X,' -r -6" 6X,'-0. 8"
3890. * 7xr'0.0'¡TXr' 0.8'r TXr'1"6'rTXr'2-4' )

3900. hrRrrE(6,128)
3glo. I28 FORMAT(' ' ,27Xr' l' ,7(' o..." ....1') )
3920. C

3930. C

3940. C PLOTTING OF THE \TERTICAL AXTS :REFER TO DECLARATION

3950. C OF TI{E PROGRAM (UNDER TIIE COM}IAND ,DATA,)

3960. C

3970. M=l
3980. I^It{rLE(D0SE(M) .LT.LABEL(1) )D0
3990. M=M+l
4000. END I,IHILE
4010" D0 28K=1r7
4020. IF(K.EQ.7)Goro 21

4030. rNrvAL= (LABEL ( K+l) -LABEL (K) ) /¡'lOeT ( SPACE (K) )
4040. ISPACE=SPACE(K)
4050. 2I IF(K.EQ.7)INTVAL=O.
4060. DO 27 L=ITISPACE
4070. rF(K.EQ.7.AND.L.GT.1)GOTO 29

4 0 80 " DoSPo S=LABEL (K)+INTVAL*FL0AT (L- I)
4090. VECTOR=BLANK
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4100" c
41 10" C

4120" c
4130 " c
4L40.
4150"
416 0.
4L70 "
41 80. c
4190 " c
4200. c
4210. c
4220"
4230.
4240.
4250. 22 LOGITY=YY(M)
4260.
4270.
42 80.
4290.
4300.

PLOTTING THE STANDARD CURVE : CALCULATED POINT

LOGITY=S*AL0Gl 0 (D0SP0S) +INT
ISI=IFIX ( 41 . 5+LOGITY/0.0 8)
rF(rPT.LE.0)G0T0 25
VEC ( IPT ¡ ='* '

PLOTTING THE STANDARD CURVE : ACTUAL AND }îULTIPLE POINTS
========= ========

rF(ìf "GT.DOSNUM) GOTO 25
rF(DOsE(M) .GE.DOSPOS.AND"DOSE(M) .LE.DOSPOS+TNTVAL) GOTO 22
GOTO 25

4310. 23 VEC(IPT)='G'
4320. 24 ìl=If*I
4330. 25 rF(L"EQ" 1)GorO 26
4340. \^rRrrE (6,r29) VECTOR

4350. 129 FORMAT(' 

"25X,' 
-"^70,'-')

4360. G0T0 27
4370. 26 WRrrE(6,130)LABEL(K),VECToR
4380. 130 FORMAT(' 

"20X,15"2r' 
-"A70,'-')

4390. 27 COMINUE
4400. 28 COMINUE
4410. 29 I^TRITE(6,I28)
4420. I^tR.rrE(6,I31)
4430. 131 FORI"IAT( ' O' ,20X, 'SY¡ÍBOLS : * = ACTUAL POINT' , / ,
4440. * 32X,'* =CAJ-CULATEDPOINT',/,
4450. * 32X,'@ = MULTIPLE PT" <WI{ERE ACTUAL PT. ' ,
4460. * ' COINCIJ]ES I^IITH CALCULATED PT.> ' )
4470. C

4480. C

4490. C

4500. c
4510" C

4520. I,IRrrE( 6,t32)
4530. r32 FoRlf.AT( ' I' , / / ,21X, ',QUALTTY CONTROL STATTSTTCS ' ,

IPT=IFIX(4 I .5+L0GITY/0.0 8)

rF(rPT.LE.0)G0T0 25
rF(vEC(rPT) .NE. ")G0T0 23
VEC ( IPT) ='+'
G0T0 24

QUALITY CONTROL STATISTICS INFORI"IATION

, INFORMATION, , /,
2lxr38('=') r//,
21X,'N = NUMBER 0F DOSE VALIIES IN THE ',

,STANDARD CIIRVE', / / /,
2lX,'K = DEGREES 0F FREEDOM 0F REGRESSION"

4540. *
4550. *
4560. *
4570. *
4580. *
4590. * / / / ,zIX,',N-I = DEGREES 0F FREEDOM 0F TOTAL ',
4600. * ,VARIATIONS' ,/ / /,
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4630" * , ZIX''J = 1r....rN' ///,
4640. * 21X,'TSS = TOTAL SUM 0F SQUARES oF VARIATïON',
4650. x //,25X,'= SUMI"IATION ( (YY(J) - ( SUIû'ÍATION',

461 0. *
4620" *

4660" *
4670. *
46 80. *
4690. *
4700. *
4710. *
4720. *
4730. *

4760. *
4770. *
47 80. *
4790. *
4800. *
4810. *
4820. *
4830. *
4UO. *
4 850. *
4 860. *
4870. C

4 880. C

48,90. C QUALTTY COMROL STATTSTTCS
4900. c
491 0. C

zIX,' N-K-l= DEGREES 0F FREEDOM 0F ',
,UNEXPLAINED VARIATION, / / /,

'YY(J) / N ) )**2 ) '///,
2lX,'SSR = SLM 0F SQUARES 0F VARIATION ',

,EXPLAINED BY B.EGRESSION, ,/ /,
25X,' - S**2 X STTMMATTON ( (XX(J) - ( SI]M"

'MATIONXX(J) /N) )**2) '///,
2IX,'SSE = SIIM oF SQUARES OF UNEXPLAINED ',

,VARIATION, ,/ I,
25X,' = TSS - SSR')

2lX,',MSE = SSE / ( N-K-l )' ,/ / /,
zIx,'F = MSR / MSE' ,///,
2lX,'R**2 = COEFFICIENT 0F DETER',

'MINATION = SSR / TSS',/l/,
2IX,'R**2 X 1002 = PERCENTAGE 0F TSS ',

'EXPLAINED BY TtlE REGRESSION OE"//,
35X,',YY(J) oN X(J) ' , /l/,
2IX,' SEE (Y) = STANDARD ERROR ESTIMATE',

' 0F YY(J)' ,/ / /,
zIX,' SEE (S) = STANDARD ERROR ESTIMATE''

' OF THE SLOPE, )

4740. I^TRITE(6,156)
4750. 156 FORMAT ('-' ,20X,'MSR : SSR / K' , / / / ,

4920. TSS=SEES=SIIMXY=O.
4930. YYAVG=C/FLOAT (DOSNIM)

4940. XXÀVG=D/FLOAT (DOSNI]M)

4950. D0 30 J=l,DOSNllM
4960. SEES=SEES+(XX(J)-Ð(AVC¡ **2
4970" TSS=TSS*(YY(J)-YYAVG)**2
49 æ. 30 SU}Dff=SrDfXy+(Xx(J) -XXAVG) * (yy(J) -yyAVG)
4990" SSR=SEES*S**2
5000" SSE=TSS-SSR
5010. K=l
5020. MSR=SSR/FLOAT(K)
5 O3O. MS E=S SE/FLOAT (DOSNI]M-K- i )
5040. F=MSR/MSE
5050. N=SUMXY/SQRT(TSS*SEES)
5060. RSQ=SSR/TSS
50 70. RSQ100=RSQ*100.
5080. SEEY=SQRT(Ì.ISE)
5090. sEES=SEEY/SQnr(SneS)
5100. r^IRrrE(6,133)
51 10. 133 FORMAT('I' , / / ,zlK,',QUALrry CONTR0L STATTSTTCS', ,/ ,
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5120" * 21x.,26('='),////,
5130" * ?IX,,AOV TABLE. ,f,
5140. * 21xrt0('='),////"
5150" x 21X,60('x'),/,
5160" * ZlX,('*')15ffr('*'),/,
5170. x 2lX,'*' ,' SOURCE OF DEGREES 0F SllM ' ,

51 g0 " * 'oF MEAN' ,r4X,' *' , / ,
5190" * zLX,'*"' VARIATION FREEDOI'1 ' ,
5200. * ' SQUARES SQUARE F,,6X,'*"/,
5210. * ZlX, ('*') ,lX,56('=' ), lX, ('*') , / ,
5220. * ZlX,('*'),5&,('*') )
5230. I^tRrrE(6,134)K,SSR,MSR,F
5240. I34 FORMAT(",20X,' *"' REGRESSToN"6X,Î2,9X,86"2r4X,F6"2,
5250. * 5xrF6" 2,3X,'*' )
5260" C

5270. C QUAIITY COMROL STATISTICS : CIIECKING SIGNII'ICANCE OF F
528.0. C ===:======
5290" C

5300. READ(11,*)F001,F005,STiIDET
53i0. rF(F.LT.F001)GOTO 31
5320. I^TRITE ( 6, 135)
5330. 135 FORMAT('+',76X,',**"2(/ rzlxr(' *' ),5&, ('*') ) )
5340. G0T0 32
5350. 31 IF(F.GT.F005)I\E.ITE(6'136)
5360. 136 F0RMAT('+"76Xr'*"2(/,zLX,('x'),5ffi, ('x') ) )
5370. 32 I4iRITE(6' 137)DOSNIIM-K-1'SSE'MSE
5380. 137 FORMAT(' ' ,20X,'*' ,' DEVTATToN' ,7Y,rT2,9X,F6"2,4Xr86-2,
5390. * l!+x,'*"/,
5400. * ZlX, ('*') 15&, ('x') r/ ,
5410. * 21Xr ('*' ) , lxr 56('=') , lXr ('x') , / ,
5420. * 21X,('*'),5ffir('*') )
5430. I\TRITE(6'138)DOSNUM-I,TSS
5440. 138 FORI"IAT(' ' ,20X,'*' ,' TOTAI-',1lXrf2,9X,F6.2,24Xr'*' ,/,
5450. * 2lX,('*'),5&,('*'),/,
5460" x 2IX,60 (',*') )
5 470. I^IRrrE ( 6 , 139) K,D0SNIIM-K-1 , F005, K,D0SNUM-K- I , F001
5480. 139 FORMAT('-' ,2OXr'F(' ,r1r"' ,LLr".05) - ' ,F6.2rl/,
5490" * 21xr'F('rrl ,'r'rrlr'r.01) ='rF6.2r///,
5500. * 21X,'* : SIGNIFICANT AT 5% LEVEL' ,f,
5510. * zlx,'** : SIGNIFICANT AT l% LEVEL' ,/ / / / )

5520. \^TRITE(6' 140)
5530. 140 FORMÄT('-"LOX,',CORR. COEFF. R**2 1002 X R**2"
5540. * ' SEE(Y) SEE(S) 

"/,5550. x 21X,59('='))
5560. WRrrE(6,141)R,RSQ,RSQI00, SEEY,SEES

5570" 141 FORMAT (' O"20X,F8. 4,7N,F6.2,5X,F8.2,6X,F8. 4,3X,T8-4, / / )
5580. L42 FORMAT('+"59X,L2,T62,AI)
5590. 143 FoRlfAT('1',)
5 600. \,,IRITE ( 6 , 15 5) S-STUDET*SEES , S+STUDET*S EES

5610. 155 FORMAT('-"20X,'95% CONFTDENCE TNTERVAL FOR S = 
"5620. * F7.4r'<S<"87.4 )
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5630" C

5640. C

5650" C UNKNOI{N SECTION FOR TOTAL COUNT

5660. C

5670 " C

5680. WRrrE (6,144) CTOTAL
5690. r44 FORMAT('L' ,//,2lX,',UNIO{OI,iN SECTTON FOR ' ,Ã5,' COUNT"/,
5700. * 21X,31('='),//,
5 710. *
5 720. *
5 730" *

21X,',UNKNOI,IN DrLU"rrON SAMPLE N0. TrlfE 0F 
", SAMPLING COI]NT S "D. C.V.' , f ,

zLX,7I('=') )

r7x,15('.=',),//,
1ã,'UNKNOI^IN l lOr l OrlUrrOU I TOTAL I 

"'BoirND I %B I n/¡o I Locrr Y"/,
17X,72('=') )

5740. CALL TABLES(UNIC{OW,UTAVG,TOTPRD,TOTDIL,AVG,NOTHIN,LOTS)
s 750" c
5760. C

5770" C UNIANO\,IN SECTION FOR BOUND COUNT
E?O ^ ___J ¡W. U ---
5790. C

5 800. \^rRrrE( 6,144) CBOUND

5 810. CALL TABLES(UNKN0I^I,UBAVG,BNDPRD,BNDDIL,AVG,NOTHIN,LOTS)
5 820. C

5 830. C

5840. C TABLE FOR UNIO{OI^IN SECTION
5 850. C

5 860. C

5 870. I¡IRITE ( 6, 145)
5 880. 145 FORI,IAT ('I' , / / ,I7X, ',UNIÕìOI^IN SECTTON', , /,
5 890. *
5900. *
5910. *
5920. *
5930. I=MM=I
5940. DO 35 J=l,UNKNOtr^l
5950. IPERID=BNDPRD(J)
5960. ISTAR=O
5970. D0 34 K=IrIPERID
5980. IDILUT=BNDDIL(J)
5990. A=B=C=D=VDOSEX=0.
6000. Mrss=O
6010. D0 33 L=I,IDILUI
6020 . rF (NOTHrN (ìfl.f) . EQ . 0) GOTO 3 6

6030. rF(NOTHrN(MM) .EQ.r)GOTO 3 7
6040. 36 $BB=UBAVG(r) /utavc(r) *100.
6050. UY=$BB/BO*100.
6060" rF(uY.cE.100.)Goro 39
6070. YLOGIT=LOGIT(UY)
6080. ¡sç¡=(YLoGrr-rNT) /s
6090. I4TRITE(6,i46)J,LOTS(¡),2**(L_l),UTAVG(I),UBAVG(I),
6100. * $BB,UY,YLOGIT
61r0. 146 FORMAT('O"18Xr'000"T22,r2r3X,46,T35,'I: 

"T37rr2rT42,6720. * FL0.2,2X,F8.2,F8.2,rX,F8.2,lX,F8.2,zX,F8.2)
6130. GOTO 38
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6140. 39 \,lRrrE(6,I48)J,LOTS(J),2**(L-1),UTAVG(r),UBAVG(r),$BB,UY
6150" 148 FORMAT(' O',L9,'000',T22rI2'3X,A'6,T35,' lz',T37rT2,T42,
6i60" * Fr0"2,2X,F8"2,F8"2,lX,F8.2,5X,'**')
6L70" ABSENS=.TRUE"
61 80. ISTAR=ISTAR*I
61 90. I=I+l
6200. G0T0 33
6210 " 37 MM=MìÉ|-1

6220" MISS=MISS*I
6230" I=I+l
6240. GOTO 33
6250" 3 8 I=I+1
6260" )(L0G10=AL0G1O(32" /2**(L_I))
6270. A=A+XL0G10**2
6280. B=B+XLOGIO*YLOGIT
6290. C=C+YLOGIT
6300. D=D+XL0GIO
63I0. TF(L.EQ.1)DUIß[Y=K,0GI0
6320" 33 CONTINUE
6330" rF(A.EQ.0".AND.B.EQ"0."AND.C.EQ"0..AND"D"EQ"0")G0T0 40
6340. L=L-IÍISS-I
6350. y5=(f,*D-B:t (L-TSTAR) ) / (D**2-A)k (L-ISTAR) )
6360. v1¡1=(C-D*VS) /FLOAT(L-TSTAR)
6370. AJUSTY=VINT+VS?tDIIMMY
6380. VLOGX=_(rNT-AJUSTY) /S
6390. VDOSEX=10**VLOGX
6400. L\TRITE(6,150)VS 

'VINT'AJUSTY6410. 150 FORÌ'IAT('0',16X,'SAMPLE REGRESSION SLOPE =' ,I'8.4,/,
6420. * 17X,'SAMPLE REGRESSION INTERCEPT =',F8.4,
6430. * /,L7X,'SAÌ,ÍPLE ADJUSTED Y FOR 1:1 DILIIION =',
6440. * F8.4 )
6450. 40 WRrTE( 6,147) VD0SEX
6460. 147 FORMAT('O' ,I6X"CALCULATED DOSE = ' ,F7"4)
6470. 34 CONTINUE
6480. 35 CONTINUE
6490" I\TRITE(6,158)
6500" 158 FoRlfAT(",L6X,72('='¡ ¡7
6510. rF(ABSENS)WRrTE(6,r49)
6520. 149 FORI'ÍAT('',I6X,'**: -- Y> 100 ---->Y /(100-Y)',
6530. * ' IS NEGATIYE, ,/ " 2TX,,LOGIT Y CANNOT"
6540. * ' BE CALCULATED ----> NO TOXINS , )
6550. t^rRrrE( 6,160)
6560. 160 FORMA.T(',1',)
6570. .STOP ; END

65 80. C

6590. C

6600. c
66I 0" C ******************************************************
6620. C *FUNCTIONLOGIT: LOGITY LN( \l(100-Y) )*
6630. C *******************************)t**********************
6640. C
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6650. C

6660" REAL FUNCTION LOGIT(Y)
6670. L6GrT=ALgc(y/(100"_y) )
6680" RETIIRN ; END

6690" C

6 700" c
6710" C ***********************
6720" C * *
6730"C*SUBROUTINES*
6740" C * *
6750" C ***********************
6760. C

6770. C

6 780. C

6790" C STATISTICS SUBROUTINE -- RETI]RNS TIIE FOLLOWINGS :
t o^^ I ---() OUU. v ---
6810" C

6820" C lfEAr\ STANDÀRI DEVIATION COEFFICIENI 0F VARIANCE

6 830. C

6840" SUBROUTTNE STAT(N,DATA,TTME,BKGAVG,AVG,SD,CV)
6850. TNTEGER DATA(I0)
6 860. SIIMX=SIIMSQX=0.
6870. D0 I J=l,N
6 880 " SIrMX=SUMX*FLOAT(DATA( J) ) /rm¡-nrCeVC
6 890. I SIIMSQX=SIIMSQX+(FLOAT(DATA(J) ) /rru¡-nrGAVG) 'ç*26900. AVG=SUMX/FLOAT(N)
6910. rF(N.LE.l)Gor0 2

6920. SD=SQRT((N*SUMSQX-SIMX**2)/l'i-Oerlli*N-N))
6930. CV=SD/AVG*100.
6940. RETIIRN
6950. 2 SD=CV=O.
6960" RETURN ; ENID

6970. C

6980. c
6990. c *******************************************************
7000. C tktrlHEN CV > 5%, CONIROL I^IILL TRÀNSFER HERE T0 ELII'IINATE*
7010. C *THE IJATA WITH THE LARGEST DIFT'ERENCE FROM THE REST. *
7020. C *IF MORE THAN ONE DATA REMAINS, THE REMAINING DATA *
7030. C *tr{ILL THEN BE TA}GN BACK FOR FURTHER RE-TESTING. *
7040. C * ******* * *** ****** *** *** *** *** *** ** **** *** ***?k** *** ****
7050. c
7060" SUBROUTINE ERROR(N,DATA,DOSE)
7070. TNTEGER oUT,DATA(10)
7080. REAr DrFF(10),RDATA(10)
7090. T0P=-999999.
7f 00. SIJMX=O .
7110. D0 I J=lrN
7120. RDArA(J)=FLoAr(DATA(J) )
7130. I SIIMX=SUI'ÍX*RDATA(J)
7140. AVG=SUMX/FLOAT(N)
71 50. D0 2 J=l rN
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7160" DIFF(J)=ABS(RDATA(J)-AVG)
7170" rF(DrFF(J).LE"TOP)G0T0 2

71 80" TOP:DIFF(J)
7190. oûI=J
7200" 2 CONTINUE
7210" DÀTA(oUT)=DArA(N)
7220. N:N-l
7230" rF(N.EQ.1)DoSE=0.
7240. RETIIRN ; END

7250. C

7260. C

7270. C SUBROUTINE TABLES -- CONSTRUCT A TABLE FOR THE TOTAL AND

72æ. f, -=-========= BOUND COUNTS IN THE UNKNOWN SECTION
7290. C

7300. SIIBROI_nrNE TABLES(N,MEANS,PERIOD,DILUTE,AVG,NOTIÌIN,LOTS)
73r0. c
7320. TNTEGER TUBES,PERIOD(20),COUNT(10),DILUTE(20),NOTHIN(10)
7330. CHARACTER LOT*6,SAMPTM*16,LOTS*6(20)
7340. REAL TTME(10),t"tEAl'rS(50)
7350. I:MM=I
7360. DO 4 J=l,N
7370. READ(II,101)DrLUrE(J),pERrOD(J),LOT
7380. 101 FORIfAT(r2,LX,r2,lX,A6)
7390. LoTS(J)=LOT
7400. IPERID=PERIOD(J)
7410. DO 3 K=I,IPERID
7420. READ(11, I02)SAMPTM
7430. I02 FORMAT(A16)
7440. IDILUT=DILUTE(J)
7450. DO 2 L=I,IDILUT
7460. READ(1I,*)TlIßES,TIME(L),(COUNT(M),M=l,TUBES)
7470. rF(TUBES"EQ.0)GOTO 5

74 æ. I,üRrrE ( 6 , 103) J, 2** (L-1) , LOT, SAM?TM

7490. 103 FORMAT('0',22Xr'000',T26,I2,T33,' Iz',T35rT2rT45,A6,
7500. * T60,A16 )
751 0. DO I l{= I , TUBES
7520. I WRrrE(6,104)C0UNT(M)
7530. 104 FORMAT(' 

" 
70X,r6)

7540. CALL STAT(TUBES,COIJNT,TI}fE(L),AVG,MEANS(I),SD,CV)
7550. r{RrTE(6,105)MEANS(r),SD,CV
7560. coro 6

7570. 5 NOTHTN(MM)=r
75 80. MM=Ìflf*l
7590. 6 I:I+1
7600. 2 CONTINUE
7610. f05 FORMAT('0',55X,'AVG (CPll) =',F10.2,1X,F7.2,2X,F5.2)
7620. 3 CONTTNUE

7630. i^iRrrE(6,I06)
7640. 106 FORÌ'ÍA.T(',0', , ?0X, 7l(',-',) , /)
7650. 4 CONTINUE
7660. RETURN ; ENID

7670. $ENTRY
7680. /*
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Appendix

the same

29

AS

Appendix 28 (Contrd)

The following sectíons in the computer outPuts ' Presented in

- 32 (inclusive), v¡ere excluded since they were essentially

those presenËed in the output ín this Appendix (Appendix 28).

STANDARD CURVE INFORMATION

QUALITY CONTROL STATISTICS INFORMATION

Computer output on the radioimmunoassay of staphylococcal

enterotoxin tt4tt in the bacterial dialysates is presented as follows :

RUN INFORMATION

DATE OF RADIOII"fl'ÍUNOASSAY

STAPHYLOCOCCAL ENTEROTOXIN

TYPE OF llNKNOI^iN

N0. OF I]NKNO\^INS

NO. OF TIIBES/UNKNOWN DfLIN

STANDARD INFORI"IAT ION

NO. OF

NO. OF

NO. OF

NO. OF

NO. OF

NO. OF

BACKGROI]ND TUBES IO

TIIBES (PIPETTING ERROR) IO

MAX]MUI'Í TOTAL TUBES - 3

MAXIMUM BOI]ND TUBES - 2

STANDARD DOSE VALIIES _ 6

TUBES/STANDARD DOSE VALUE- 3

2219/L97s.

A

BACTERTAL D]ALYSATES

3(POSITIVE RNSULTS ONLY)

2
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BASELINE STANDARD S

TYPE TUB E C OUNT

BACKGROUND

AVG ( CPM

TOTAL (PIPETTING ERROR ESTIMATION)

AVG (

PIPETTING

5 r 640
51107
499 B0
51116
50959
512 80
47755
5 2029
5r736
52402

102000.

sQRr I (s.r.

STD.DEV"

2633. 88

AVG) I /¡vc

C"V.

2.5 8

L00"/" = 2.5 67"

1.05

0.05

20 .50307"

J

3
5

3
7

6

9
2

2
47.00

i
2
3
4
5
6

7

8

9

10
) 24.52 52"I7

I
2
3
4
5
6
7

8

9

10
cPM )

ERROR

70

xx2

MAXIMUM TOTAL

AVG ( CPM

MAXIMUM BOUND

AVG ( C Pttt

B0 = (AVG MAX

s047t
51107
51536

102029.00 r070"92

1"31

x r 007"

1

2

3

)

t
2

)

BOUND

20954
20978
209t 9 .00 I

AVG MAX TOTAL)
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DOSE TUBE TOTAL COUNT

51640
51017
5L795

L02921.00

47966
t+62I8
s3004

98078.31

47966
46218

94137.00

52402
50876
5r736

103295.60

49980
51116
50959

10r323"00

5r280
5 L209
4 6903

99s47.63

51280
5 t209

t02442.00

477ss
51527
52029

S.D. C.V.

822 "92 0" 80

7046 " s9 7 "l B *)tREJECT**

247t.26 2.63

I528.87 r.48

L232.L 7 L"22

50I3 "29 5.04 **REJECT,t*

101"19 0.10

0.3r
0.31
0.31

AVG

0"63
0.63
0.63

AVG

0.63
0"63

AVG

r "25
r .25
L .25

AVG

2 .50
2.50
2 .50

AVG

5.00
5"00
5.00

AVG

5.00
5.00

AVG

I
2

3
CPM

4
5
6

CPM

CPM )

7

8

9
CPM

10
11
T2
CPM

13
T4
15
CPM

CPM )

10.00 16
10.00
10 " 00

T7
18

AVG ( Cpl.r ) = t 00 82 7.00 467I.56 4 .63
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STANDARD CURVE BOUND COUNT DATA

DOSE TUB E BOUND COUNT S "D " C.V"

0"31
0.31
0.31

AVG

0.63
0.63
0.63

AVG

r .25
I .25
I "25

AVG

t"25
r"25

AVG

2.50
2 .50
2 .50

AVG

5.00
5.00
5"00

AVG

10.00
10.00
10.00

ÀVG

1

2

3
CPM

4
5

6

CPM

7

8

9

CPM

CPM

10
11
t2
CPM

13
I4
15
CPM

16
t7
I8
C P}I

r6862
r6270
r7456

16815"66

r449 I
r 4465
14503

r444r.66

II842
11336

9936
10991.00

rt842
11336

11542.00

7684
79 64
8156

7887.66

6002
6168
s648

5892.33

43 70
4508
4472

4403.00

592 "9 4 3"53

r7"28 0.r2

987.32 8"98** REJECT **

35 7 . 7 7 3.10

23 7 .32 3.01

265 .5 7 4.5r

7L .52 r .62
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STANDARD CURVE

VERTICAI = DOSE (LOG SCAIE) = NG/ML
HORIZONTAL = RESPONSE = LOGIT Y

0"3r -

0.63 :

1.25 -

2.50 -

5.00 :

10. 0o :

20.00:

-3"2 -2"4 -1.6 -0"8 0.0 0"8 i.6 2.4
1".".'.n."1."""'no.o1""..'.ono1."""'no.o1""..'ooonl""."'-..o1....'..""1

+*

T

¿

*+
¿

*-
*

¿

J

¡
+*
&

J

J

&

+*
*-

*-
*-

+*

*-
*-

*-
*-

*-
*+
*-

*-
*-

*-
*-

*-
*-
*-

f..".'....1....'....1""..'....1""..'o---1....'--n-1..."'o-n.1."".'"-..1
SYMBOLSi *=ACTUALPOINI

* = CALCULATED POINI
@ = ìÍULTIPLE PT. <I{IIERE ACTUAL PT. COINCIDES WITH CALCULATED PT.>



2BB

QUALITY CONTROL STATTSTICS

AOV TABLE

* ************ *************** ** ** ** *** *** *** *** *** ********* **
¿

* SOURCE OF DEGREES OF SI]M OF MEAN* VARIATION FREÐOM SQUARES SQUARE F ** ================================== ============= *
¿^** REGRESSION 1
*
*
* DEVIATION
*

5"79

0. 13

s .79

0.03

I7I" 73*x x

!

*
i =-====:=====:==========:= ============= :!
¿^*

5 5"92* TOTAL
*
* ** ** *** *** **** ***************** **** ** *** **** ** * *** *** ** ****
F(1'4'.05) = 7.71

F(l'4'.01) = 2I"20

*
*

*
:t*

: SIGNIFICANT AT 5Z LEVEL
3 SIGNIFICANT AT L"/" LEVEL

CORR. COEFF. R**2 I00z x R**2 SEE(Y) SEE( S)

-0.9 886 0.9 8 97.72 0.i836 0"t457

952 CONFIDENCE INTERVAL FOR S = -2.4t8t< s < -1.3999
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QUALITY CONTROL STATISTICS INFORMATION

N = NI]MBER OF DOSE VALIJES IN THE STANDARD CURVE

K = DEGREES OF FREEDOM OF REGRESSION

N-l = DEGREES 0F FREEDOM 0F TOTAL VARIATIONS

N-K-I= DEGREES OF FREEDOM OF UNEXPLAINED VARIATION

J = 1r....,N

TSS = TOTAL SIIM OI' SQUARES OF VARIATTON

= srlft"fATroN ( (yy(J) - ( sulo.rATroN yy(J) / ¡l ) )**2 )

SSR = SIJM OF SQUARES OF VARIATION EXPLAINED BY REGRESSION

- s**2 x sijlo,rATroN ( (xx(J) - ( srnflfATroN xx(J) / N ) )**2 )

SSE = SUM OF SQUARES OF UNE)GLAINED VARIATION

= TSS - SSR

MSR =SSR/K

MSE =SSE/(N-K-I)

F =MSR/MSE

R**2 = COEFFICIENT OF DETERMINATION = SSR / TSS

R**2 X LOO% = PERCENTAGE OF TSS EXPLAINED BY THE REGRESSION OF

YY(J) 0N x(J)

SEE (Y) = STANDARD ERROR ESTIMATE OF YY(J)

SEE (S) = STANDARD ERROR ESTII.ÍATE 0F THE SLOPE
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I]NKNOI^IN SECTION FOR TOTAL COUNT
:========

UNKNOWN DILUTION SA}ÍPLE NO. TIME OF SAMPLING COUNT S"D. C"V.
==== === ===========

0001 1: 1

0001 1.',)

0001 I: 4

0001

0001 1:16

N0. 7

N0. 7

N0. 7

NO" 7

NO. 7

51002
5L578

AVc (CPM) = 102533.00 810.81 0"79

51060
50947

AVc (CPM) = i01960.00 1s0"09 0.1s

510 85

50367
AVG (CPM) = 101405.00 1013"95 r.00

51843
500 79

AVG (CPM) = 101875.00 2493"95 2-45

51 165
50 809

AVc (CPM) = 101927.00 499.86 0.49

0002

0002 1: 2

0002 1: 4

0002 1: 8

0002 l:16

NO. I3

N0. 13

NO. 13

NO. 13

N0.13

AVG (CPM)

AVG (CPM) =

AVG (CPM) =

AVG (cPM) =

50593
5061 1

i0r157.00 0"00 0.00

50 89 7

52750
103600. o0 2620.09 2.53

4763L
47523

95107.00 L35"76 0.14

51822
5T237

103006.00 834.46 0" 8I

50624
50521

.5 2 310

102256.30 2007.60 1.96AVG (cPM) =



29r

TII']KNOI,IN SECTION FOR TOTAL COIINT (CONI,d)

ooo3 1: 1 No- 4 50217
st342

Àvc (cPM) = 101512.00 1589" 73 r"57

0003 1: 2 N0. 4 4950I
5r978

AVG (Cplf) = 101432"00 3502.2L 3-45

0003 1: 4 NO. 4 50268
47646

AVG (CPM) = 97867.00 3707"58 3"79

OO03 1: 8 N0. 4 50688
506r 5

AVG (CPM) = 101256.00 90"51 0.09

0003 1:16 N0" 4 50410
504 84

AVc (cPM) = r00847.00 101.19 0.10

ooo3 rz32 NO. 4 49970
52744

AVc (CPM) = t02667.00 3922.58 3-82

:=====:=====:=::======

UNKNOI ¡] SECTION FOR BOUND COUNT

========:

:Y:ï==:l::l:i==:ï:::=11===lïl=::=:Ï::T:===:::Y===l =l====:!=l=

0001 t: I NO. 7 2540
2288.

AVG (CPM) 2367.00 I 78.19 7-53

O00t t: 2 NO. 7 2686
AVG (CPM) 2639.00 0.00 0-00

0001 1: 4 NO. 7 3298
AVG (CPt{) 3251.00 0.00 0"00

0001 1: 8 N0. 7 4420
4364

AVG (CPlf) = 4345.00 39.40 0.91

0001 I:16 N0. 7 5656
6 0s6
5 990

AVG (CPM) 5 853.66 214.46 3-66
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UNIC{O\^IN SECTION FOR. BOUND COUNT (cont'd)

0002 1: I

0002

0002

0002

0002 16

N0"13

N0" 13

N0. 13

N0. t3

N0. 13

AVG (CPM) =

AVG (CPM)

AVG (CPM)

AVG (CPM) =

AVG (CPM) =

22L2
2233

2175"50

3820
3 899

3812.50

514 8

5236
514s.00

8.332
8326

82 82.00

11203
10937

I 1 023. 00

14"70 0"68

s5" 79 L "46

62"I0 r.2L

0.00 0"00

r87"96 1.71

0003

0003 1: 2

0003

0003 1: B

0003 l:16

0003 Iz 32

N0. 4

N0. 4

N0. 4

N0. 4

NO. 4

N0. 4

AVG (CPM)

AVG (CPM) =

AVG (CPM) =

AVG (CPM)

AVG (CPM) =

AVG (CPM) =

7 873
7684
7642

76 86.00 r22"90 I " 60

82 89
8332

82 63. 50 32 .00 0. 39

r1350
I 1213
100 83

10 835.00 695.34 6.42

150 75

153I B

t6L57
t5469.66 567.64 3.67

r7730
T7T23
t7693

r7468.33 340. l0 1.95

r9974
19764
19B90

19829.00 105"32 0.53
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Appendix 29 (c.f. Appendíx 28)

Computer programming on the data obtained ín the so1íd-phase

radioimmunoassay of staphylococcal enterotoxin C ín-bacterial dia-

lysates r¡/as essenËially the same as that presented in the prevÍous

Appendix (Appendix 28).

Computer output on the radioimmunoassay of staphylococcal

enterotoxin C in the bacterial dialysates is presented as follows :

:ï=l:::Yll::

DATE OF RADTOT"frIUNOASSAY - 2219.1L97 5.

STAPHYLOCOCCAL ENTEROTOXIN - C

TYPE OF UNKNOI^]N - BACTERIAL DIALYSATES

NO. OF UNKNOWNS - 3(POSTTTVE RESULTS ONLY)

NO. OF TUBES/UNKNOWN DILIN _ 2

STANDARD INFORMATTON

NO. OI' BACKGROUND TUBES -10

NO. OF TIIBES (PIPETTING ERROR) IO

NO. OF MAXIMUM TOTAL TUBES - 3

NO. OF MAXIMUI'Í BOi]ND TTIBES 3

NO. OF STANDARD DOSE VALUES _ 6

NO. OF TUBES/STANDARD DOSE VAIUE - 3



BASELINE STANDARDS

C.V.

27"43

295

= ¿o¿L/o

AVG ( CPM

B0 (AVG I'ÍAX

TUB E

1

2

3

)

BOUND

STD.DEV"

L3.T7

2874"r0

AVG) I /AVG

5 81 .90

376"93

TOTAL) X LOO%

TYPE

BACKGROUND
1

2

J
4
5
6

7

8

9

10
AVG ( CPM )

TOTAL (PIPETTING

I
2

3

4
5

6
7

I
9

10
AVG ( CPM )

PIPETTING ERROR =

MAXIMUM TOTAL
1

2

3
AVG ( CPM )

MAXIMUM BOUND

C OUNT

7

4
6

6

4

3

5
5

3
5

4 8" 00

ERROR ESTIMATION)

626 72
62754
639 20
64475
66tr2
62990
62530
64979
6s006
664r4

128370.30

SQRT I (s.o .xx2

63405
63 402
62899

t26422 " 60

2r592
21347
220 87
21627 " 33

/ AVG MAX

2"24

X IOO%

0.46

r"74

I7.t072%



296

STANDARD CURVE TOTAL COUNT DATA

DOSE TUBE TOTAL COUNT S.D. C.V"

0.31
0.31
0.31

AVG

0.61
0"61
0.6r

AVG

r .25
r "25
r .25

AVG

2.50
2"50
2"50

AVG

5 " 00
5"00
5.00

AVG

10"00
r 0. 00
10.00

AVG

I
2

3

CPM

4

5

6

CPM

7

8

9

C P}f

10
l1
I2
CPM

13
T4
15
CPM

16
I7
18
cPM )

626 72
62754
664t4

r27845"30

6476r
6s4s6
64340

r29656"60

639 20
6 72I0
66308

r31577.30

64475
64557
64979

r29292.60

66TT2
62990
65006

r29357 "30

62530
5999 8

s9883
121559"30

4274"76 3"34

Tr25"62 0. B7

3399.44 2.5 8

543.06 0.42

3L66"54 2"45

2990"93 2.46
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STANDARD CURVE BOUND COUNT DATA

DOSE TUB E BOUND COUNT S.D " C.V.

0"31
0.31
0"31

AVG

0"6r
0.61
0.61

AVG

r"25
r"25
r"25

AVG

2.50
2.50
2"50

AVG

5.00
5.00
5 " 00

AVG

10.00
10.00
10.00

AVG

10.00
10.00

AVG

I
2
3

CPM

4
5

6

CPM

7

8

9
CP}{

10
l1
T2
CPM

13
L4
15
CPM

i6
T7
18
CPM )

CPM )

20081
I9737
L9290

19654"66

15781
15816
15580

t5677.66

11809
11884
I I1 82

1r577.00

93 81
8799
8778

893 8.00

5961
s769
6t 45

5910.33

3031
3084
3 426

3r32"33

3031
30 84

3009.50

396"4r 2"02

t26"83 0. 8l

385.33 3"33

342.23 3. 83

188.0 7 3.18

2t4.40 6 " 84** REJECT **

37.52 t .25
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STANDARD CIIRVE

VERTICAL = DOSE (LOG SCAI,E) = NG/ìfl-
HORIZONTAL = RESPONSf, = LOGIT Y

-3"2 -2"4 -1"6 -0.8 0.0 0.8 1"6 2"4
1..".'ooool."..'ooool""""'.no.1."".'oonol."""'.oo.1""""'ooonl..""'".""1

0.31 -

0.63 :

r.25:

2.50 -

5.00 :

10. 0o :

20.00 - * -
| ....' ....1 ....' .... | ....'....1 ....' .... | ....' ....1 ....' ....1 . - -.' . -. -l

SYMBOLS 3 * = ACTUAL POINT
* = CALCULATED POINT
G = }IULTIPLE PT. <I,THERE ACTUAL PT. COINCIDES I,IITH CAICULATED PT.>

^f
¿

¿

¿

r¿i
¿

¿

¿

&

¡
&

&

+*-
J

*-
&

¡

tà-g
¡

&

*-
^-r¡

&

¿

€-
*-

*-
¡

¡
&

¿

*-



300

QUALITY CONTROL STATISTICS

AOV TASLE

* ******* ****** ****** ********* *** ****** * ** ****** **** ** ******:t
**
* SOiIRCE OF
* VARIATION

* REGRESSTON
*

* DEVIATION
+

* TOTAL
*

DEGREES OF

FREEDOM

Slnf 0F
SQUARES

9"58

0"28

MEAN *
SQUARE F *

9.s8

0.07

135"66** *
*
*
*

?k

9. 87

F(I,4,.01) = 2L.20

*
&J

: SIGNIFICANT ÀT 5% LEVEL
: SIGNIFICANT AT 1Z LEVEL

CORR. COEFF. R**2 l00z x R**2 SEE(Y) SEE (S)

-0.9 856 0.97 97.r4 0. 265 I 0 " 2101

952 COMIDENCE INTERVAL FOR S = -3. 1 812< S < -1 " 7127
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UNKNOI',IN SECTION FOR TOTAL COUNT

UNKNOI^IN DILUTION SA}ÍPLE NO. TIME OF SAMPLING COUNT S"D" C"V.
=========

0001 1: 1 NO" 4 67L83
65838

AVG (CPM) = L329 73.00 1898"55 I"43

64267
62620

AVG (CPM) = t26839.00 2328"76 1"84

66396
65820

AVG (CPM) = 132168.00 809.54 0.61

67642
63894

AVG (CPM) = 131488.00 5299.26 4"03

66395
65 873

AVc (CPM) = 132220.00 724.08 0.55

6529r
64720

AVG (cPM) = 129963.00 805.74 0.62

0001 1: 2 NO" 4

0001 N0. 4

0 001 1: 8

0001 1:16 N0. 4

0001 lz32 N0. 4

N0. 4

0002

0002

0002

0002 1: 8

0002 1:16

N0. 13

N0. 13

NO.T3

NO. I3

NO. I3

6T7T7
6r039

AVG (CPM) = 122708.00 957.86 0.78

62887
62037

AVG (CPM) = 124876.00 1200.75 0.96

6t629
60898

AVG (CPM) = 122479.00 1030.98 0.84

6 7034
667L0

AVG (CPM) = 133696.00 443.40 0.33

64s00
63094

AVG (CPM) = 127546.00 1987.61 1.56

62684
62646

AVG (CPM) = 125282.00 0.00 0.'00

0002 Iz32 NO. t3
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0003

0003 l: 2

0003

0003

00ù3 1:16

0003 lz32

0001 l: i

0001

0001

0001

0001 I:16

NO" 7

N0" 7

N0" 7

N0" 7

NO; 7

NO. 4

N0. 4

N0. 4

N0. 4

AVG (CPM) =

64L38
62456

r26546 "00

69251
69273

138476.00

67141
676t0

0.00 0" 00

AVG (CPM) 2378"36 I " 88

AVc (CPM) = t34703"00 677"31 0"50

63925
63964

AVG (CPM) = L2784r.00

65740
66904

AVG (CPM) = 132596.00

673L6
652r9

AVG (CPM) = 132487.00

0"00 0.00

r649 "16 r.24

N0. 7

2963"41 2"24

=============:============= =========

UNKNOI{N SECTION FOR BOUND COI]NT

UNKNOI\ÏN DILUIION SAIÍPLE NO. TI}IE OF SAMPLING COI]NT S .D. C.V.

N0. 4

AVG (CPM)

227 86
23461

23075.50

22320
21367

21795 .50

23261
22718

AVG (CPM)

AVc (CPM) 2294r.50

23 895
2470t

AVG (CPM) = 24250"00

23i5 8

23067
AVc (CPM) 23064.50

22407
22557

AVG (CPM) = 22434.O0

477.r9 2.07

6 73. 81 3.09

3 83.50 t.67

569.74 2.35

62.99 0.27

0001 l:32 NO. 4

t04.92 0.47
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0002

0002

0002

0002

0 002 1:16

0002 Lz32

N0" 13

N0. 13

N0. l3

N0. 13

N0" 13

N0. 13

AVG (CPM)

AVG (CPM) =

AVG (CPM)

AVG (CPM)

AVG (CPM)

AVG (CPM) =

24803
24270

24488"50 376" 77 r "54

2r9 76

22360
22120.00 27t"29 I.23

2307t
23463

232L9.00 277"13 1.19

23557
23209

23335.00 246"06 1.05

24022
2393 8

23932.00 57"69 0"24

24109
22234

23123.50 i325.78 5"73

0003 I: 1

0003

0003

0003

0003 1:16

0003 l:32

N0. 7

NO. 7

N0. 7

NO. 7

N0" 7

N0" 7

AVG (CPM)

AVG (CPM)

AVc (CPM) =

AVG (CPM)

AVG (CPM) =

AVG (CPM) =

s9 86
6107

5998.50 85.51 r.43

9 7t4
9785

9701.50 50.60 0.52

11084
I1812

1 1400.00 5L4.74 4"52

r5811
15086

15400.50 5r2.62 3.33

204r2
20072

20194.00 240"00 1.19

239 Bt
23279

235 82.00 496.26 2. 10
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Appendix 3 0 (c. f. Appendix 28)

Computer programming on the data obtaíned in the radioimmuno-

assays of staphylococcal enterotoxin A ín the cheese samples \¡¡as

essentially the same as that presented in Appendix 28. Changes'

however, were made in three sectíons as listed belor¡ :

1. In the tt Declaration of the Program tt :

DATA LABEL/ 0.63,L.25,2.5,5. 0,10 .0,20.0,40.0 l,
* SPACE/7,8,7,7,8,7,Lf ,* CTOTAL/ | TOTAL' / , csouND/ 'BOUND' / ,* BLANK/ I

o '1,* ¡LK/r ,/,
* roNE/l/

2. In the sectíon of setting up a table for the unknovm samples :

C TABLE FOR IINKNOIIIN SECTION
C

C

241 r^rRrrE(6.145)
242 145 FORMAT('L' , / /,8X, 'ITNKNOI^rN SECTTONT , /,

* Bx,ls(r=r),///,
* BX, 'IINKNOI,IN I SAMPLE I DILUTION I ' ,
* 'TOTAL I BOI]ND I %B I B/BO I 

"* 'LOGIT Y I DOSE(X) 

"/,* 9X,94 (r: t ¡ )
I=MM=INUM=1
D0 35 J=I,UNKNOtr^I
IPERID=BNDPRD (J)
DO 34 K=I,IPERID
IDILUT=BNDDIL (J)
D0 33 L=I,IDILUT
$BB=UBAVG ( r) /urevc ( r) xroO
irY=$BB/80?i100
rF (irY. GE. 100. ) GOTO 39
YLOGIT=LOGIT (IlY)
LOGX=(YLocIT-INT) /S
D0sEX=10**LoGX
\^]RITE (6,T46) INI]M, LOTS (J) , SAMPTS (J, K) ,L,UTAVG (I) , UBAVG(I) ,

$BB,IIY, YLOGTT, D0SEX

243
244
245
246
247
248
249
250
25L
252
253
254
255
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Appendix 30 (contÍnued)

256 L46 FORMAT (' 0' , 9X, ' 000 | ,TL2,r2,4X,A5, A16, T39, ' 1 : ' , T4L,T2 ,T46,* Fl-}.2,lx,FB.2,T8.2,ZX,FB.2,lX,FB .2,LX,F8.2)
257 GOTO 38
258 39 hIRITE(6,148)INIJM,LOTS(J),SAMPTS(J,K),L,UTAVG(I),UBAVG(I),

* gBB,IJy
259 148 FORMAT(t0"9X, r000"TLz,r2,4X,A5,A16,T39,'1: 

"T4L,T2,T46,* FL}.2,1X,F8.2,F8.2,2X,F8.2,7X,'x:tt ¡
260 ABSENS=.TRUE.
261 38 I=I*l
262 INIIM=INIIM+I
263 33 CONTINUE
264 34 CONTINUE
265 35 CONTTNUE
266 I\TRITE(6,158)
267 158 FORMAT ( '0 

" 
7X,94 ( '=' ) )

268 rF(ABSENS)WRrrE (6,L49)
269 L49 FORMAT('0"7X,r** : -- y 100 ---> y I (100-y) rS"

* r NEGATTVET,/,
* 13X, ILOGIT Y CANNOT BE CALCULATED -_--Þ NO 

"rk TTOXINST )
27 0 I^TRITE ( 6, 160)
27L 160 FORMAT('1')
272 STOP ; END

3. In Ehe section of subroutíne tables :

C

C SUBROUT]NE TABLES : CONSTRUCT A TABLE FOR THE TOTAI AND
BOIIND CO1INTS IN THE UNKNOI\rN SECTION

C

C

3I2 SUBROUT]NE TABLE S (N , MEANS , PERIOD , DILUTE , AVG , NOTHIN , LOTS ,* SAMPTS)
313 TNTEGER TUBES,PERTOD(20),COUNT(10),DTLUTE(20),NOTHTN(10)

C

3L4 CHARACTER LOT*6,SAMPTMX16,10T5*6(20),SAMPTS*I6(20,7)
315 REAL TrME(rO),MEANS(5O)

C

316 I=MM=INIJM=I
3l-7 DO 4 J=l,N
318 READ(11,101)DTLUTE(J),PERTOD(J),LOT
319 r01 FORMAT(r2, lX, 12,1X,A6)
320 LoTS(J)=¡s1
32L IPERID=PERIOD(J)
322 DO 3 K=I,IPERID
323 READ(11,102)SAMPTM
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Appendix 30 (continued)

324 L02 FORMAT(416)
325 SAMPTS(J,K)=SAMPTM
326 IDILUT=DILUTE(J)
327 DO 2 L=I'IDILUT
328 READ (rl, *) TiIBES, TrME (L) , (COilNT (M) ,M=l, TUBES)

329 rF(TUBES.EQ.0)GorO 5

330 I^iRrrE(6,103)TNUM,L,LOT,SAMPTM
331 103 FORMAT('0" 22X,t000r,T26,T2,T33, t1: 

"T35,12,T45,46,T60,416)332 INill'l=INUM*1
333 DO 1 I4=1,TUBES
334 1 r{RrrE (6,104) COIJNT(M)
335 r04 FORMAT( | ' ,70X, 16)
336 CALL STAT(TUBES,COIINT,TIME(L),AVG,MEANS(I),SD,CV)
337 I,JRrrE(6,105)I'IEANS(r),SD,CV
338 GOTO 6
339 5 NOTIIIN (Ml'l) =I
340 MM=ìßt+l
34L 6 I=I*1
342 2 CONTINUE
343 105 FORMAT('0"55X,'AVG (CPM) ="F10.2,LX,T7.2,2X,F5.2)
344 3 CONTINIIE
345 IITRITE(6'106)
346 106 FORMAT( | Or ,20X,71('-') , /)
347 4 CONTINUE
348 RETURN ; END

349 $ENTRY
350 lx

Additional changes, however, \,üere made in each of the followíng three

programs :

f'or cheese samples at the rvarious manufacturing stagesr :

DECLARATION OF THE PROGRAM

TNTEGER IJNKNOI^I,UTUBES, STUBES, BKNUM, TUBENO, NSAI'IPL, TLNIIM

collNT (r0) , DosNUl"l, TrMES , SPACE ( 7 ) , TOTPRD (20) ,
BNDPRD ( 20), TOTDTL ( 20), BNDDTL ( 20), NOTHTN ( 1 0) / r0*0/

CHARACTER DATE*"8, TOXIN*4 O' TYPE * 1, CTOTAL:I 5, CBOIIND'K5,

vEC*1 (8 0 ), VECTOR*8O, BLANK:IB 0, BLK*I, LOTS*6 ( 2 0),
SAMPTS*I6 (20,7)
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Appendix 30 (continued)

li=ï::Y::::
IO READ (11, 101) DATE,IJNKNOI^I, UTIIBES , TIJBE, NSAMPL, TOXIN
1l- 101 FORMAT (AB , 14 ,r2, L7,14 , A40)

L4 I^IRTTE ( 6 , f 03 ) TYPE, TOXIN, UNKNO\^I, NSAMPL, UTUBES

15 TO3 FORMAT('O" zOX,I STAPHYLOCOCCAL ENTEROTOXIN -' ,4X,AT,/ /,
X zIX, ' TYPE OF UNKNOI^]N _' ,A40, / I ,
X 21X, 'NO. OF T]NKNOI^INS (BATCHES) -' ,I5,/1,
X 21X, 'NO. OF I]NKNOI^iNS (SAMPLES) _, ,L5,/I ,
X zIX, 'NO. OF TUBES/UNKNOI^IN DILI IN -' ,15 ,/I/I )

For cheese samples at !60 days of curíngr :

Under "TABLE FOR THE UNKNOWN SECTION", changes \,/ere made at the follow-

ing lines :

242 L45 FORMAT( ' L' , / /, l6X, 'ITNKNOI\rN SECT]ON t 
, / ,

* l6X,I5('='),1/1,
¡I I6X, ' I]NKNOININ I LOT I DILUTION I TOTAL I 

"}k I BOIIND I %B I B/BO I LOGITYI,
¡ r I DOSE(X)',/,
* l6X,Bl ( '=' ) )

256 L46 FORMAT('0"18X,'000"T2L,r2,5X,^6,T37,'1: 
"T39,r2,T42,* FL}.2,2X,F8.2,LX,T8.2,2X,F8.2,4X,T8.2,2X,

,t Fg. 2)

259 f4B FORMAT('O',lBX,'000',T2I,T2,5X,46,T37,'1:',T39,T2,T42,
* FL0.2,2X,F8.2,LX,F8.2,2X,F8.2,10X, 'x*')

262 33 CONTINUE
263 34 CONTINI.IE

264 INUM=INIIM*I

267 f5B FORMAT (' 0' ,15x, 87 (' =' ) )

269 L49 FORMAT('O"I6X,'*x : -- Y > 100 ----Þ Y / (100-Y) fS"
* r NEGATTVET,/,
X 21X, 'LOGIT'Y CANNOT BE CALCULATED ---_> NO 

"¡ rToxrNsf )

Under the sectíon "SUBROUTINE TABLES", changes were made at Èhe follow-
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Appendix 3 0 (continued)

ing línes :

3L4 CHARACTER LOT*6,SAMPTM*16,LOTS*6(20)

Statement 325 was omitËed.

Statement 332 r^¡as inserted between statement 346 and statement 347.

For cheese samples at rout of Pressr :

Changes made ¡¿ere essentially the same as Ëhose described in

the program for cheese samples at '60 days of curingt.

Additíonal changes, howeverr \¡Iere made in the section of

" Plotting the Standard Curve " at the following lines (c.f. Appendix

28) :

Ci) at line 3880 :

r27 FORMAT( t -t, 25X, | -2. 4t, 6X, r-1. 6 t, 6X,' -0. B 

"7X,r 
0. 0t r7xr' 0. 8 t,

x 7X, t l. 6t ,7xrt 2.4\ ,7X,t 3.21 )

(ii) aË line 4150 :

IPT=IFIX( 31 . 5+LOGITY/ 0. 0B)

(iii)at line 4260 :

IPT=IFIX( 3I. s+LOGITY/ O. 08 )
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Computer output on

ênterotoxin A in cheese samples

turing stages) is presented as

Appendix 30 (Contrd)

the radioj-mmunoassay of

(eollected in various

follows :

s taphyfococcal

cheese manu f ac-

RUN INFORMATION

DATE OF RADIOII"ÍMUNOAS SAY

STAPHYLOCOCCAI, ENTEROTOXIN

TYPE OF UNKNOI.IN

NO. OF UNKNOI^INS (BATCHES)

NO. OF UNKNOI^INS (SAMPLES)

NO. OF TUBES/UNKNOIÀIN DILIN

STANDARD INFORMATION

23/4177

A

CHEDDAR

IO

37

4

CHEESE

NO. OF

NO. OF

NO. OT

NO. OF

NO. OF

NO. OF

BACKGROTIND TUBES

TI]BES (PIPETTING ERROR)

MAXIMUM TOTAL TIIBES

MAXIMIIM BOI]ND TUBES

STANDARD DOSE VALIJES

TUBES/STANDARD DOSE VALUE

IO

t0

3

3

7

J
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BASELINE STANDARDS

TYPE TUBE C OUNT STD.DEV. C.V"

BACKGROUND
1

2

3

4
5

6

7

8

9

r0
AVG ( CPM )

TOTÄ.L ( PIPETTING

I
2

3
4
5

6

7

I
9

10
AVG ( CPM )

PIPETTING ERROR =

MAXIMUM TOTAL
I
2

3

AVG ( CPM )

MAXIMU}I BOUND

7

5

9

7

4
4
6

2

6

8

58"00

ERROR ESTIMATION)

880 I
9040
8543
8788
8901
859 7

8615
8639
8896
8827

I 7530. 80

SQRT I (s 'n .**2

869 I
8672
879 6

17381.33

20"98 36"r7

32r .9I

Avc) I /eve

133.23

.84

L007" = L.67%X

AVG ( CPM

B0 = (AVG MAX

3t22
3137
3r29
rs06 .6 7

/ AVG I'ÍAX TOTAL)

1

2

3

)

B OUND

3 " 65

x t007.

0.77

0 .24

8.6 6 837.



3]-2

STANDARD CURVE TOTAL COUNT DATA

DOSE TUB E TOTAL COUNT S "D. C.V.

0"67
0.67
0.67

AVG (

1

2

3

CPM)=

Bs 45
87 6r
8808

r7351"33

8896
86 82
BB2O

r7540.66

882 7

8640
9040

I76L3"33

8878
8543
8639

L7315.33

8615
8849
8788

r7443.33

89 01
87 6l
859 7

r7448.00

8663
8592
862 8

17r97"33

1 " 00
1.00
1.00

AVG

2.00
2.00
2.00

AVG

2 .50
2 .50
2 .50

AVG

3.30
3.30
3 " 30

AVG

5"00
5.00
5"00

AVG

10.00
10.00
10.00

AVG (

4
5

6

CPM

7

I
9

CPM

IO
I1
t2
C PI"l

13
I4
15
CPM

16
t7
I8
CPM

)=

)=

)=

)=

)=

280"27 r"62

2L6"74 L "24

400.16 2.27

344.96 1"99

242"56 1"39

30 4.2 B r.74

69.74 0.4i

19
20
2T
CPM)=
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STANDARD CURVE BOUND COUNT DATA

DOSE TUB E BOUND COUNT S.D. C.V"

0"67
0"67
0.67

AVG

0.67
0"67

AVG

1 .00
r " 00
r .00

AVG

2.00
2.00
2.00

AVG

2.50
2.50
2.50

AVG

2.50
2.50

AVG

3.30
3.30
3.30

AVG

5.00
5 .00
5.00

AVG

10.00
10.00
10.00

AVG

1

2

3
CPM

CPM

4
5
6

CPM

7

B

9

CPM

10
11
L2
CPM

cPM )

13
T4
15
CPM

16
T7
I8
CPM

19
20
2I
CPM

22 80
1993
23 43

r044.67

22 80
2343

I097.75

r663
r739
16 86

790.00

13 86
1331
L296

6r0.83

r 426
r29 6
r075

574.83

L 426
L29 6

622.50

952
897
923

404.00

7 73
76s
757

324 " 50

502
498
516

L94.67

93 "28 8.93*?i REJECT **

22"27 2.03

L9"48 2"47

22.6I 3.71

88" 73 15.44** REJECT **

4s"96 7" 3 8** REJECT *?t

t3 " 75 3.40

4.00 | "23

4"74 2.43
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STANDARD CURVE

VERTICAL = DOSE (LOG SCAI,E) = NG/ML
H0RIZONTAI = RESPONSE = LOGIT Y
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QUAIITY CONTROL STATISTICS

AOV TÀBLE

******** ** ******* **** ********* ********* ** **** ************ ***
*¡
* SOIIRCE OF
* VARTATION

* REGRESSION
*
+

* DEVIATION
*

* TOTAL
*

*
¡&

DEGREES OF

FREEDOM

SI]M OF MEAN

SQUARES SQUARE F

*

5 "2r

0. 16

5 "2r

0 .04

L3l.22x* *
*

¡
*

*
5 "37

****** ********* ********* *********** ****** ********* *** *******
F(1'4'.05) = 7.7I

F(1r4,.01) = 2I.20

SIGNIFICANT LÎ 5% LEVEL
SIGNIFICANT AT 1Z LEVEL

CORR. COEFF. R**2 1002 x R**2 SEE(Y) SEE( S)

-0.9851 0.97 9 7.04 0. 1993 0 "2032

952 COMIDENCE IMERVAL FOR S = -3.0377< S < -1 .6I7t1
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Appendix 31

Computer output on the radioimmunoassay of staphylococcal

ênterotoxin A in cheese samples (collected at the fout+of-press' stage of

the cheese manufacturing process) is presented as follows :

ÏL]Y:Y]]::

DATE OF RADIOIM"ÍUNOASSAY*

STAPHYLOCOCCAL ENTEROTOXIN

TYPE OF I]NKNOI{N

NO. OF UNKNOI^INS

NO. OF TUBES/UNKNOI{N DILIN

16/Lrlr976.

^

CHEDDAR CHEESE (OU}. OF- PRES S)

L6

-l

STANDARD INFORMATION

NO. OF

NO. OF

NO. OF

NO. OF

NO. OF

NO. OF

BACKGROIJND TUBES - IO

TUBES (PTPETTTNG ERROR) - 10

MAXIMU}T TOTAL TUBES - 3

MAXIMI]M BOI]ND TUBES - 3

STANDARD DOSE VAIUES _ 7

TUBES/STANDARD DOSE VA]-UE - 3

* anti-enterotoxin dílution used in this assay \¡ras L22500.
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BASELINE STANDARDS

TYPE

BACKGROUND

AVG (

t:1:
1

2

3
4
5
6

7

8

9

10
cPM )

C OUNT

33
37
31
39
31
33
28
35
31
36
66.80

ERROR ESTI}IATION)

7578
756L
7680
7669
7689
7707
7684
7 523
7673
7595

r52 7t . 80

SQRT I (s.n "x*2

STD"DEV. c"v"

6"68 10.00

TOTAL (PIPETTING

AVG (

PIPETTING

1

2

3
4
5
6

7

8

9

10
CPM )

ERROR

MAXIMUM TOTAL

AVG ( CPM

MÀXIMUM BOUND

AVG ( Cplr

B0 = (AVG MAX

7 523
7612
7578

t5075.20

2764
2 84I
2 836
1340.03

/ eve MAX TOTAL)

r29 "59

AVc) I /evc

89.08

0. 85

I00i¿ = 0"267"

0.s9

1.61

I
2

3

)

1

2

3

) 2t.53

x t 00"ÁB OUND 8" BB90%
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STANDARD CURVE TOTAL COUNT DATA
=============

DOSE TUB E TOTAL COUNT S.D. C"V"

0.63
0.63
0.63

AVG

I .25
I "25
I .25

AVG

2 .50
2"50
2"50

AVG

5.00
5.00
5.00

AVG

10.00
r0.00
10.00

AVG

20.00
20.00
20.00

AVG

40.00
40.00
40.00

AVG

4
5

6

CPM

7

I
9

CPM

10
11
T2
CPM

13
L4
15
CPM

16
T7
18
C Pl'f

I
2

3
CPM )

7 630
7 502
7 62r

15101 " 86

767I
7707
7561

L5225. 86

7690
7684
7 700

1s 315 . 86

7680
7s47
760 7

15155. B6

7596
7669
7543

15138.53

7704
7689
7 605

t5265.20

7707
7 523
7675

15203.20

r42 "51 0.94

151.65 1.00

9 .24 0.06

I32.42 0. 87

125.8r 0" 83

106. r 3 0" 70

I9 6.0 7 I "29

19
20
2I

( cPM )
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STANDARD CURVE BOUND COUNT DATA

DOSE TUB E BOUND COUNT S.D. C.V"

0"63
0"63
0.63

AVG

I .25
I .25
| .25

AVG

2.50
2.50
2.50

AVG

5.00
5 .00
5.00

AVG

10.00
10.00
10.00

AVG

20.00
20.00
20.00

AVG

40.00
40.00
40.00

AVG

I
2

3
CPM )

4
5
6

cPM )

2574
2 726
2750

L274 " 87

24s I
2504
2 402

1160.53

235 B

22r0
2278

t074.20

l9 32
2005
r9 26

9t0"37

1638
1631
1656

754.03

TL74
1131
1113

s02. 87

904
B82
898

380.53

7

I
9

C PI'f

10
11
t2
CPM

t3
t4
t5
CPM

16
I7
18
CPM

47.7r 3"74

25.52 2"20

3 7" 03 3.45

2r"98 2.4r

6 .43 0" 85

r5.67 3 "r2

5.67 t .49

19
20
2I
cPM )
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STÀNDARD CIIRVE

VERTICAL = DOSE (LOG SCAIE) = NG/ML
1IORIZONIAL = RESPONSE = LOGIT Y

0.63 -

I,25 -

2"50 -

5.00 :

10. o0 -

20.00 -

+*
¿

¿

¿

r¿.r^
J

*

*
+

*
+*

+
¡

*
&

*
*+

¡
*

*
+

&

*

40.00 - *+
1....'....1....'....1....'-.-.1..-.'----1....'.oo-1....'---.1""..'....1

SYMBOLS : + = ACTUAL POINT
* = CALCUI,ATED POINT
G = MULTIPLE PTS. <I^IÍ{ERE ACTUAL PT" COINCIDES WITH CALCULATED PT.>

+*
¡

+

*
*

*
¿



324

QUALITY CONTROL STATISTICS
=================== =======

ÀOV TABLE

* ***** *** ****** ****** *** ****** ********* *** *** **** ** ****** ***
*¡
* SOI]RCE OF DEGREES OF Si]M OF MEAN
* VARIATION FREEDOM SQUARES SQUARE F *

* REGRESSION
J

*
* DEVIATION
*

r0"74

0.18

r0"74

0.04

293.43*x *
&

6 10.93

J

*
*

*
&

* TOTAL
*
************************************************** ********* *
F(1 '5'.05) = 6.6L

F(1'5'.01) = 16.26

¿

&¿
: SIGNTFICANT AT 5Z LEVEL
: SIGNIFICANT AT IZ LEVEL

CORR. COEFF. R**2 1OOZ X R**2 SEE(Y) SEE( S)

-0.991 6 0.9 8 9 8.32 0. t 914 0. r 203

952 CONFIDENCE INTERVAL FOR S = -2.4408< S < -L.6799
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UNKNOI^JN SECTION FOR TOTAL COUNT

UNKNOI,IN DILUTTON SAMPLE NO" TIME OF SAMPLING COUNT S"D" C"V.
:===========:===== ============================================

J230001 1: I OUT OF PRESS

AVG (CPM)

7699
7562
7 735

L5263.86 182.43 r.20

0002 M6 OI]T OF PRESS 760s
7 792
767L

AVc (CPM) i531i.86 189"09 r"23

0003 J19 OUT OF PRESS 7636
75L9
7507

AVc (CPM) 15041.20 141.91 0.94

0004 I: I F6 OI]'I OF PRESS

AVG (CPM) =

7675
7 723
7663

r5307.20 62.65 0.41

0005 J30 OUT OF PRESS 7673
7595
7726

Avc (CPM) = L5262.53 131.45 0.86

0006 F4 OUT OF PRESS 77 87
7 712
7716

AVc (CPM) 15409.86 84.16 0.55

000 7 J26 OUT OF PRESS 7666
7650
7 7t9

AVG (CPM) = 15289.86 7L.26 0.47

OI]"I OF PRESS 7574
7675
769L

AVG (CPM) 15226.53 126.32

000 8 Fl1

0. 83
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UNKNOIIIN SECTION FOR TOTAL COUNT (cont'd)

0009 1: I J2T OUT OF PRESS 7644
7689
7725

AVG (CPM) = 1 5305. 20 8I .06 0. 53

00 l0 YT4 OUT OF PRESS 7624
7 769
7676

AVc (CPM) 15312.53 146"21 0.95

OOII J28 OUT OF PRESS 7699
7692
7 724

AVG (CPr"f) 15343.20 32.00 0"2I

0012 M8 OITT OF PRESS 7660
7665
7614

AVG (CPM) = 15225.86 55.04 0.36

001 3 MI3 OUT OF PRESS 7677
7637
7748

AVG (CPM) 15307. 86 1 11 " 8t 0.73

001 4 M20 OUT OF PRESS 7786
765r
774r

AVG (CPM) = 15385.20 136.70 0.89

001 5 1: I a,4 OUT OF PRESS 7799
7 740
7 703

AVG (CPM) = L5427.86 96.22 0.62

001 6 1: I A13 OUT OF PRESS 7655
7645
7678
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000i l: I J23 OIII OF PRESS

AVG (CPM)

3347
3 309
3 316

t595.20 r0.33 0"65

0002 M6 OUT OF PRESS

AVG (CPM)

3430
3 390
3326

t624.20 26.33 t.62

0003 J19 OI]T OF PRESS

AVG (CPM) =

3250
329 7

3312
1576.37 r6.25 I . 03

0004 F6 OUT OF PRESS

AVc (CPM)

3474
3490
35 61

t6 87.37 23.21 1.3 8

0005 J30 OUT OF PRESS

AVG (CPM) =

3487
35I3
3552

1691.87 t6.49 0 .9 7

0006 l: I F4 Oi]"I OF PRESS

AVG (CPM) 33.99 4"69

150 7
I 604
163 8

724 " 70

000 7 I: I J26 OUT OF PRESS

AVG (CPM)

3268
3 304
3293

1577.37 9"38 0.s9

OUT OF PRESS 3068
3176
3L57

AVc (CPlf) = 1500.03

000 8 l: I F11

28.89 r .93
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UNKNOWN SECTION FOR BOIIND COUNT (cont'd)
===============================

0009 J2l OUT OF PRESS

AVG (CPM) = 16.56 2"08

L 737
r6u
t745

794 "20

0010 M4 OUT OF PRESS

AVG (CPM) r 8. 71 2.27

r752
r 826
r779

826.03

001 I J28 OUT OF PRESS

AVG (CPM) =

r 336
r29 8
r 302

s 89 . 20 10.44 L. 77

00I 2 M8 OUT OF PRESS

AVG (CPM)

t240
118I
I 205

s37.53 14.83 2.76

0013 Ml3 OIJ'I OF PRESS

AVG (CPM)

34i 3

3506
3504

r670.37 26.63 1.59

0014 M20 OUT OF PRESS

AVG (CPM)

3i 7B
3105
319 9

15i3.53 24"7I I .63

001 5 1: 1 A4 OIII OF PRESS

AVG (CPM)

1625
t626
r579

738.20 13.4i r. 82

001 6 A13 OUT OF PRESS

AVG (CPM)

1579
1514
r537

704.87 16.47 2.34
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Appendix 32

Computer output on the radioimmunoassay of staphylococcal

enterotoxin A in cheese samples , collected at the r60 days of curíngt stage

of the cheese manufacturing process, is presented as follows :

:ï=ï::Y:l:l
DATE OF RADTOTì.ßÍIJNOASSAY - r5lL2lL976.

STAPHYLOCOCCAL ENTEROTOXIN _ A

TYPE OF UNKNOI^IN _ CHEDDAR CIIEESE(60 DAYS CURING)

NO. OF UNKNOI^J]\S - 16

NO. OF TI]BES/UNKNO\^IN DILIN - 3

STANDARD INFORMATION

NO. OF BACKGROUND TUBES - 10

NO. OF TUBES (PIPETTING ERROR) 10

NO. OF MAXIMUM TOTAL TI]BES 3

NO. OF MAXIMI}Í BOI]ND TI]BES _ 3

NO. OF STANDARD DOSE VALUES _ 7

NO. OF TUBES/STANDARD DOSE VALUE - 3
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BASELINE STANDARDS

TYPE TUB E C OUNT STD "DEV. C.V.

TOTAL (PIPETTING ERROR ESTIIÍATION)

BACKGROUND
1

2

3

4

5

6

7

8

9

l0
AVG ( CPM )

I
2

3
4
5

6

7

B

9

10
AVG ( CPM )

PIPETTING ERROR

MAXIT"TUM TOTAL
1

2

3
AVG ( CPM )

MAXIMUM BOUND

8

6

4

4
5

6

4
4
6

8

55.00

4868
481 8

4 725
5080
4964
4886
5159
4789
4 843
4 811
9 788.60

sQRTI(s.1.**2

4851
4782
4999
9699 "66

15. 8l

270 " 86

AVG) I /avc

22r .61

5.76

X

28"75

2.77

X 100"Á = 2. 5 8%

2.2 8

0.58

L00i( = 10"18082

AVG ( CPM

B0 = (AVG ìfAX

2076
2081
2098

9 87.50

AVG MAX TOTAL)

I
2

3

)

BOUND



332

STANDARD CURVE TOTAL COUNT DATA

DOSE TOTAL COUNT

0.63
0"63
0 " 63

AVG

r"25
I .25
| .25

AVG

2.s0
2.50
2.50

AVG

5.00
5.00
5.00

AVG

10.00
10.00
10.00

AVG

20"00
20.00
20.00

AVG

40.00
40.00
40.00

AVG

TiJBE

I
2

J

( cPt'l )

4

5

6
( CPM

7

8

9
( CPM

4724
4868
4950

9639 " 66

4818
491 6

4868
9679.66

481 1

492L
4 759

9605.66

4 843
4789
492 8

965r .66

4745
4826
4964

9635.00

5080
5159
4 739

9930"33

4 886
4 86 8

5237
9939.00

S"D" c.v"

228" 7r 2"37

97.76 1.01

165.3 8 t.72

t39 "94 r.45

22t " 32 2.30

446 " 33 4 .49

416"05 4. r9

10
11
t2
CPM

13
T4
l5
CPM

16
L7
18
CPM

19
20
2t
CPM



STANDARD CURVE BOUND COUNT DATA

DOSE TUB E BOUND COUNT S"D. C"V.

333

32"73 3" 85

54.18 6"74** REJECT **

9.97 r"29

60.76 8.00** REJECT **

9.82 r"36

143.11 2r .20x x REJECT **

14. 85 2 .51

3 8. 19 7.52xx REJECT **

8. 83 t"67

i3.50 3 .2t

6.00 1.67

0"63
0.63
0"63

AVG

I"25
t"25
r .25

AVG

r"25
| .25

AVG

2"50
2"50
2 .50

AVG

2.50
2.50

AVG

5.00
5.00
5.00

AVG

5.00
5.00

AVG

10"00
10.00
10.00

AVG

10.00
10.00

AVG

20.00
20.00
20"00

AVG

40.00
40.00

1

2

J

CPM

4
5

6

CPM

cPM )

7

8

9

CPM

CPM

10
1I
t2
CPM

CPM

13
14
15
CPM

CPM

r6
T7
18
CPM

19
20

89 B5

9400
8754

849.63

82L 2

8353
9 213

804"27

82r2
8353

773"25

7 869
7 730
8845

759.80

7 869
7 730

724"95

65 8r
63 7r
894 8

675.00

65 81

637r
592.60

Lt57
1039
11 82

s08.00

Ir57
1182

529.75

950
977
923

420.00

81 7
841
829

359.50
40.00 2t

AVG(cPM)=
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STANDARD CURVE

VERTICAL = DOSE (LOG SCALE) = NG/ML
HORIZONTAL = RESPONSE = LOGIT Y

-3"2 -2.4 -1.6 -0.8 0"0 0.8 1"6 2"4
1."""'o.on|."""'ooo.1 "...'oooo l ""."'oonn l.."" ooo. l -"..'oooo l..."'""..1

0"63 -

L"25 -

2.50:

5.00 -

10. 00 :

20.00:

40.00 -

SYI'ÍBOLS : * = ACTUAL POINT
* = CALCULATED POINT
@ = IÍULTIPLE PTS. <I^IIIERE ACTUAL PT. COINCIDES I^IITH CALCULATED PT.>

+*
*
J

*
+*
*

¿

+*
*

¿

+
&
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QUALITY CONTROL STATISTICS
:=================

AOV TABLE

************************************************************
_*
* SOI]RCE OF DEGREES OF SIDI OF MEAN *
* VARIATION FREEDOM SQUARES SQUARE I' *
?t ========================= ========= ==== *

* REGRESSION
¿

4. 76 l+"76 456.I2** *
*

* DEVIATION 5 0.05 0.01

$

*

*

*
*****x******************************************************
F(1,5,.05) = 6"61

F(1,5,.01) = I6.26

*
* TOTAL

&&

6 4"8r

: SIGNIFICANT AT 5% LEVEL

: SIGNIFICANT AT 1Z LEVEL

CORR. COEFF. R**2 t00z x R**2 SEE (Y) SEE(S)

============= === = == === ==== ====== == ==== == = == =====:==========

-0.9946 0. 99 98.92 0.1021 0.0642

95% CONFIDENCE INTERVAL FOR S = -1'5738< S < -1'L677
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J.

RECOMMENDATIONS FOR FUTURE I\]VESTIGATIONS

Possíb1e Research Aspects

1. In future studies, thermonuclease productíon in the toxic milk and

cheese samples should be detecÈed, so as Ëo determine the correla-

tion between Èhermonuclease production and enterotoxín production.

2. Survey studies can be conducted on (i) the thermonuclease content

of varj-ous milk and cheese samples from differenË commercial dairies

and (ii) the relationship between the S. aureus content and thermo-

nuclease content of these s.amples.

Different S. aureus straíns isolated from heat treated milk require

minimum populationto be tested relaËíve to Lhe varíability of the

associated with the presence of enterotoxins.

Relative large scale study on the maximum and minimum levels of S.

aureus associated r,¡iËh the presence and absence of enterotoxin in

other types of cheese.

Determ-inaËion of the total free fatty acids in heat treated milk

used for cheesemaking and subsequently in cheeses rnade with normal

and subnormal starter.

Employing isoelectric focusing and electrophoretic techniques as

analytical tools in elucidating some of the non-specific protein

fractions found in the cheese extracts.

The applicaiton of tracer methodology and ion-exchange chromato-

graphy may provide a better understanding of the role of the pro-

teolytic enz)rmes presenË ín Èhe cheese extracts (if there are any)

in the cleavage or degradation of the active binding sites of the

enterotoxin and/or anËi-enterotoxín molecules.

4.

5.

6.

7.


