Microbiology of Foods
and Food Processing

John'T.Nickerson
Anthony J.Sinskey



Microbiology of Foods
and Food Processing

John'T.Nickerson
Anthony J.Sinskey

Department of Nutrition and Food Science
Massachusetts Institute of Technology
Cambridge, Massachusetts



AMERICAN ELSEVIER PUBLISHING COMPANY, INC.
52 Vanderbilt Avenue, New York, N.Y. 10017

ELSEVIER PUBLISHING COMPANY
335 Jan Van Galenstraat, P.O. Box 211
Amsterdam, The Netherlands

International Standard Book Number 0-444-00124-7

Lib\rary of Congress Card Number 77-187687

Copyright © 1972'by American Elsevier Publishing Co., Inc.

All rights reserved.

No part of this publication may be réproduced,
stored in a retrieval system, or transmitted

in any form or by any means, electronic,
mechanical, photocopying, recording,

or otherwise, without the prior

written permission of the publisher,

American Elsevier Publishing Company, Inc.,
52 Vanderbilt Avenue, New York, N.Y. 10017.

Manufactured in the United States of America



PREFACE

There are many books texts and monographs, which deal with the subject
of microbiology and especially with bacteriology. There are also some
books which cover the subject of microbiology of foods and others which
are specifically concerned with food-borne diseases. Few, if any single
publication, ‘consider the subjects of the microbiology of foods, the
microbiology of food processing, and the microbiology of food-borne ,
diseases. In this volume we have attempted to tabulate the pertinent in*
formation concerning these three subjects since we believe that knowledge
in these areas is most valuable to food handlers, especially those who are
concerned or will be concerned with food handling outside of the home.

It is believed that this book will be of interest and provide valuable
information to those who supervise the various aspects of food manufac-
turing, the catering of foods, or the preparing and serving of foods in
restaurants or institutioris. Students of Food Science or Technology and
students of Hotel Management or Home Economics will also find that the
information in this publication is directly concerned with their field of
endeavor. No attempt has been made in this volume to tabulate all of
the information available in all of the subjects covered. This would not
be possible. For instance, separate volumes have been written on thermal
processing, the freezing of foods, food-borne diseases, and other subjects
covered in this book. However, we believe that sufficient information is
given herein to provide for the understanding of derivations and application
of methods, for the prevention of food spoilage, and for the use of proce-
dures which would tend to prevent food-borne diseases.

This volume is different from others in the general field in that it covers
3 wider area of subject matter without including a large amount of material
which is interesting but not absolutely essential to the understanding of
the various subjects. It is also different in that it covers a wider variety of
subjects than is usually attempted in a book of this kind. ’

For the use of selected material which appears in this book a special
~ note of appreciation is due to the following: The American Public Health
Association, Inc. for the MPN tables; Dr. G. G. Knock, Journal of Scien-
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tific Food Agriculture § (1954), for Figures 2-9, 2-10, and 2-11; William
Underwood Company for Figures 2-12, 2-13, and 2-14; Oscar Mayer &
Company for Figures 7-1a and 7-1b; Kraftco Corporation, Division of
the National Dairy Products Corporation for Figures 9-1 and 9-2; Kitchens
of Sara Lee for Figure 5-1; C. O. Olson, F. C., Sterilization in Food
Technology, McGraw-Hill, New York, 1957.
This book is dedicated to better foods and better health.
J. T. R. NICKERSON
A. J. SINSKEY
Cambridge, Massachusetts



CONTENTS

Chapter 1. Methods Used for the Microbiological Examination

of Foods . ... ... ...
Sampling of Foods for Microbial Testing ................
The Plate Count ... ...........c.iiniereneniniann.
Tests for Coliform Bacteria in Foods .. ..................
Detection of Salmonellae in Foods ......................
Tests for Shigellae ............... ... .. ... ... ... ...
Tests to Determine Clostridium botulinum in Foods . ... ..
Tests to Determine Clostridium perfringens in Foods ... ...
Tests for Thermophilic Bacteria in Foods ................
Standards for Sugar and Starch ........................
Lactic Acid Bacteria—Lactobacilli and Streptococei ... ...
Staphylococel . .. ... .. e
Molds and Yeast ................... e
Detection of Aflatoxins . .............. ... 5. ... ...
References .. ....... ... i

Chapter 2. The Destruction of Bacteria by Heat . .............
The Heating Survival Curve ...................c.......
Survival Curves for Bacteria during Heating ..............
Interpretation of Heating Survival Curves ................
Thermal-Death Time Curves ......................... .
The Calculation of Heat-Processing Times for Canned Foods .
A Method of Predicting Flat-Sour Spoilage of Canned Peas . .
Spoilage of Canned Foods ............................
Pasteurization of Foods .................. ... .. ... ...
References ......... P

Chapter 3. Microbiology of Dried Foods .. ..................
Water Activity and Its Effects on Growth of Microorganisms . .
Introduction to the Microbiology of Freeze-Dried Foods . ...

v

O NN o

12

16
17
18
19

22
23

26
26
28
34
37
39
55
62
67

71

73

75



vi Contents

The Freeze-Drying Process ............................ 76
Influence of Processing Variables on-Microbial Survival in
Freeze-Dried Foods ........... ... ... .. ... ..... . ... 77
References . ..... ... ... .. . . . . i 82
Chapter 4. The Growth of Microorganisms in Foods at Re-
frigerator Temperatures above Freezing . . ... ....... 84
Growth of Pseudomonas fragi at Low Temperatures ........ 89
Microorganisms and the Spoilage of Refrigerated Foods .... 92
References .. ...... .. ... .. . . . .. e 102
Chapter 5. The Preservation of Foods by Freezmg .......... 104
References ....... ... ... . . ... . iiiiiiiiiiiiiiiiann 116
Chapter 6. Chemical Preservation of Foods ................ 119
Salting . ..... .. ... 119
The Addition of Acid .. ... ... ... ... ... ... ... ... ... 122
Fatty Acids and Their Salts . ... . .. S 123
The Benzoates and Parabenzoates ...................... 124
Oxidizing Agents . ..... ... .. ... .. ... ... . i 125
Miscellaneous Compounds . ........................... 126
Antibiotics and Related Compounds . .................... 131
References ......... ... .. .. . 135
Chapter 7. Microbiology of Flesh-Type Foods and Eggs ... .. .. 137
FreshMeats ... ....... ... .. .. ... .. 137
Cooked and Cured Meat Products ...................... 144
Poultry . ... .. e 150
Fresh Fish ................ .. e 152
Curing Brines . ...... ... .. ... ... .. ... i 158
Shell Eggs .. ... o 161 -
References ......... .. .. ... . . ... ... 166
Chapter 8. Fruits and Vegetables .. ........................ 169
Microorganisms Primarily KResponsible for Spoilage of Fruits
and Vegetables ............ .. .. ... .. ... .. ... 170
Control of the Microbial Spoilage of Fruits and Vegetables o172
References ....... ... ... . 174
Chapter 9. Microbiology of Dairy Products .................. 176
Fluid Milk and Cream . .......... ... .. ... ... ..., 176
Butter ... .. 181



Contents

Cheeses .. .o
Slow Fermentations in Cultured Dairy Products ............
References . ....... ... .. i

Chapter 10. Food Infections ..................... PN
Salmonellosis .. .......... ... .. . . e
Shigellosis . ..... ... e
Perfringens Poisoning ........... ... ... .. ...l
Vibriosis . ... ... .
Cholera .......... ...l e
Trichinosis ... ... ... .. . i

AmebIasis .. ... ... :

Brucellosis, Undulant Fever, or Malta Fever ..............
Streptococcal Poisoning . ........... T
Erysipeloid . . ... ... ... . .. . . . e
The Sanitary Control of Shellfish ........... e
VITUSeS . . o e

Chapter 11. Food Intoxications ..........................
Staphylococcal Poisoning ... ......... ... ... ... .. ...
Botulism Poisoning . ............... .
References . ...... ... . . . .. . e

Chapter 12. Sanitation in Food-Manufacturing Plants and in
Food-Preparation and Serving Establishments . ...

Supplies Available in the Areas of Manufacturing or Eating
Establishments . ............... .. ... ... ... ......
Surroundings of the Building . ..........................
Building Construction ................................
Food-Plant and Food-Preparing Equipment . . .. ... e

Sanitary Operation of Food Plants and Food-Preparing In-
stallations ............... ... e
Cleaning and Sanitizing . . . .. e e e
References ............... ... .. . .. . . i



CHAPTER 1

Methods Used for the Microbiological
Examination of Foods

The methods described in this Chapter are those that would be applicable to
the microbiological examination of foods as required for most purposes. It is
obvious that all microbiofogical procedures which might be applied-to foods
cannot be included. Actually, the methods which have been detailed are
mainly bacteriological, since foods are most often spoiled because of bac-
terial growth, and the common types of food-borne disease are caused by
bacteria. However, food spoilage is sometimes caused by yeasts or molds,
and molds or viruses may cause some types of food-borne disease. Proce-
dures to determine the presence of yeasts and molds, or their end products,
have, therefore, been described.

Sampling of Foods for Microbial Testing

One of the problems associated with the testing of fnods for microbial con-
tamination of any kind has been and continués to-be the question of how
many samples should be examined from a particular lot and also what con=-
stitutes a particular lot.

For some types of production past experience has shown that this may be
worked out in the plant rather simply by trial and error. For instance, it is
the practice in canning plants to set aside 12 cans from each canning line
taken 15-20 min after the start of the operation and 12 cans from each line
near the end of the day’s run (six at each time for No. 10 can sizes). The
cans from one-half of each group are incubated at 30°C (86°F), for 10
days and the other half at 50°C (122°F), for 7 days. They arc examined
daily for swells, and bacteriological examinations of the swelled cans are
then normally conducted. At the end of incubation periods all cans are
opened and checked for spoilage odors, discoloration, and pH. The spoiled
products are examined microscopically ‘(National Canners Association,
1956).1°
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In some plants producing precooked frozen foods in which the product
was produced in 400-gal lots by batch processing, it has been found that, if
the last carton filled from each batch were examined microscopically and
the total number of viable organisms were also determined, a good evalua-
tion of the bacteriological quality could be obtained.

When microbiological sampling of lots of product already produced is to
be carried out, as by regulatory agencies, the problem of sampling becomes
quite complex. Some suggestions have been made regarding the sampling of
- such lots. These suggestions are in the following list (Thatcher, 1963):28

Canadian Food and Drug Directorate 5 packs per lot or the
square root of the number
of samples in the lot

England—Imported foods 5 to 10% of the number
of packs in the lot

Association of Food and Drug 10 packs per lot

Officials of the U.S. (for
precooked frozen foods)

It would appear that the AFDOUS system of sampling lots may be more
realistic. The examination of only five units per lot would seem insufficient
to provide adequate information as to the bacteriological quality. With some
lot sizes the square root of the number of units would require a high per-
centage loss of product and with other lot sizes excessive laboratory work,
although the percentage loss decreases ag the number of samples in the lot
increases. The testing of 5-10% of the units in a lot seems entirely unrealis-
tic both from the standpoint of loss of product and the use of personnel and
materials. The “Production Lot” has been defined by AFDOUS as follows:
“Refers to a plant’s designation as such, usually all of the units of a product
of the same size produced under essentially the same condition” (Associa-
tion of Food and Drug Officials of the United States, 1966).% This defini-
tion seems to be lacking in specificity and might allow, under some interpre-
tations, days or weeks ‘of production units to be considered as components
of the same lot. Under such circumstances the examination of 10 units per
lot would not provide for an adequate or representative sampling of produc-
tion units.

The Plate Count

The equipment and materials required for plate-count techniques include di-
luent in bottles of 90 or 99 ml, or in tubes of 9 ml, a high-speed blender if



Methods for Microbiological Examination of Foods 3

solid food is to be examined, pipets 10, 1, and 0.1 m}, petri dishes which
may be glass or plastic, a molten culture medium, and an incubator which
will maintain the required temperature = 1°C (1.8°F). In counting colo-
nies on plate cultures a Quebec-type colony counter is ordinarily employed.

All materials contacting the sample in any form, blender tops, bottles,
stoppers, tubes, pipets, diluent, and media, must be free from viable mi-
croorganisms when used. It is preferable to precool the diluent to 3°C
(37.4°F) to prevent excessive heating during blending and to prevent
growth of bacteria during plating. Butterfield’s phosphate buffer (Butter-
field, 1933)7 or a 0.1% peptone solution are recommended as diluents.
Such solutions minimize the dying off of bacteria during plating. The me-
dium should be poured into plates at 44-46°C (111.2-114.8°F); other-
wise, it will be too cold and lump during pouring or too hot and destroy
some of the heat-ladlile bacteria. Also, hot media will cause condensation of
moisture on the underside of the top of the petri dish which may drip and
facilitate the growth of spreaders. Normally, the media is held in a water
bath, regulated at the temperatures stated, until used.

The number of bacteria present in foods is usually so large that in order
to obtain discrete colonies on petri dish cultures the food must be cultured
after dilution. If solid, the food must be diluted for purposes of testing in
any case, since it is not possible to make plate counts on solid food and even
the plating of low dilutions (1:10) often causes difficulties in distinguishing
food particles from colonies.

The first dilution, usually 1:10, may be prepared by placing 10 ml of the
food in 90 ml of diluent (11 ml in 99 ml may also be used) if the food is
liquid. If sotid or semisolid, a 1:10 dilution of the product should be made
by weighing a portion into a sterile blender top, adding the required amount
of dilution water and blending at high speed for 2—3 min. Portions of 50 g
of food and 450 ml of diluent are often used for this purpose. Serial dilu-
tions are made from the 1:10 dilution by adding 10 or 11 ml of this to 90 or
99 ml of diluent (1:100 dilution), 1 ml to 99 ml of diluent (1:1000 dilu-
tion) and so on. Dilutions not agitated by blending should be shaken me-
chanically or by hand (with the hand moving from the shoulder to a hori-
zontal position 25 times) prior to transfer. Either some knowledge of the
number of bacteria in the product is required or several dilutions of the
product must be plated in order to prepare cultures in such a manner as to
have countable numbers of colonies on petri dish cultures after incubation.

The plate culture is usually prepared in one of two ways. In the regular
method 1 ml of various dilutions of product is transferred to each of two
separate petri dishes after which approximately 15 ml of the molten agar

" = ic added to each dich After gentle mixing of the bacterial suspen-
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sion with the medium, the agar is allowed to solidify. After solidification the
plate cultures are inverted to prevent condensation’ of moisture on the sur-
face of the agar medium during incubation.

In some cases surface counts are made, especially when the predominant
flora in the food is strictly aerobic. In such instances the culture medium is
first poured into petri dishes and allowed to cool and solidify in such a man-
ner as to present condensation of moisture on agar surfaces. These plates
are then preincubated to make certain that they have not become contami-

~ nated (no colonies on surfaces). In plating, usually 0.1-0.3 ml of the ap-
propriate Gifu*:on of the food being analyzed is pipetted onto the surface of
the solid cnitire medium. A sterile bent glass rod (glass hockey stick)
which has hee previously treated with silicone (to prevent the adherence of
bacteria to th< ~od) is then used to distribute the sample over the entire sur-
face of the redivm.

Plate count sgar (Difco) or Milk Protein Hydrolysate agar (Difco) have
been recormmended as culture media for plate counts, but Eugon agar
(Difco, BPL) both with or without supplementation with yeast extract, and
trypticase agar {a product of BBL) have been found to give higher counts

- for some foods such as certain kinds of fish. Therefore, it is usual to evalu-
ate the efficiency of various media for a particular food.

Incubation tcmperatures between 32 and 37°C (89.6 and 98.6°F) have
been recommended for plate-count cultures, but 35 += 1°C (95 = 1.8°F)
is probably most often vsed. Incubation periods of 48 = 3 hr are commonly

_employed (American Public Health Association, Inc., 1960).! In making
counts on fiesh-type fcods, the spoilage flora are normally psychrophilic.
Higher counts, therefore, can often be obtained by incubating at 20°C
(68°F) for approximately 120 hr,

Plate counts should be reported only from plates containing 30-300 colo-
nies. The count is reported as the number of colonies (average of two
plates) times the dilution from which the plate cultures were made. Only the
first two significant figures are reported, thus, a count of 261 through 264
would be 260, and z count of 265 through 270 would be 270. In cases in
which two consecutive dilutions provide plate cultures with between 30 and
300 colonies, they may be averaged according to the count at each dilution
provided that the highest count obtained at one dilution is not more than
double that of the lower count obtained with the other diluticn; otherwise,
the lower count ic used as such. In those instances in which all dilutions pro-
vide plate cultures with more than 300 colonies, the number of colonies
should be determined as nearly as is possibie and the average number per
plate times the dilution reported as an estimate.
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 Tests for Coliform Bacteria in Foods

In water the quality standards are such that, in effect, the presence of more
than one organism of the coliform group per 100 ml is considered as indi-
cating that the water is not potable. In foods, coliform bacteria as a group
do not have the same significance as with water. Coliform standards have
been set up for some foods, such as raw certified and pasteurized milk (U.S.
Department of Health, Education, and Welfare, 1953)2® and precooked
foods used by some military groups (U.S. Army Natick Laboratories,
1965),* but these standards are much more lenient than those for water.
‘Many bacteriologists consider that the results of tests for the coliform group
in foods have little significance and that the presence of fecal coliforms
(Escherichia coli) only should be used to evaluate sanitary quality. Even
fecal coliform standards for foods are in some instances (U.S. Department
of Health, Education, and Welfare, 1953)25 much more lenient than those
for coliforms in water.

Tests for coliforms include presumptive tests, confirmatioh tests, and
completed tests. Recommended methods for the first two tests are com-
monly applied and agreed upon; however, recommendations for completed
_ tests vary from none to the application of methods which go beyond the reg-
ulation completed tests; which is the utilization of the IMViC reactions
(Tests to determine production of: indole; acid, as indicated by methyl red;
2,3 butylene glycol, and growth in Koser’s citrate broth or utilization of ci-
trate).

Presumptive Tests

Plating Method. In using the plating method as a presumptive test, 1 ml
of appropriate decimal dilutions of the water or food is added to petri dishes
in duplicate, molten violet red bile agar (Difco, BBL) is added, mixed, and
then allowed to harden in the manner described for plate counts. Plate
counts are incubated at 35 = 1°C (95 = 1.8°F) for 18-24 hr. Positive re-
sults are indicated by dark-red colonies with a surrounding zone of precipi-
tated bile at least 0.5 mm in diameter. A dark-field type of Quebec colony
counter is recommended for counting colonies. As in plate counting, the
numbgr of colonies per plate culture is multiplied by the reciprocal of the
corresponding dilution to determine numbers per gram of product.

Plating methods when used as presumptive tests have the disadvantage
that low numbers of coliforms cannot always be identified by this procedure
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since it is not possible to plate out undiluted solid materials in such a2 man-
ner as to obtain a count, ané small numbers of coliform may be over-
grown by large numbers of other types of bacteria.

Most Probable Number (MPN) Method. The medium used for this pro-
cedure is lauryl sulfate tryptose broth (L f¢o). Quantities of 10 ml of broth
are placed in each tube, and a small inverted vial is also placed in each tube
in such a manner that no air bubbles are present in the vial after sterilization
of the medium. If 10-ml portions of a particular dilution or of liquid food or
water are to be added to a series of tubes, double-strength medium is used
for that particular dilution. No fewer than three tubes may be used per dilu-
tion, but five tubes per dilution is recommended. The ordinary procedure is
to add 10 ml of a dilution of the material being examined or 10 g of product
to the first series of five tubes, 1 ml or 1 g to the next series of five tubes,
and 0.1 ml or 0.1 g or the equivalent to the next series of five tubes. Tube
cultures are incubated at 35 == °C (95 = 1.8°F) for 48 hr and examined
for gas formation after 24—48 hr of incubation.

The presumptive MPN is determined by selecting the number given in
Table 1-1 (Haskins, '1933)!% corresponding to the number of positive
tubes. For instance, if in 10 ml five were positive, in 1 m} four were positive,
and in 0.1 mi three were positive, the number in MPN tables corresponding
to five, four, three would be selected. The most probable number of coli-
forms per gram of sample may then be determined as follows:

Number from tables

106 X dilution factor of middle series of tubes

= MPN/gram.

A membrane-filter technique may be used as a presumptive test for coli-
forms, but this is applicable mainly to water.

The presumptive test for coliforms does not constitute absolute identifica-
tion of these organisms. All positive presumptive tests for coliforms should
be confirmed by further testing if the results are to be considered as valid.

Confirmation of Presumptive Tests for Coliforms

If violet red bile agar has been used as a presumptive medium, select six
representative colonies and transfer with a sterile inoculating needle from
the center of each colony to a separate tube of brilliant green lactose bile
broth. The broth should be in 16 X 150-mm tubes with an inverted vial
(10 X 75 mm). A volume of 10 ml of broth should be used per tube, and
after sterilization no air should be present in the inyerted vials. If the MPN
technique using lauryl sulfate tryptose broth has been used as a presumptive
test, three loopfuls are transferred from each gas-positive tube of the three
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TABLE 1-1
Table of Most Probable Numbers (MPN) of Coliform Bacilli per 100 ml
of Sample (Using Five Tubes with 10, 1, and 0.1 Volumes 15

Positive ¢ Positive & Positive ¢ Positive & Positive & Positive ¢
10 1 0.1 MPN® 10 1 0.1 MPN® 10 1 0.1 MPNP® 10 1 0.1 MPN® 1010.1 MPN® 1010.1 MPN®

000 O 100 2 200 45 300 78400 13 500 23
001 18 101 4 201 68 301 11 401 17 501 31
002 36 102 6 202 91 302 13 402 21 502 43
003 54 103 8 203 12 303 16 403 25 503 58
004 72 104 10 204 14 304 20 404 30 504 76
005 9 105 12 205 16 305 23 405 36 505 95
010 18 110 4 210 68 310 11 410 17 510 33
011 36 111 61 211 92 311 14 411 21 511 46
012 55 112 81 212 12 312 17 412 26 512 64
013 73 113 10 213 14 313 20 413 31 513 84
014 91 114 12 214 17 314 23 414 3 514 110
015 11 115 14 215 19 315 27 415 42 515 130
020 37 120 61 220 93 320 14 420 22 520 40
021 55 121t 82 221 12 321 17 421 2 521 170
022 74 122 10 222 14 322 20 422 32 522 95
023 92 123 12 223 17 323 24 423 38 523 120
024 11 124 15 224 19 324 27 424 41 524 150
025 13 125 17 225 22 325 31 425 50 525 180
030 56 130 83 230 12 330 17 430 27 530 79
031 74 131 10 231 14 331 21-431 33 531 110
032 93 132 13 232 17 332 24 432 39 532 140
033 11 133 15 233 20 333 28 433 45 533 180
034 13 134 17 234 22 334 31 434 52 534 210
035 15 135 19 235 25 335 35 435 59 535 25
040 75 140 11 240 15 340 21 440 31 540 130
041 94 141 13 241 17 341 24 441 40 541 170
042 11 142 15 242 20 342 28 442 47 542 220
043 13 143 17 243 23 343 32 443 51 543 250
044 15 144 19 244 25 344 36 444 62 544 35
045 17 145 22 245 28 545 40 445 6% 545 430
646 94 150 13 250 17 350 25 450 41 550 240
051 11 151 15 251 20 351 29 451 48 551 350
052 13 152 17 252 23 352 32 452 56 552 540
053 15 153 19 253 26 353 37 453 64 553 920
054 17 154 22 254 29 354 4 454 72 5541600
055 19 155 24 255 32 355 45 455 81 55524004

@ Number of positive tubes with each of three volumes used.
b All figures under MPN may be divided by 100 for reporting MPN per milliliter (or per gram).
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highest dilution to a separate tube of brilliant green lactose bile broth with
an inverted vial.

All inoculated tubes of brilliant green bile broth are now incubated for 48
hr at 35 = 1°C (95 = 1.8°F) and examined for gas in the inverted vial or
for effervescence from a cloudy medium. Absence of gas or effervescence is
considered to indicate a negative test. The number of coliforms per gram
may be determined according to the number of colonies from violet red bile
agar plates which gave positive results in brilliant green lactose bile broth.
The MPN may be calculated from the number of tubes of lauryl sulfate
tryptose broth of various dilutions which gave positive results in brilliant
green bile broth.

The confirmation test may also be made on prepoured and solidified
eosine—~methylene blue agar plates (Difco, BBL). These are streaked using a
curved inoculating needle with broth from gas-positive lauryl sulfate tryp-
tose fermentation tubes that were used for the presumptive test. This may
also be done by transferring a loopful of the tubes of broth to an
eosin-methylene blue agar plate and spreading the broth over the surface of
the plate with a glass hockey stick or inoculating needle. The plates are in-
cubated for 18-24 hr at 35 = 1°C (95 = 1.8°F).

Completed Test for Coliforms

Colonies which are typical on eosin-methylene blue agar or positive Bril-
liant Green Lactose Bile broth cultures are streaked and stabbed (butt por-
tion) on a slant of nutrient agar and are also transferred to a tube of lauryl
sulfate tryptose broth containing an inverted vial. After incubation for
1824 hrat 35 == 1°C (95 = 1.8°F) the slant is examined for the growth on
the surface and in the stabbed portion of the slant. A Gram stain using the
Hucker modification is also made on the growth from the slant. The lauryl
sulfate tryptose broth is observed for growth and gas formation after 18-24
and 48 hr incubation at 35 = 1°C (95 = 1.8°F). A spore stain is also
made.

Typical colonies on eosin-methylene blue agar are either deep brown or
blueblack with a raised portion at the center and usually, but not always,
have a metallic sheen, or are pale pink, lavender, or grayish in color and
mucoid, with or without streaks of metallic sheen.

The completed test for coliforms, then, includes culture characteristics
which indicate that the organisms are gram-negative, nonspore-forming rods
which are mesophilic, will grow either aerobically or anaerobically, and fer-
ment lactose in LST broth within 48 hr.
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Test for Fecal Coliforms (U.S. Dept. of Health, Education, and
‘Welfare, 1965)2¢

A portion of three loopfuls of each positive culture of lauryl sulfate tryptos.
is transferred to a tube of EC medium (Difco, BBL) and incubated imme-
diately. If colonies from violet red bile agar or gas-positive brilliant green
lactose bile cultures are to be tested, they should be first transferred to lau-
ryl sulfate tryptose broth and incubated until gas is produced or for 48 hr or
less. Incubation in EC broth must be carried out in an accurately regulated
water bath at 45.5 = 0.1°C (113 == 0.2°F) for 24 hr. The presence of
turbidity and gas constitutes a positive test.

Incubation temperatures for this test most commonly used are 44.5 or
45.5°C (112.1 or 113.8°F). It has been found that the lower temperature
may produce some false-positive results and the higher temperature some
false-negative results.

Detection of Salmonellae in Foods

Pre-enrichment and Sample Size

No standard procedures can be given for pre-enrichment in tests for saimo-
nellae in foods. Some groups (Galton et al,, 1964; Lewis and Angelotti,
1964)12.18 have suggested pre-enrichment in nutrient broth for 24 hr and
others have suggested preculturing in lactose broth for 24 hr (North,
1961)2° prior to subculturing in standard liquid enrichment media. For
dried or freeze-dried foods pre-enrichment has been suggested in most
casces.

The recommended sample size of food which is being examined for sal-
monellae by enrichment or pre-enrichment varies. Some investigators sug-
gest 20- or 30-g single samples, others suggest that two 25-g samples be
used. The Food and Drug Administration examines a total of 400 g per lot.

Since the AFDOUS (Association of Food and Drug Officials of the
United States) procedure (A.F.D.0.U.S., 1966)2 is that which would prob-
ably be used by regulatory agencies, the sequence of methods of testing for
salmonellae in foods recommended by this group will be described.

Enrichment of Sample

Two 25-g samples of the food are weighed out aseptically into separate 16-
oz screw-capped jars. A 225-ml portion of tetrathionate broth is added to



