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- | | Exhibit T
Food

Food S8ampling/Preparation of Sample Homogenate
April 2003

Bacteriological Analytical Manual
Chapter 1
Food Sampling and Preparation of Sample Homogenatle

Authors

The adeguacy and condition of the sample or specimen received for examination are of
primary importance. If samples are improperly collected and mishandled or are not
representative of the sampiled lot, the iaboratory results will be meaningless. Because
interpretations about a large consignment of food are based on a relatively small sample
of the iot, established sampling procedures must be applied uniformly. A representative
sample is essential when pathogens or toxins are sparsely distributed within the food er
when disposal of a food shipment depends on the demonstrated bacterial content in
relation to a legal standard.

The number of units that comprise a representative sample from a designated ot of a
food product must be statistically significant. The composition and nature of each lot
affects the homogeneity and uniformity of the total sample mass. The proper statisticsl
sampling procedure, according to whether the food is solid, semisolid, viscous, or
liquid, must be determined by the collector at the time of sampling by using the
Investigations QOperation Manual (5). Sampling and sample plans are discussed in detall

in ref. &. rs oo
Whenever possible, submit samples to the laboratory in the original unopened :

containers. If products are in bulk or in containers too large for submission to the . nie
laboratory, transfer reprasentative portions to sterile containers under aseptic 3V e

conditions. There can be no compromise in the use of sterile sampling eguipment andopr
the use of aseptic technique. Sterilize one-plece stainless steeal spoons, forceps,
spatulas, and scissors in an autoclave or dry-heat oven, Use of a propane torch or
dipping the instrument in alcohol and igniting is dangerous and may be madequata far
sterilizing equipment.

Use containers that are clean, dry, leak-proof, wide-mouthed, sterile, and of a sfze - 4
suitable for samples of the product. Containers such as plastic jars or metal cans that
are leak-proof may be hermetically sealed. Whenever possible, avoid glass containers,
which may break and contaminate the food product. For dry materials, use sterlle metsl
boxes, cans, bags, or packets with sultable closures. Sterile plastic bags (for dry, '
unfrozen materials only) or plastic bottles are useful containers for line samples. Take
care not to overfill bags or permit puncture by wire closure, Identify each sample unit
{defined later) with a properly marked strip of masking tape. Do not use a felf pen on:la

S
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plastic because the ink might penetrate the container. Whenever possible, obtain at
ieast 100 g for each sample unit. Submit open and closed controls of sterile contaaners '
with the sampie, ‘ il

Deliver samples to the laboratory promptly with the original storage conditions
maintained as nearly as possible. When coliecting lquid samples, take an additonal _ -
sample as a temperature control. Check the temperature of the control sample at the
time of collection and on receipt at the laboratory. Make a record for all samples of the
times and dates of collection and of arrival at the {aboratory. Dry or canned foods that.
are not perishable and are collected at ambient temperatures need not be refrigerated.
Transport frozen or refrigerated products In approved insulated containers of rigid
construction so that they will arrive at the laboratory unchanged. Coliect frozen sampiﬁs
in pre-chilled containers,

Place containers in a freezer long enough to chill them thoroughly. Keep frozen samples
solidly frozen at all times. Cool refrigerated samples, except shellfish and shell stock, m
ice at 0-4°C and transport them in a sample chest with suitable refrigerant capable @f 3
maintaining the sample at 0-4°C until arrival at the laboratory. Do not freeze
refrigerated products. Unless otherwise specified, refrigerated samples should not be a
analyzed more than 36 h after collection. Special conditions apply to the collection and
storage of shucked, unfrozen shelifish and shell stock {1). Pack samples of shucked
shelifish immediately in crushed ice {no temperature specified) until analyzed; keep
shell stock above freezing but below 10C. Examine refrigerated shelifish and shell stoek
within & h of collection but in no case more than 24 h after coliection. Further details on
sample handiing and shipment may be found in the Investigations Operation Manual {5)
and the Laboratory Procedures Manual {3). The Investigations Operation Manual (5) |
contains sampling plans for various microorganisms. Some of those commaonly used are
presented here, .

A, Sampling plans i; '

1. Salmonelia species v

a. Sample collection ey
Because of the continuing occurrence of Salmonelia in foods, | :E
sampling plans for these organisms have received the attention Of .
committees of national and international organizations (6,7). Each of
these committees has recommended varying the number of samiplés
from a particular lot of food according to the sampling category to
which a food Is assigned. Generally, the assignment to a sampling. -
or food category depends on 1) the sensitivity of the consumer .. .-
group {&.g., the aged, the infirm, and infants); 2) the possibility, that
the food may have undergone a step lethal to Salmonelfa during the
manufacturing process or in the home; and 3) the history of the, .
food, The selection of & sampling plan depends mainly on the first, 2
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criteria cited, The history of the food would be important in cﬁet:icii—n;g
whether to sample, i.e., whether there was a past history of '

contamination. For the Saimmeiia sampling pian discussed here, 3
categories of foods are identified. :

Food Category 1. - Foods that would not normally be subjected t:m
a process lethal to Salmonelia between the time of sampling and -~
consumption and are intended for consumption by the aged, the' - nf
infirm, and infants. o

Food Category IL. - Foods that would not normally be subjectgé to
a process lethal to Sa/fmonelia between the time of sampling and
consumption. R

Food Category IIL. - Foods that would normally be subjected to &
process lethal to Safmonedfla between the time of sampling and : g
consumption.

In certain instances, it may not be possible to fully conform to the”
sampling plan. Nonetheless it is still important to ascertain whether
or not Salmoneiia is present in the suspect food. Therefore, the . .0
analyst should still try to ana%yze as many anabytical units as is
required for the food of interest, i.e., 60 analytical units for Categury.
I foods, 30 anabytical units for Category II foods, and 15 analytical
units for Category I foods. Individual 25 g analvtical units may be
combined into 375 g composites as described above unless o o
otherwise Indicated In Chapter 5 or the OMA. Below are examples af
situations that might confront the analyst.

”,”23
1} The number and weights of the sample units is correct. .

Each sample should be mixed to ensure homogeneity before |
withdrawing a 25 g analytical unit. The analytical units can be
composited (fifteen 25 g units into a 375 g composite}, unless
otherwise indicated in Chapter 5 or in the OMA, Samples
should be preenriched at a 1:9 sample-to-broth ratio.

2} The number of sample units is correct, but several of‘ thé ?
sample units have been damaged and are unusable. '

For example, fifteen 1 Ib bags of pasta have arrived for testmg,
but 5 of the bags are torn and unusable. In this case, the
analyst should only sample from the 10 intact bags. The
contents of each intact bag should be mixed to ensure "
homogeneity before the analytical units are withdrawn. Smce
the analyst needs one 375 g composite, ten 37.5 g analytical”
units, from the remaining 10 intact bags, should be used to.:
form th@ composite. The composite should be combined with
its preenrichment medium at a8 1:9 sample-to-broth ratio (378
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g sample/3375 mi preenrichment) as directed in Chapter 50?
the OMA,

3) The number of sample units Is incorrect, but the total
weight of the sample unit(s) Is greater than what would be
necessary to perform the sample analysis,

For example, a single 10 b wheel of cheese has arrived for -
testing. Since cheese is a Category 11 food, thirty 25 ¢
analytical units must be analyzed. These analytical units should
be taken randomly from a wide variety of locations around the
wheel, If Saimoneliz is present in a food, then the odds ofice
detecting it will be enhanced if two 375 g composites are’ o
analyzed rather than a single 25 ¢ analvtical unit, as would be
the case if the analyst were {0 treat the entire wheel as a sangie
sample. s

4} There Is less sample available than is necessary to form the
required number of composites.

For example, an 8 ¢z (226.8 g) bag of almonds has arrived for
testing. Almonds are a Category II food, Category II foods
require thirty 25 g analytical units (750g), so it is impossible to
analyze the amount of almonds required by the sampling plan.
Ins this case, the analyst should analyze all of the almonds ab a3
1:9 sample-to-broth ratio (226.8g sample/2041 mi Citye
preenrichment medium). .

If, in the above example, the total weight of the almonds had,
been less than 2 composites (750 g}, but more than 1 ale
composite, then the analyst should analyze both a whole aﬂd a
partial composite. The analytical units comprising these '
composites should be taken randomly from a wide variety of =
locations in the lot of almonds. Both composites, should be
preenriched at a 1:9 sample-to-broth ratio,

This sampling plan applies to the collection of finished products * =
under surveillance and/or for determination of compliance for -~ .
regulatory consideration. It also applies 1o the collection of factory &
samples of raw materials in identifiable lots of processed units s+

and/or finished products where regulatory action is possible, It deﬁs
not apply to the coliection of In-line process sample units at various

stages of manufacture since those samples do not necessarily 5%

rapresent the entire lot of food under production. The actual e
technigues involved in sampling are coverad in the Investigations' .

Operation Manual (5).

A sample unit consists of a minimum of 100 g and is usually a
consumer-size container of product. Take sample units at random t@
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ensure that a sample Is representative of the lot. When using sample
containers, submit a control consisting of one empty sample
container that has been exposed to the same conditions as those
under which the sample was coliected. Collect more than one
sample unit from large institutional or bulk containers when the
number of sample unils required exceeds the number of containers.
in the lot. A sample unit will consist of more than one container )
when containers are smaller than 100 g {(a.g., four 25 g cantamersw
could constitute a sample unit}. g

The numbers of sample units to be collected in each food category |
are as follows: Food Category 1, 60 sample units; Food Category 1,
30 sample units; Food Category III, 15 sample units. Submitall
samples collected to the laboratory for analysis. Advise the
laboratory in advance of perishable sample shipments.

b. Sample analysis

The laboratory will analyze each sample for the presence of
Salmonelfa according to methods described in this manual, orin
Official Methods of Analysis (2). Take a 25 g analytical unit at
random from each 100 g sample unit. When a sample unit mnssst
of more than one container, aseptically mix the contents of eaci;g,
container before taking the 25 g analytical unit. To reduce the ‘f.
analytical workload, the analytical units may be composited. The ..
maximum size of a composite unit is 375 g or 15 analytical unitg,,
The minimum number of composite units to be tested for each f@a‘ﬁ
category is as follows: Food Category I, 4 composite units; Food
Category 1, 2 composite units; Food Category I, one composite
unit. For each 375 g composite, the entire amount of 375 g is
analyzed for Salmonelia,

mé

Keep the remainder of the sample unit in a sterile container for
compliance requirements as per section 702{b} of the Federal Food,
Drug, and Cosmetic Act as amended through February, 19983,
Refrigerate perishable samples and samples supporting microbial .
growth. An analytical control Is required for each sample tested. Tiae
sampled lot is acceptable only if analyses of all composite units’ ar@.&.
negative for Safmonelia. If one or more compasite units are passtave
for Salmonefia, the lot is rejected, provided that the anabytical =~
control is negative for Salmoneffa. A lot will not be resampled unless
the environmental control for Salmonella is positive. For all samples
positive for Salmonefia, determine the somatic group. See Chapter 5
for information on further handiling of these cultures,
Recommendations for regulatory action may be based on the
identification of the Salmonella somatic group and will not require -~
definitive serotyping before initiation of regulatory action.

¢. Imports. s

National Beef Ex. 1007

Page 1402



These sampling plans apply to imported food products intended far
human consumption.

. Classification of food products for sampling purposes

Foods that have been classified into the 3 categories described
above for regulatory sampling are listed In the categories accmrﬁmgp
to the Industry Product Code sequence and nomenciature (4). ~
Listing does not necessarlly mean that these products are probabie ‘
sources of Saimonelfla. Food Category I. - Foods that would not’
normally be subjected to a process lethal to Safmonefla between the
time of sampling and consumption and are intended for .
consumption by the aged, the infirm, and infants. Food ﬁategsw
¥1. - Foods that would not normally be subjected to a process lethal
to Salmoneliz between the time of sampling and consumption.
Examples are as follows:

Industry Product Code

2 ~ Milled grain products not cooked before consumption (bran**’
and wheat germ) _

3 Bread, rolls, buns, sugared breads, crackers, custard- and
cream-filled sweet goods, and icings

Breakfast cereals and other ready-to-eat breakfast foods
Pretzels, chips, and other snack foods e

g Butter and butter products, pasteurized milk and raw fluld
milk and fluid milkk products for direct consumption,
~ pasteurized and unpasteurized concentrated Hguid milk
products for direct consumption, dried miltk and dried milk
oroducts for direct consumption, caseln, sodium caseinate,
and whey

12 Chesse and cheese products

13 Ice cream from pasteurized milk and related pmducts that* ,
"~ have been pasteurized, raw ice cream mix and related S
unpastaurized products for direct consumption o

14  Pasteurized and unpasteurized imitation dairy products fm‘
direct consumption

15 Pasteurized sggs and egg products from pasteurized eggs,
unpasteurized eggs and egg products from unpasteurized
eggs for consumption without further cooking

16 Canned and cured fish, vertebrates, and other fish products;.
fresh and frozen raw shellfish and crustacean products for
dirgct consumption; smoked fish, shellfish, and cmgtaceans
for direct consumption

17 Meat and meat products, poultry and poultry products, and
gelatin {(flavored and unflavored bulk)

453

%

~d

.“!5‘" '
I
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20-22 Fresh, frozen, and canned fruits and juices, concentrates, -
and nectars; dried fruits for direct consumption; jams, 3e§§ses,
preserves, and butters

23 Nuts, nut products, edible seeds, and edible seed products'.’
for direct consumption ‘

24  Vegetable juices, vegsetable sprouts, and vegetables normally
eaten raw

26  Qils consumed directly without further processing;
gleomargarine

27  Dressings and condiments {(including mavyonnaise}, salad
dressing, and vinegar

28  Spices, flavors, and extracts

29  Soft drinks and water

30 Beverage bases B

31 Coffee and tea inas,

33 Candy {with and without chocolate; with and without nuts)
and chewing gum :

34  Chocolate and cocoa products

35 Pudding mixes not cooked before consumption, and gelatin™
products

36 Syrups, sugars, and honey

37 Ready-to-eat sandwiches, stews, gravies, and sauces
38 Soups

39 Prepared salads

54 Nutrient supplements, such as vitamins, minerals, proteins,
and dried inactive yeast

Food Category III: Foods that would normally be subjected to a.
process lethal to Salmonelfa between the time of sampling and ., .
consumption. Examples are as follows: :

Industry Product Code

2 Whole grain, milled grain products that are cooked before
consumption {corn meal and all types of flour), and starch
products for human use

3 Prepared dry mixes for cakes, cookies, breads, and rolis

4 Macaroni and noodie products

16 Fresh and frozen fish; vertebrates {except those eaten raw)i’,
fresh and frozen shelifish and crustaceans (except raw shellfish
and crustaceans for direct consumption); other aguatic animals
{including frog legs, marine snails, and squid) TR

18 Vegetable protein products {simulated meats) normally cooked
before consumption
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2.

8. Eguipment and materials

1.

b

QU W

=

24 Fresh vegetables, frozen vegetables, dried vegetables, cured
and processed vegetable products normally cooked before
consumption

26 Vegetable olls, ol stock, and vegetable shortening

35 Dry dessert mixes, pudding mixes, and rennet products that are
cooked before consumption

Aerobic plate counts, total coliforms, fecal coliforms, Escherichiacoli

{including enteropathogenic strains), Staphylococcus spp., Vibrio spp;,

Shigelia spp., Campyliobacter spp., Yersinia spp., Baciliuscereus, and’ish
Clostridium perfringens ey

a. Sample collection

From any lot of food, coliect ten 8-0z subsamples (or retail
packages) at random. Do not break or cut larger retail packages to
obtain an 8-0z subsample. Collect the intact retall unit as the
subsample even If it is larger than 8 oz.

b. Sample analysis.

Analyze samples as indicated in current compliance programs.

Mechanical blender. Several types are available. Use blender that has
several operating speeds or rheostat. The term “high-speed blender”
designates mixer with 4 canted, sharp-edge, stainless steel blades
rotating at bottom of 4 lobe jar at 10,000-12,000 rpm or with equivalent
shearing action. Suspended solids are reduced to fine puip by action of
blades and by lobular container, which swirls suspended solids into
blades. Waring blender, or eguivalent, meetls these requirements.

Sterile glass or metal high-speed blender jar, 1000 mi with cover,
resistant to autoclaving for 60 min at 121°C

Balance, with weights; 2000 g capacity, sensitivity of 0.1 g

Sterile beakers, 250 mi, low-form, covered with aiummum foil

Sterile graduated pipets, 1.0 and 10.0 mi

Butterfield's phosphate-buffered dilution water (R}, sterilized in boltle s i:@
yigld final volume of 90 £ 1 mil

Sterile knives, forks, spatulas, forceps, scissors, tablespoons, and tongue
depressors (for sample handling}

C. Receipt of samples

1.

The official food sample is collected by the FDA Inspector or
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investigator. As soon as the sample arrives at the laboratory, the analyst
should note its general physical condition. If the sample cannot be
analyzed immediately, it should be stored as described iater. Whether the
sampile is to be analyzed for regulatory purposes, for investigation of a
foodborne iliness cutbreak, or for a bacteriological survey, strict
adherence to the recommendations described here is essentlial,

2. Condition of sampling contalner. Check sampling containers for gross
physical defects. Carefully inspect plastic bags and bottles for tears, ¢
pinholes, and puncture marks. If sample units were collected in plastic
hottles, check bottles for fractures and loose lids. If plastic bags were ¢
used for sampling, be certain that twist wires did not puncture
surrounding bags. Any cross-contamination resuiting from one or more of
above defects would invalidate the sample, and the collecting district
should be notified (see (-5, below) :

3. Labeling and records. Be certain that each sample is accompanied by a
completed copy of the Collection Report (Form FD-464) and officially
sealed with tape (FD-4153) bearing the sample number, collecting
official’s name, and date. Assign sach sample unit an individual unit ¢
number and analyze as a discrete unit unless the sample is campaﬁiteaﬁi as
described previously in this chapter.

4, Adherence to sampling plan. Most foods are collected under a
specifically designed sampling plan in ong of several ongoing camp%sameﬁ
programs. Foods to be examined for Safmonelia, however, are sampiecﬁ
according to a statistically based sampling plan designed exclusively for
use with this pathogen. Depending on the food and the type of analysis to
be performed, determine whether the food has been sampled accemmg m
the most appropriate sampling plan.

5. Storage. If possible, examine samples immediately upon receipt. If
analysis must be postponed, however, store frozen samples at -20°C until
examination. Refrigerate unfrozen perishable samples at 0-4°C not longe?
than 36 h. Store nonperishable, canned, or low-moisture foods at room
temperature untll analysis.

6. Notification of m%%ec&mg district. If a sample faills to meet the abave
criteria and is therefore not analyzed, notify the collecting district so that'a
valid sample can be obtained and the possibility of a recurrence reduced.

0. Thawing

Use aseptic technique when handling product. Before handiing or analysis of - (4
sample, clean immediate and surrounding work areas. In addition, swab b
immediate work area with commercial germicidal agent. Preferably, do not thaw
frozen sampies before analysis. If necessary to temper a frozen sample to obtain
an analytical portion, thaw it in the original container or In the container in whigh,
it was received in the laboratory. Whenever possible, avold transferring the
sampie {0 a second container for thawing. Normally, a sample can be thawed at .
2-5°C within 18 h. If rapid thawing is desired, thaw the sample at less than 45°C
for not more than 15 min. When thawing a sample at elevated temperatures,..
agitate the sample continuously in thermostatically controlled water bath, .. ;
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E. Mixing

Various degrees of non-uniform distribution of microorganisms ars to be
expected in any food sample. To ensure more even distribution, shake liquid>
samples thoroughly and, if practical, mix dried samples with sterile spoons or
other utensils before withdrawing the analytical unit from a sample of 100 g or .
greater. Use a 50 g analytical unit of liquid or dry food to determine aerobic p atss
count value and most probable number of coliforms. Other analytical unit si zes
{e.g., 25 g for Salmonelia) may be recommended, depending on specific e
analysis to be performed. Use analytical unit size and diluent volume
recommended for appropriate Bacteriological Analytical Manual method bel ng
used. If contents of package are obviously not homogeneous (e.¢., & frozen
dinner), macerate entire contents of package and withdraw the anaEytacai unit,
or, preferably, analyze sach different food portion separately, depending on
purpose of test. -

F. Weighing

Tare high-speed blender jar; then aseptically and accurately (£ 0.1 g) weagh
unthawed food (if frozen) into jar. If entire sample weighs less than the recgu;red
amount, weigh portion eguivalent to one-half of sample and adjust amount af o
diluent or broth accordingly. Total volume in blender must completely cover
blades.

G. Blending and diluting of samples requiring enumeration of
microorganisms

4

1. All foods other than nut meat halves and larger pieces, and msii-f ‘
‘meal. Add 450 mi Butterfield's phosphate-buffered dilution water to
blender jar containing 50 g analytical unit and blend 2 min. This results in

a dilution of 1071, Make dilutions of original homogenate promptly, using
pipets that deliver required volume accurately. Do not deliver less than
10% of total volume of pipel. For example, do not use pipet with capacity
greater than 10 mi to deliver 1 mi volumes; for delivering 0.1 mi veiumegg
do not use pipet with capacity greater than 1.0 mi, Prepare all decimal®
dilutions with 90 mi of sterile diluent plus 10 mi of previous dilution, unless
otherwise specified. Shake all dilutions vigorously 25 times in 30 cm (1 )
arc in 7 s. Not more than 15 min should elapse from the time sample is
blended untli all dilutions are In appropriate media.

2. Mut meat halves and larger pleces. Aseptically weigh 50 g analyti cai :
unit into sterile screw-cap iar. Add 50 mi diluent {G-1, above) and shake

vigorously 50 times through 30 cm arc to obtain 10Y dilution. Let stangd
3-5 min and shake 5 times through 30 cm arc to resuspend just before
making serial dilutions and inoculations. g in
3. Nut meal. Aseptically weigh 10 g analytical unit into sterile screw-cap ngart
Add S0 mi of diluent (G-I, above) and shake vigorously 50 times through :

o~
. \!".

LY
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30 cm arc to obtain 107! dilution. Let stand 3-5 min and shake 5 times ..
through 30 om arc to resuspend just before making serial dilutions and
inoculations,
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EXPECTED PROPORTIONAL RESPONSE IN A MULTIPLE-TUBE DILUTION SERIES.

INTTIAL INOCULUM CONTAINS 2 x 107 PROPAGULES/mi; DILUTION FACTOR = 10
Dilution Maan Expected proportion tubes Expected no. tubes
tested inoculum positive for

Tevel/tube™ %asitive negative I — T
" E ooyl (P _,} 1 5 0
il =l tubes inoculated

1073 200 .999 0.061 3 10
13“5 20 3.399 0.001 1 5 16
19~ 2 0.885 3.13% 1 4 g
1076 0.2 0.181 0.8%8 8 1 ¢
10/ 0.02 g.020 3.980 a { 8
158 0.002 3.062 0.998 g g 0
* 3 o B . N - "

‘ uming 1 ml of dilution added to medium in esch tube.
"Gﬁr

=
o O 8k
3 050}

5 gl ,/{

) £ oanof
,f&"r/
) il i 1 i i
[ 0 Pl 1 10 108%
Meas incubation level im}

8.1 Expected proportion of cultures giving positive response for various mean
inoculum levels (m)

8.2 Single tube dilution tests

If only one tube is inoculated at any given dilution Tevel, only two responses
Ins

are possible, i.e. negative {F__,) or positive (P . Where presence or zbsence
x=0 P o2t B

o).

tests (P/A) are used at various dilution ieveis, it is not uncommon for “skips®

10 oCcur, 8.9,
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118
Bilution 197 1072 1073 107 167"
Response + + + ~ +

The probability for a negative response {i.e. iess than one “visble propagule/
tube®} is dependent upon the level of organisms in the original sample. For
instance, if the above series were derived from a sample containing (say} Sx 1@3
vieble propagules/ml, the probability for the observed results at the 13*4 and
10'5 ditutions {assuiming 1 m inoculum) would be 0.52 and 0.05, respectively.
Hence, the resylt cbtained on the 10"4 dilution might be expected to occur in
61 tests out of 100 {i.e. & in 106} and that on the 10M5 dilution in 5 tests out
of 100 {i.e. 1 in 20). Neither of these results would be improbable. However,
it the original ingeulum contained only 1 x 183 viable propagules, the relative
frequencies for the observed results in the ?Qué and 10"5 dilutions would be
8.90 and < 0.01, respectively. Hence, the shserved result at ?0"4 dilution could
be expected to cecur in § tests out of 10, but that at the 1&“5 ditution might
reasonably be expected only in one oul of moré than 100 tests. Such a result
would be improbable, but not impossible. The probabilities for such an observa~
tion are Visted for various values of m in Table 8.2, from which it can be seen
that a "skip" could occur by chance at least once in avery 20 tests for mean
inoculum levels between 0.5 and 3 viable propagules/culture at the 107% ditution,
When such skips occur, the snalyst 1s not able to decide whether the cbserved
result could have beep expected o occur merely by change {i.e. P > 0.05} or
whether the probability of its occurrence is so remote that the resuli should
be ignored.

Caloulation of the initial contamination Jevel using data derived from a
single~tube assay, st best, can give only an approximate indication, as i1lus-
irated in Ex. 8.1, Howsver, 1% should be noted that the sccurrence of & *skip®
can veduce the range of the 95% confidence Vimits {Ex. §.1.8) compared with the
sharp demarcation shown in Ex. 8.1.8. Such results should therefore always be
recorded, though in general it is dubious whether it 4s Justifiable to attempt
to derive probable contamination levels for singie-tube dilution (P/A) tests,

It should be noted that the calculation of these confidence Timits assumes
Poisson distribution (which may nst be correct) and ignores any effects of
dilution or other technical ervors. In the single~tube, as in multiple-tube
series {§ 8.3.2} the confidence Vimits for the results can be improved by reducing
the dilution interval {i.e. 1 in 2 dilution is better than 1 in 4, which is
better than 1 in 10}, since the response curve obtained would be smoothed out
te some extent {g.g. the 95% confidence limits for sn initial dilution of ?3“3
followed by sequential 2-fold dilutions, pasitive at 21 and Z but negative at
2? and 24 would be 200 to 12,000 propagulessunit of criginaggg
8.1.A,

ample, c.f. Ex.
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TABLE 8.2

PROBABILITIES OF OUCURRENCE OF “SKIPSY IN A SINGLE-TUBE DILUTION SERIES FOR
VARIOUS INOCULA LEVELS

Mean inoculum Probabi?ity* of occurrence of
-
4 se st et
level in dilutien 107¢ negative result {(Fp=q) pesitive resuit (Fes)
3 v
) at dilution 10727 at ditution ta-{s+1)?
g.01 .99 << 0.01
0.35 0.85 ¢.01
J.1 4.80 g.01
8.2 .82 g.02
3.3 g.74 0.03
2.4 3.67 0.04
e mew ews eme mEs GEKC KRS SRR Kas Amml mma Amm maa hem e wwe s S e W e Wwae e Ve ems e bevh v war *x
3.5 .61 {ca. 1 1in 2) 8.05 {1 in 26}
0.6 0.55 0.08
4.7 §.50 0.07
g.8 8.4% .08
f.9 3.41% 0.09
1.0 3.37 §.190
2.9 5.14 8.18 ‘
3.0 0.85 {1 in 20} §.26 {1 in 4}
Lz
4.0 £.062 0.33
5.0 < 8.1 0.4
30.¢0 << §.0§ 8.95%

*: To 2 significant places,
95% confidence limits for hoth events to ocour,

1072 = dilution level e.g. 3071 5 107 © jext ditution Tevel, e.g. 1072,

3
H

Example 8.1, Caleulation of initial contamination level from s single-tube dilution series

Assume 10~fold serial dilutions, with 1 mi inoculum from esch dilution and the following results
obtained:

Fitutien R e T R T
Response in series: {A} + + - - -
{8} + + - . .

{A} series: the presumed initial contamination lavel liss between 1 x 103 and § % 15 propagules/
mi of ariginal sample. But from Table 8.2 the probability that a positive result P(x&i) =1~ P(xsﬁ)
wili occur in at Tesst | in 20 tests at ditution 107% (f.e. 1077 in this exampie) 15 associated
with a mean inoculum level ranging upwards from 6.05 propaguies/unit volume of dilution {107%}. The
b in 20 chance of & negative result P{zgﬁ} at the 10~‘3+1) diiyticn ranges downwards from & mean
inccuium Tevel of 3 propagules/unft volume of dilution xa“{3*1’, i.e. < 30 propagules/unit volume
of dilution 1075,

Z
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Hence, although the apparent contamination level is 1000~ 10,008 propagules per unit of original
sample, the 85% confidence limits range from 0.0% x 10 {t.2. 56} to 30 x 10° {1.8. 30,000}, There-
fore result {A) indicates, with 95% confidence, that the contamination Jevel lies betwsen 5¢ and
30,000 vishle propagulessunit of original sample!

(B} series: the apparent contamination level is elther » 133 and « 164 or » 105 and < 106
propagules, (i.e. between 17 and 0% propagulesfunit of original ssmple.) Applying the same
approach as that applied for the {4} series, the $5% limits for the count of 10° - 104 are &) -
30,008 propagulas, whilst the YVimits for the count being iﬁs ~ 106 are 6,000 ~ 3,000,500 propagules,
The likelikood of the combinations neeureing in st Teast 1 in Z0 tests is limited so that the most
probable contamination level {§5% confidence Timit) liss betwsen 5.000 and 30,000 propagulesfunit
of eriginal sample. These limits are shown {(**) in Table 8.2.

8.8 Multiple-tube dilution series

§.8.1 Multiple tubes at a single dilution lgusi

If more than one tube is inoculated at avgiven dilution level, either all
tubes show a positive or negative reaction {when numbers of organisms incculated
are very high or very tow, respectively), or a graded response is achieved with
some tubes remaining siterile whilst others exhibit growth {see last 2 columns,
Table 8.1}, For 3 single ditution level, it may be shown that the probabitity
for no organisms {i.e. <} fertile propagule) occurring in a sample of volume v
when the true density = m organisms/unit volume is given by p = e 1fm
samples each of volume v are tested and, of these, s samples are sterile, then
the proportion of sterile samples {g/n) provides an estimate of ¢. Hence:

v

¢ =s/n=e and

mo= ~{1/v) In {a/n} = ~{2.303/v) log {a/n)

where Tn and Tog are logarithms to bases e and 10, respectively. The value m
s the most probable number (A7) of organisms per ml.

If the probability that a ssmple is "sterile® is Pys then the probability
that a/n samples are sterile is given by the binomial expansion as
)ﬂ'&

Tood ot f e &!
elin - &)l -
nafaiin - &)l pdl - py

but since p_ = & *", this expression may be rewritten ag:
By
[ni/siin - 5)1] ™7™ (1 - ¢"vm{n=s)

The derived terms from this expansion permit the construction of a curve
showing probability (p) against density of organisms (m}. This is i1lustrated
{Fig. 8.2} for two values of s/n and assuming v = 1 ml; when s/n = §.8, the
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most probable number (MPN} of organisms inoculated (#) = 0.51 propagules/mi;
when g/n = 0.4, MPN () = 0.92 propagules/ml. These valuss are the same as those
derived using & = ~{1/v}inle/n). From the shapes of the curves it s clear that
many other densities of organisms could also give the observed ratios {a/n) of
0.4 or 0.8, though with Tower probability,

&8 & stecrile tubes {3} 710 tubes tested {n)
o0 4 sterile tubes {s! /10 tubes tested { n}

n! - - s}
5 e oSV (§ o myyn-s]
stin-shi

pies steriie
N
5%

N

(=~
i
e,

Ry
P

Probability [P} 2100 that s/n sam
=
8.,
\\\M\
\\
—

T
—
T,

0 i E) 4 W
8] o2 04 o8 88 10 $-2 14 i-8
Density of organisms {m)

8.Z Probability distribution for multiple-tube dilution test at single ditution
Tavel

{ National Beef Ex. 1007
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8.3.2 Multiple-tubes ot several dilution levels

In practice, more than one dilution level is necessary since the precision
of the MPN is very poor when the number of organisms inoculated is Tikely to
give either all pesitive or all negative results. When all replicate tests are
positive, maximum probability cccurs when m is infinite, so that the estimated
density (m) is also infinite. ¥When all results are negative, the estimated
density is zero at maximum probability, Thus, a single dilution is of value only
it the numbers of organisms inoculated {mr) is chosen so that some tests give
a positive and others 3 negative result,

When more than one dilution level s used, an estimate of population density
{m) can be derived for each dilution level, In a series with incculum volume vy
and 8, tubes starile out of gy tubes tested, the estimated density of organisms
for the 4th dilution s given by:

m, = ~(25393fvi) 1og (si/ni)

However, since the best sstimate for each dilution will vary in precision,
it s not possible to take the arithmetic mean of the estimates for each dilu-
tion level in order to derive an overall estimate. Two primary methods exist
for deriving the best estimate of numbers.

8.8.2.1 Stevens’ method for multiple dilution levels. Fischer and Yates
{1954} published Tablies based on the mean fertile lovel {x} and the mean sterile
Tevel (y} where z = number of positive results at all dilution Tevels divided
by the number of cultures (n) at each Tevel, and y = number of levels minus .
Using the same notation as before {i.e. 8, is the number of sterile cultures
{negative results) out of ny tubes at the £th dilution Tevel), then

~
{
i

x = % h(nl -y (ng - 92) toees # {ny - 8} n

and
¥y =4 -z

One then enters the appropriste Table (Table 8.3} for values of z or ¥ ac-
cording o the number of dilution levels and the dilutisn ratio in order to
determine a factor X. The estimated number of organisms is then given by

fog A =2 Tog a - X

Y

where X = estimate of number of organisms { = %) and qa = dilution ratio, Hence
for 10-fold dilutions:

ngr=x ~K
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TABLE 8.3

¥ VALUES FOR DETERMINING THE DENSITY OF DRBANISHMS BY THE DILUTION METHOD
{from Fisher & Yates, 1954)

Value of Value of X for
x

4-Fold dilutions with 10-fold ditutions™

4 5 * 8 (> 3 levals)

levels x % 4 x> i
3.8 - - G.763
0.1 - - f.788
g.2 - - - $.768
0.3 - - - 3.780
g.4 G.704 §4.708 0.707 3.781 3.747
8.5 - - - 0.740 2.736
8.8 J.681% 0.617 g.618 0,733 0,733
8.7 - ~ - $.738 0.738
0.8 0.573 G.578 3.577 3,744 0,749
0.9 - - ~ 3.753 §.753
1.8 {1,555 3.558 3.559 0.763 1.763
H 3.545% 0,551 0,553,
2.0 3.537 4.548 §.851%
2.5 - 2.545 .582

Whea = > 1 enter Table with decimal part of x only.

The variance of the estimate of log A is given by:
/7 {log 2) {log «}
Hence for {8-fold dilutions:
85, .= 1/m {(lag 2) = 0.301/n
log A in Ai0g oo

This method is applicable to 2~, 4~ and 10-fald dijution ratios with not less
than 4, 4 or 3 dilution levels, respectively. Unfortunately, the method does
not discriminate in any way betwsen valid and invaligd series of results (ses
§ 8.3.2.2 helow),

8.3.2.2 Mogt proboble number method for multiple dilution levals. The most
probable number method is an extension of the concept used above {§ 8.3.1) for
miltiple tubes at a single Tevel. Assuming that for £ dilution levels we have
the foliowing proportions of steriie cultures:

-

%
ﬁéationalBeefEx.1007
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31/n1* Szfﬂz, 93/n3 e si/ni
then the probability that these events should all happen at once can be derived
from the product of the probabilities thet each individual event would occur.
As before, a graph of the probability against m shows a single waximum, and the
value of m at Lhat maximum probability is takem as the Mosi Probable Number (m).
As pointed out by Cochran {1850}, the value of m cannot be writien down
explicitly, but can be derived from the eguation:

. ot ) ALITE VI
& b By b oee. F 8Dl = - g} v i - +
Byvq * SpUn + Bqvg 8.0, LLn1 ?} vy e 1 - e 33

+ Diny - 5,0 v, e 72701 - e"”2m33+ﬂcn3 - 53] vy e VI - 2PN w L s

+ L, - sy) v, &1 < @]

Metheds for solving this equation by iteration have been given by Halvorsen
and Ziegler {1933} and Finney (1947}, More recently De Men {1975, 1983} used
computer techniques to derive the composite probability distribution curves for
various combinations of results, dilution levels and culture numbers.

For routine purposes, standard Tables can be used to derive the mest probable
pumber of organisms in a sample. Such Tables, cited in the publications of
Woodward {1957}, DHSS {1983}, AOAC (1975}, APHA (1876}, ICMSF (19783, do not
always provide data on the confidence Yimits which can be appiied to the MPN
values and in some instances include many unacceptable and improbable results
{1.e, nonsense codons; De Man, 1975).

Both Woodward {1957) snd De Man (1975} have pointed out that the occurrence
of many imprebable results indicates some malfunction in the performance of the
MPH tests. As an extreme example De Man (1975) oites the case of a result 0, 0,
1) positive results from a ifi-tube 3-dilution series (103 - 13"2). The MPH for
such a result can be caleulated as 0.9 propagules/mt with 95% confidence limits
of 6.5 - 1.7, However, the probability of obtaining such 2 result is only 0,17 x
19_24 when the mean incculum level s 0.9 organisms/ml. Furthermore, it should
be noted also that the method of Stevens {8 8.3.2.1) would give the same esti-
mate of the number of organisms {X = 1.73; 95% CL = 0.78 ~ 3.8%) for this codon
{0-0~10} as for the codons 0-10-0 and 10-0-0; howaver, only the Tatter would
be an acceptable result and the MPN according to De Man (1975) would be 2.3
with 95% CL of 1.2 - 5.8,

In order to assess whether an improbable result has been obtained, it is
possible to test the goodness of it of observed results with expected results
using the xz test. However, Moran {1854 a,b; 1358) has proposed a move severe
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test which fs applicable, however, only whan the extreme dilutions give approx-
imately 0% and 1003 positive results, Moran's test is performed by calculating
a value ibbsc which 1s given by:

Topg = % frmu {n - fom}
where fm = the number of positive results at each dilution and n s the fotal
number of tubes at each dilution. The expected value of T (W ) and the
standard error of 7 SE } are then obtained from Table (8. 4‘ and a value & 1s

derived for the 51gr1‘ cance of the d!fferﬁrue between Tobs and Iéxp’ viz:

M= (T = Tpyol/SE,

¥alues of & » 1,845 or s 2.326 ocour by chance with probabilities of € 0.05 and
% §.01 respectively. The use of this method is illustrated ia £x. 8.2.

TABLE 8.4

EXPECTED VALUES OF 7 'W ) AND STANDARD ERROR OF 7 (SET) FOR MORAN'S TEST

n !exp StT
2* 4% 10% 2 4% Hik

5 28 10 §.02 5,69 4,02 3,92
g 39 15 .03 7.63 5.49 4.1%
7 42 21 12.64 9.75 .89 5,35
g 56 28 16.86 12.02 8.50 £.60
g 72 36 21.67 14.48 10.22 7.83
10 4G 45 27.0% 17.03 12,08 9,34
11 110 55 33.11 19,74 13,96 10.83
12 132 66 38,74 22.58 15.47 12,39
13 186 78 45,96 25.55 18.07 14.02
14 182 91 54,79 28.63 20.24 15.71
15 210 105 63.22 31.83 22.51 17.74
18 240 120 72.25° 35.14 24.85 19,28
17 772 136 81.58 38,56 27.97 21,36
18 306 153 92.12 42.07 29.75 23.08
19 342 171 102.95 45,70 32.31 25.08
20 380 180 118,39 45,41 34,94 27,14
30 870 435 261.90 9%.53 £4.72 50.22
44 1560 730 469.61 141,49 109.05 77.63

n= number of tubeg 1racu1aked from =23ch ditution.
* pitution factor,

|

s
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Example 8.2, Use of Moran's test for validity of midtiple~tube ditution counts

Assume the following results ohtained in a miltipie-tube dilution 3383y, using 10 tubes at sach
dilution Tevel;

Bilutian R I
Ne. tubes positive (A}: 10 1@ 8 4 e
(8): 1o 3 7 5 8

Far series (A};
Ebbs = 16 {10 -~ 16} + 0 {30 -~ 10) + & {10 ~8) + 4 {10 - 4) + 0 {10 - 0}

LR F Y SR

- = 40
B From Table 8.4
léxp = 27.09 and SET = 5,34
3 then:
MA = {40 -27.59}/9.38 = 1.38
Since My < 1.85, the observed results for series {A) do not differ significantly {2 > 0.05) from
these expecied and the series i valid for a MPN calzulation,
3 For series {B):
: Tops = 18410 = 10) « 9 130 - 9 « 7410 - 7) + 5 (10 - 8) + § {15 - 0}
g
=028+ 21 425 40
= &4
from Table 8.4:
jéxp = 27,09 and SE&,* 9,38
then
MB = {84 ~ 27.08}/9.34 = z.88
Since Mg > 2.3%6, the observed number of positive tubes differs significantly {p « 0.01) fromw the
expacted number and tharefore series {B} provides an improbable result from which to calculate a
MPN.
E Cochran {1950) pointed ocut that in planning an MPN test the following deci- f
;i sions are required: {1} the range of volumes o be tested; {2} the dilution B
et

factor to be used; and {3) how many tests to be froculated at each ditution
level. In planning such a test, the aim is to obtain equal precision across a
numder of possible Tevels of cel) density, i.e. the ratio between the standard
ervar and the true density should be unity. When the density of organisms is
expected to be reasonsbly constant {e.g. in analysis of a water supply of known

Nationa €

. 10U
Page 1420



128 N

quality} it is possible to select inoculum levels such that the lowest dilution
volume {i.e. largest volume of inoculum} should contain at least one propagule
and that the highest dilution (i.e. smallest volume) should contain not more than
two propagules. Hawever; when the upper density of grganisms nears the limit

of the test for the dilutions chosen, the probability of obtaining all positive
cultures is greater for 3 small number of replicates at sach dilution level

than for 3 large number of replicates. Hence, it 15 safer to use the rule that
the maximum numbar should not exceed | propagule per volume of the highest
ditution. This can be done by "guesstimating” the limits (ﬁL and ﬁH) hetween
which the true density would be expected to Tie; then Vy s 1/%# and Yo 1/£L;
where VH = largest volume {(or volume at Yowest diluticn Jevel) and o= smallest
volume {or volume at highest dilution level).

For example, if the probable irue density {m) Vies between 10 and 800
propagules/ml, the Targest volume to be inoculated per test should not exceed
1710 w1 (0.1 ml of original sample or 1 w1 of the 10“1 dilution} and the smallest
volume should not exceed 17800 {0.00125 ml original sample or 1.25 ml of the
?ﬂ*s dilution}. In practice, this range could be coversd either by using 1 m!
per test of each of thres 10-fold dilutions {J.e, 1716, 1/100 and 1/1000) or
by using 1 ol per test of {say} one 10-fold and four 4-fold dilutions (1718,
1740, 1/160, 1/640, 172550},

The choice of dilution ratio affects precision significantly over the range -
of dilution ratios between two and' ten only if the total number of tests is not
kept constant. However, use of the Tower diludion ratic results in the pracision
being kept more constant throughout the range of densities tested {i.e. 1/?# ~
1/VL}. This 18 11lustrated in Fig. 8.3 for dilution ratics of two and ten. )

The standard ervor of the MPN can be derived {Cochran, 1950) from the fol~- ; -
Towing equation {assuming a cell density between Vv, and 1/7 . 3 Vimited number 4
of tests at each dilution and a dilution ratio of five or less):

SEypq 5 = 085 /{109 al/n

where ¢ = dilution ratic and » = number tests at sach di?utian: For 10-folid
dilutions, where the standard ervor may peak st the value for m,

SEypg 5 = 0-58 /Tog a/n = 0.58 Sin

values for various levels of @.and n, together with the factors for deriving
standard errors and 95% confidence limits are given in Table 8.5,

ational Beef Ex. 1007
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TABLE 8.5

STANDARD ERROR OF LOS m AND FACTOR FOR CONFIDENCE LIMITS {COCHRAN, 1950)

No. of SEy -~
samplies rqé}§9?9§
per difution € e

} for dilution Factor*for 95% confidence
Timits with dilution
ratio (o)

n 2 4 5 11t 2 4 5 18
1 0.3017  0.427 0.480  0.580 4.80  7.14 8.32 14.45
2 0.213  0.302 0.32%5 0.410 2.67  4.00  4.47 8.61
3 0,174 G.246  0.285 0,335 2,23 310 3.3 4.88
4 0,158  §.214  0.230 .29 2.06 2.68 2.88 3.88
5 0.135  §.191  0.206  0.259 1.66  2.41 2.58 3.30
5 G.123  8.174  0.188  §.237 .76 2.23  2.38 2.98
7 0.114  0.161  0.174 0.219 1.69 2,10 2.23 2.74
8 0.107  0.181  0.183  §.205 .64 200 2.42 2.57
g 0.10¢  0.142  0.153  9.133 1.5 1.92  2.02 2.43
10 0.68% 0.13%  0.185 0,183 1.55  1.88  1.85 2.32

* In deriving the 95% confidence l1imits {CL} the MPN should be muitiplied or
divided by the appropriate factor. For example i the MPN for 3 5-tube dilu-
tion series with a 10~fold dilution ratio is 27 propagules/ml, the 95% OL are
given by (22 x 3.30) and {22/3.30) .8, 72.5 ~ 6.7,

The standard error increases (precision decreases} on either side where the
tikelihood of a1l positive or all negative results increases. The precision is
greatest when approximetely equal numbers of positive and negative results are
mast Tikely te occur. The optimum mean inoculum {about 1.6 propagules/culture}
is more Tikely to be missed by chance in a ten~fold than in & two~fold dilution
series, hence the graph For ten-fold dilutions fluctuates mare than does that
for two-fold dilutions {Fig. 8.3). .

These CL assume that the logarithm of the MEN is normally distributed and
differ from those cited by De Man (1975), who derived CL from the computers
printed histograms of the distribution functisns for different cowbinations of
tube numbers and positive results. However, De Man's Tables (Tables 8.5 and 8.7}
cover only 10~Ffold dilution ratios;: hence the dats in Table 8.4 at least aliow
some confidence Timits to be assigned to WPNs derived from other dilution series.
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TABLE 8.6

MFN TABLE FOR 3 x 1, 3 x 0.7, AND 2 x 0.0% g (m1) (DE MAN, 1983)
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TABLE 8.7

ARD S x 0.01 g (w1} (DE MAN, 1983)

NTABLEFOR 5 x 1, 5 x 6.1,

P

{onfidence Timite

Category™ when
No. of tests

MEN

Number of
positive
results

»85% > 39% 3 99%

2 85%

18
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True density {organisms per mi}

8.3 Composition of dilution raties 2 and 1C. (From Cochran, 1850)
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1: When the number of bacteria in the sample
result is one of those that have the
is only at most 5% chance of obtainin

ieast Yikely one in this category.

2: When the number of bacteria in th
result is one of those that have les

is equal to the MPN found, the
greatest chance of baeing obtained, There
g 8 resylt that is Jess Tikely than the

e sampie is equal to the PN found, the
5 chance of being obtained than even the

least 1ikely one in category 1, but there is only at most 1% chance of obtaining

a result that is Tess Tikely than

the Teast Tikely one in this category.

3: When the number of bacteris in the sample is equal to the MPN found, the
result s one of those that have less chance of being sbiained than even the

Teast Vikely one in category 2
taining a result that is

3: When the number of bacteria im

s DUt there is only at most §.4% chance of b=
less likely than the least Tikely one in this category,

the sampis is equal to the MPN found, the

result is one of those that heve less chance of being obtained than even the
least Tikely one in category 3. There is only a chance of 0.1% to obtain a
resuit in this category, without snything being wrong.

Before startin

g testing 1t should be decided which eate

gory will be acceptable,

i.e., only 1, 1 and 2 or even 1. 2 and 2. When the decision to be tekan on

the basis of the result is of great imperiance, only category 1 or at most 3
and 2 results should be accepted. Category O results should be considered with
great suspicion,

Caution: The confidence Timits given in the tables are

meant onily to provide

sgire jdea about the influence of statistical variations on results, Thers will
always also be other sources of varistion,
mportant,

which may sometimes even be more
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8.3.% Differences between MF¥ uvalugs
From time to time it may be necessary to establish the significance of the
difference between two MPN estimaiions, This can be determined using the com-

bined standard errovs for the two MPNs by reference to standard statistical
tablaes of Students Y&, viaz:

t = {log ﬁ% - log 52>fﬁ,55 Y{log al/nl) + {log azfﬂz)

or:

t = {log £1 - log 52)10.58 ¥{iog ay/ng) + (108 ap/ny)

when dilution ratio {a} is 10-fold. The use of the method is illustrated in
Ex. 8.3.

Example 8.3, Calcuiation of Most Prodable Rumbers for twe dilubion series and the significance of
the differences between tha MPN estimates

Assume: series (A}, 10-fold dilutions with § tubes per dilution {each inocylated with | ml of
diluticn) giving the following rasults:

prigtion 1070 17 qg7d g7

Resylt 54+0- 243 1+4- 0+ 5~
Then Trom Table 8.7, MPN = 7 & 10 = 70 propagules/m?, with 95% confidence Vimits of 22 ~ 168/ml.

Assume: series {B), 10-fold dilutions, with 3 tubes per dilution {esch inoculated with | mi of
each dilution) giving the following results:

pitgtion 1070 187t eyt

Result F+D F+0~ D+3 043
The MPN from Table 8.7 is 17D prepagules/ml using codon 3~3-0 with 95% CL of 70 - 380/m).

Thesa two test series provide MPNs of 78 and 170 propagules/m) but, aithough

diffarent,; the
98% Cls of the MPNs overlap. The sigmificance of the difference is tested by:

¢ = (log & - log #;1/0.58/Teg ay}ing + (10§ ayling
where:

£1 and ﬁé = MPNs for series (A} and {8}, respectively;

2y =y ® dilution ratio = 143

%y and gy = number of tubes for series (A} &, and {B} 3, respectively.

Then:

+ = {Tog 170 - log 703/0.58¢{30g 10}/5 + (log 10)/3

IERPEES orgotea. ELss O GRS
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From Pearson sad Hertley's (1966} Table 12, for v = (5 + 3 - 2) = 6 degrees of freedom, the
sbserved value of & would be expscied o occur on abowt € occasions in 10 {p = 0.43}. Hence, the
difference between these chsarved MPN values could aocur by chance and is not significant at the
8% level.

R R

¢ #.3.4 Jpecial applications of multipie—tube dilution tests

For contrel purposes it may be required to make a decision o accept or
reject a consignment of Food on the basis of a PN test (e.g. for Emtero-
bacterdacsae}. For such purposses it is possible to construct an operating
characieristics {0C) curve {§ 5.2.3) for acceptance or rajection at specific
confidence Yevels of tube ditution counts. The best contrel system would be
based on the use of a Timit permitling "acceptance of the 'lot' i less than o
tubes out of » at dilution € show evidence of growth” {i.e. if the number of
sterile tubes at ditution ¢ is . el

The shape of the O curve will be dependent upon the values o and n for the
dilution Yevel giving the critical density of propagules. On the assumption
that log » is normally distributed when n is targe, the steepest part of the
OC curve will occur at the 50% accepiance point {approximate valug of o = 0.2 ni.
Lower percentage acceptance would be associated with o < 0.2 n and vice versa,
The appropriate choice of ¢ will therefors tie in the range § - 0.5 n, assuming
that the cumulative binomial distribution ié a valid model.

8.4 Prasence or abgence tests based on single ov multiple ramples

In the analysis of foods for low numbers of pathogenic organisms {e.g.
satmonellae}, 1t is normal to inoculate ome or more samples into a suitable
selective or enrichment medium pricr to streaking on to a diagnestic medium to
determing whether or not the specific organism sought is present. Apart from
purely technical errors, presence/absence tests are subject to a number of
statistical considerations concerning the distribution of organisms.

i A quality control procedure based on this cencept has been proposed by
Aspinall and Kilsby {1879), In their scheme a critical value {e) is chosen such
that when: {1} the cell density exceeds ¢ the probabitity of rejection s at
teast 0.95; and (2} when the cell density is less than 0.2 2, the probabiiity
of acceptance is §.85.

or & critical value (o} of 103+1 g the material is diluted 1G<z"1>~faid and

9.5 m} of this suspension is inoculated into each of twe tubes of culture medium,

A further 10-fold ditution of the suspension {(f.e. a 187%-fold ditution) is then

5 prepared and 0.8 ml is added o esch of seven tubes of media, Foliowing incuba~

tion, the MPN and confidence limits can be derived from the dats in Table 8.8;

&
F
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note that the CL cited are twice those guoted in the original paper of Aspinall :

and Kilsby {1879) {Kilsby and Aspinall, personal communication, 1983}, If ail

tubes give 8 positive response, the material is rejected; if a3 result is

sbtainad which is not shown in Table 8.8 the test must be repeated. The scheme

is §llustrated in Ex, 8.4,

TABLE 8.8

ESTIMATES OF MPN/g (MODIFIED FROM ASPINALL AND KILSBY: 1879}

Numbers of positive fubes PN/ g 95% Confidence Timits
at dijution io-ls N

7 R AQTisTH Tower upper
sote ) 16% x to~{z-1) xpw%w)
0 g <0.76 (0} - 2.8 ;
a § 0.78 8.014 2.8 ;
i g 0.92 §8.038 4.8 g
1 i 1.9 §.32 £.4 K
2 0 2.7 0.48 10.8 i
i Z 3.8 1.34 §.8
2 i 4.6 0.50 16.2
2 2 7.4 1.92 Z22.8
2 3 11.0 2.8 30.0
2 4 17.9 4.0 43.0
2 5 25.0 G.8 58.4
2 & 38.0 11.2 88.0
2 7 >38  {w) 18.6 »

Example 8.4, Use of Muitiple Tube MPN for Quality Acceptance/Rejection Furpuses

Suppose that for a food product the guality specification requires rejection of product con~
taining more than 1000 organisms/g. Then ¢ = 103 = 19(”*1 . hence z = 2,

Prepare product dilutions of jp-tatl {i,8. 1571 and 187F (1.2, 167%) and fnocidate 0.5 w1 of
the 107 ditution into each of 2 tubas and 0.5 ml of the Eﬂ'z dilution into sach of 7 tubes of
broth. Following incubation, examine for evidence of growth in the tubes of media.

Syppose the following results are obiained on three lots of product:

Product Result at dilution of MPN /g * Decision
157! 1wF |
A 24 7+ > 38 x 18t = > 399 Reject lot
3 B S+ Not caloulable Repeat test
¢ g+ 1+ 0.76 x 101 = 7.6 Accept ot

*
From Tahle B.8.

y National Beef Ex. 1007
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A potential problem in the applicaiion of the methods as described i that
if all nine tubes give positive results {i.2. 2+, 7+) the MPN cannot be calou-
lated, yet reguires that the product be rejected. However, 1f only etght
positive tubes occur {i.e. 2+, 6+) the preduct would be accepted with an MPN of
390/9 {Teble 8.8}, If, as in Ex. 8.4, the critical Yevel (o) is an MPN of 1800/q,
the cut-¢ff of 390/g would sppear 1o be somewhat low, Mowever, the {2,7) scheme
of Aspinall and Kitsby {197%) is much less tikely to reject satisfactory matarial
than is & 3 level, 3 tube {3,3,3) scheme such as is frequently used for control
purpuses {1CMSF, 1978).
8.4.1 Quantification based on pelotive cecurrence of defzctives
In Chap. 5, the use of the binomial distribution to describe the operating
characteristics (00) curve for sample plans was described, The binomial reiage
tionship describing the probability of occurrence of defective sampies can be
used also to gquantify the probable leve] of gccurvence of organisms in the Jot
of food under fest.

On the assumption that the organisms 0 a "Yoi® of food are distributed
randomly and that a number (n) of sampies is tested, then the probability (7}
of no defective test samples (i.e. no positive tests) s given by;

2= =11~ {d/100)7"

where d = actual % defectives in the lot, This will be true provided that » i
8 small fraction {< 25%) of the total tot. The squation my be rearranged to
give the ¥ defectives for a given grobability and number of samples:

d=t8 {1 -¥1 -7

Knowing the incidence of defective samples {d) and the size of each sample
(¥} it is then possible to derive the matimum contamination level {¢} for the
jot:

¢ = {47100} {1/¥) organisms/g at probability level »
=01 - T Fiyw

This calculation is illustrated below in Ex. B.5. Derived values for the
maximum incidence of contamination at P = 0.95 and 7 = 0.99, assuming & sample
size of 25 g, are presented in Table 8.9 for various sample sizes (n}.
From the data in Table 8.9, it can be seen that in testing for salmonellse, : i
a negative fest result on a single sample {i.e. n = %) of 25 g will merely
indicate, on average, that on 19 occasions out of 20 the Yot will contain < 38
salmenellae/kg, Increasing the number of sampies tested to 40 or 20 incresses
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the confidence for freedom from salmonelliae since, on average, on 19 occasions
out of 73 the lot would be expected to contain < 11 or ~ & salmonellas/kg,
respectively, if a1l test resulis were negative. The data also indicate on
average that on 99 occasions out of 100, the maximum contamination Tevels would
correspond fo 40, 15 or 9 salmonellse/kg, respectively, for 1, 10 or 20 samples
tested and found to be "negative®.

TABLE B.8

PERCENTAGE DEFECTIVES AND MAXIMUM CONTAMINATION LEVELS ASBUMING RANDOM
DISTRIBUTION OF DRGANISMS

No, samples Maximum % defectives®™ at Maximum no. erganﬁsms/kg*iat
tested
2 F=0.95 £ o= (.99 ? o= (.85 P o= 0,59
i 85 §¢.0 38 49
2 7.6 80.0 3 36
3 §3.2 78.5 26 3
4 82.7 58.4 21 28
5 45,1 60.2 18 24
1 25.9 3.8 i1 15
23 13.9 20.6 6 ]
30 8.5 14.2 4 8
50 5.8 8.8 3 4
100 3.0 4.5 2 2

*
Assuming no positives detected.
+ . 5 ] . I
T Assuming sampie size = 25 g; rounded up to the nearest whole number,

Quantification based on positive resulis can be derived as the most probable
number (MPN) (§ 8.3.1 above) for multiple tests at a single dilution. Hence,
using m = ~{1/e} In {s/n), a single positive from 10 fests sach of 25 g provides
a MPN of 4.2 organisms {e.g. salmoneilae)/kg. This value is well below the
maximum number which would be expected at £ = 0.95 {f 311 tests had been nega-

§

tive but the 35% confidence Timits of the MPN rangs from < ! to » 60 salmonellae/kg

8.4.2 Effect aof subculture volumes and tncubation times

When samples are tested for presencesabsence of specific microbes, the
analytical procedure may involve the use of pre-enrichment and selective enrich-
ment stages.

iy, e ity

O

“7

§ National Beef Ex..1007
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Different methodological details ars recommended by different authorities,
Using the vecommendations of JCMSF {1478} for salmonellas testing, the initial
sample is dispersed in 3 volumes of pre-envichment medium, and after a suitable
incubation perdod 1 ml is transferred 0 10 ml of each of two selective enrich-
ment medis. Thereafter, one % mm Joopful {about 0.02 m1) for each selective
enrichment s streakad on to one plate of zach of three selective diagnostic
media and, after incubation, selected colonies arve picked for typing.

.; Hence, three dilution stages occur. The first stage results in a 10-fold

4 dilution of the sample. Organisms inoculated with the sample will grow during

i incubaticn, but the rumber growing will depend upon {38) the initial contamina-

tion level and the dispersion both of the orqanism being sought and of com- :
pelitive organisms; {b) the condition of the organisms {i.e. whether cells have

been "stressed” by the envirgnmental conditions in the foed); {c) the population
doubling time for the organism sought in the conditions of the test {i.e.

culture medium composition, incubation temperature and time),

The second and third stages {selectivé enrichment) will be affacted similarly,
but in the third stage the individusl propagules will be reguired to form
discreie colonies on the disgnostic medium. The fourth stage {picking of colo-
nies) is considered below {§ 8.4.3),

R o

i Clearly, the possibilities for isclation of specific organisms will depend
not only on the inftial incidence of contamination but also on the manner in
which the test is done. A too short perind of pre-enrichment may result in no
recovery of siressed organisms, thereby reduciag the statistical probability
of transferring resuscitated organisms o the enrichment broth. Yoo tong &
period in a non-sefective pre~enrichment may provide opportunity for overgrowth
by competitive organisms, leading te suppression of the organism sought., A ;
hypothetical exampie of the effects of incubation time is shown in Ex. 8.5 and
8.7 and in Fig. B.4.

Example 8.6, Lateulation of maximum probable contamination level for presence/absence tasts

Assume 10 x 25 g samples are tested for salmonellas and all tests are negative. What are the
mximul contamination levels at probebilities of 95% and 99%. Using the formula:

=100 (3 - WTTFE), for (Ad: &= 0.95 and (B): P = 0.99:

“
o
o
<z
L

tay @=100 {1 - Wi TN

Hence, st 95% probability, maximum contaminstion of the lot by satmoneliae = Cﬂ = 25.89/{100 x 25} =
10.4 salmenzilae/ky.

Page 1432



140

T B o e R

{B) 1= 100 {1 ~ 19ﬁ"§3} = 36.90% B

Hence at 99% probability, the maximum contamination of the lol by salmonellae = 14,8 saimonellaefkg =:
4y = 36.9 x 1000/(100 x 25).

Example 8.6, Effect of incubation time in pre-enrichment medium on numbers of salmoneilae for i
subcylture.,

Assume: {1) 25 g dry food samplie ingculated intc 225 mi nutrient broth for pre-envichment; {2)
initial contamination level = x salmonellae/g; (3) length of Tag phase (&) for resuscitation = 6 h;
{4) population doubling time (zh} = 30 win = 8.5 b}, at the appropriate incubation temperature;

{5) synchronous growth occurs.

Using
8= PSaw Ve
where

¥ = no, salmonellae/ml after tine T {h)
By < ono. saimonellse/ml initially

L = length of lag phase (h} i

and
Ty = doubling time {h}

Then since:

Hy = 25 /250 = D%z

L= 6 h
)
and B
§
i3
Ty = 8.8 b ;1
=]
After !
evn w ‘-
Bh &= 052880 gyl Ly, i
Qi . Ya,
Gh,w=01220 805 i b lsas :
e « .
120, 0 = 0. e 2 EEMOE Lo 0 gyg \
I5dLg e {
260, 8= 0.1 e 2 EENOS Ly 0¥ ek 10®
Hence, the expected number of organisms likely to ba transferred in an inocuium of pre-enrichment ;
medium and the probability of transferring st least 1 viable corganism, assuming random distribution i
when z = 8.1 {i.e, 10 organisms/100 g} is 4
i
i

{ National Beef Ex. 1007-
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Incubation fo. orgsnisms™™ Probability of » 1 organism™ in
Lime in 1wl pre-enrichment

{h)* medium 1w 10 m]

5 6.01 < 8,01 §.08%

g 8.6 G.47 > 3.99

12 41,4 5 > 3,58 > 3,89

18 1.7 x 30 »0.9% ER ]

24 6.3 x 308 »0.9% >8.99

¥
«x 10 pre-enrichment, assuming conditions as above.
Assuming @ = 0.1 salmonellae/q fond sample

Once sufficient growth has cccurved in pre-enrichwent fur at Izast 3 viable salmonellas/mi
medium, the probability of transferring at least one viable organism in an inoculum of 1 m) or
more will be » 6.95, assuming Poisson distribution, with @ =31 ngga) = §.05, therefors P{ﬂ§1) =
0.95, tHiowsver, at Yower numbers, the chances of transferring at least 1 viable organism will be
affected not only by the inftial contamination level (x} but alse by the volume of medium inpculated
into the earichment culturz. In methods which permit only resuscitation, sol growth, during pre-
enrichment, 1t is essential io use the entire pre-enrichment culture to inocylate double-~strength
enrichment medium {Hall, 1978}, although selectivity may then be affected by the ¥ood constituents.

Guviously the tevel of salmonellae in the pre-enrichment culture after any given incubatien
period will depend upon the cultural conditions used, the initial contamination level, ths extent
of sublethal cell damage and the relative numbers and types of competitive organisms in the sample.

8.4.8.1 Compositing of swmples. When 3 number of samplies is to be tested it
is sometimes recommended that the samples be composited in order to reduce the
work load on the Taborstory: Several methods of compositing can be underiaken:

{1} Cowbine all samples at pre-envichment stage; f.e. for 10 2 25 g samples
inocylate a1l 250 g directly into 2250 m of pre-enrichment medium. After
incubation, carry out tests on the same basis as for a single sample (i.s.
inoculate 10 ml into 100 w1 enrichment medium).

{2} Prepare 10 pre-enrichment series {i.e. one for each 25 g sample) and
after incubation composite equal volumes of sach pre-enrichment medium (2.7,

10 x 1 mi} to inoculate the 100 ml enrichment broth.

{3} A combination of {1} and {2} above where, say, § samples are composited
at pre~enrichment stage and aliguots of the duplicate pre-enrichment medis are
composited at the stage of inoculating the enrichment medium.

{4} Composite all 10 samples and then test one {or rarely twe) 25 g aliguots
from the bulk composited samples.

Methods {1}, {2} and {3} provide the same degree of statistical confidence
as would be attained by testing the 10 samples separately, in so far 8% &
negative result indicates ne sample contamination and therefore < 11 organisms/kg
{at P = 0.95). However, if 3 positive result is obtained, it is not possible to
estimate {even approwimately) the degree of contamination. Method {2), at least
in theory, permits the tests Lo be repeated on stored pre-enrichment cultures

i

A OuUT
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50 that some indication of the proportion of contaminated samples can be obtained,
Method {3) is & compromise between Methods {1} and ().

Method (4) is based on & fallacious concept, since by compositing the
original sample and testing only one aliguot of the composite sample, the resyltg
will provide ne more information about the Tot than would testing of a single
sample of, say, 25 g. It is totslly incorrect to interpret a negative result as
indicating {at P = 0.95) s maximum contamination level of 11 organisms/kg, which
would have been given by 10 negative resuits.

8.4.3 Selection of colonies for identification

After development of isolated colonies on the surface of the selective-
diagnostic medium, it is necassary to select for further identification colonies

showing typicel morpholegy. The chances of isolation of specific oruanisme from
an almost pure culture will of course be high. However, when mixed cultures are
present and some of the organisms of different types have apparently similar
colonial movrphologies, then several colonies may need to be picked. In sgme
laboratory manuals {Hall, 1975) no reference is made o the number of colonies
to pick; others (150, 1979) recomrend selsction of the square root of the number
of "typical® colonies, whilst ICMSF (1978) recommend picking oF at least two
typical colonies and IS0 (1978) recommends picking five typical colonies.

It can be shown that the chance of picking any one colony of the type sought
15 dependent upon the number {(n} of the specific typs relative to the total
number {#). Since ¥ is not large the relationship is governed by the hyper-
geometric distribution. Table £.10 shows the number of colonies of the type
seught {e.g. B, ecid) which must be present in order to select, with a given
statistical probability, st least one colony of the type sought from among a
population of otharwise typical colonies. For instance, if the true incidence
of & ecoli is 50% of the colonies having “typical® coliform morphology, then
if one picks 6 colenies out of a population of 30 colonies, the chance of
picking at lteast one E. eoli is slightly greater than 95% (p » 0.95). If,
however, the tryue incidence i3 only 10% {i.e. 3 B. co?4/30 colonies) then the
chance that at least one &, sels colony s includad in the sample of 5 colonies
is somewhat less than 50% {7 < .50},

Example 8.7, Statistical Probahility of Transferring Salmoneilss during Enrichment and Iselation,
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104 INTRODUCTION

Microbiological testing is both time- and labor-intensive, and
there is a need to develop easies, faster methods for detecting,
identifying and eruumerating microorganisms in foods. The rea-
sons for the difficult nature of microbiological testing ave well
xnown, First, the microorganism of interest {(MOT) is often present
at Jow levels relative to the mixed community of species inwhich
itexists; Le., finding and vecognizing it are difficult tasks, Second,
food is a complex matrix, which causes interference with analyti-
cal methods; Le., some degree of separation or purification of the
MOl is required. Most standard microbiological methods employ
measures that address both problems. Selective enrichoment allows
the smaller MOI population to increase in number while keep-
ing in check the growth of other species. The exrichment culture
is then plated onto a differential medivem to obtaln isclated colo-
nies, and in doing so, the MOUs effectively purified from the food
matrix. Detection of typical colondes is followed by subculiume and
a variety of tests for species ideniification. Enumeration of the

M1 is an additional task that is often needed, and inmost cases’

it is even more difficult than detection and identification,

Rapid methods for detection, identification and enumeration
of microorganisms offer savings in both time and labor. While
many rapid detection and identification methods have been de-
veloped and brought to market, the cholces available in rapid
methods of ervameration are much more Himited, The world of
rapid methods is expanding and changing, howeves, and inno-
vations undoubtedly will contimue to be made.

This chapter covers selected rapid procedures for detection,
identification and eruneration of microorganisms in foods. The
various sections of the chapter cover methods based on antibody
and rucleic acid recognition; biochemical and enzymatic meth-
ods; phage probes; membrane filtration; and impedance. Many
of these rapid methodologies have been commercialized and/or
have undergone collaborative testing. Detalls for performing
tapid assays for specific microorganisme or groups of microor-
aniers appear in many other chapters i this book.

Because of its dynamic nature, it is difficult fo portray the field
of rapid methords with the currency to last until the next edition
of the Compendium, Updates may be obiatned from more fre-
Juently published information soyrces, such as the trade journals,
the publications of professional organizations, newsletters and
“atalogs of commercial suppliers, and the Internet.

S

1802 ANTIBODY-BASED METHODS
§8.2% Introduction

Antibodies are protein molecudes which bind to specific celludar
structures or products, generally called antigens. The identifica-
fion of an antigen that is unigue o a particular microbial group
{gerws, species, strain, etc.) is the frst step in the design of an
antibedy-based method. Antibody-based methods ase available
for a wide variety of microbial groups, and in fact, have been used
for microbial identification for decades, Improved assay design
and the use of monoclonal antibodies have significantly reduced
the specificity problems which plagued many of the first-genera-
Hon antibody-based methods, Now these methods are among the
most comunonty used technigues in food microbiclogy for rapid
detection and identification. Antibodies are alse used in affinity
separation appleations, in which microbial cells or their products
are purified from the food matrix for use in subseqguent assays.
The applications of immuncassay technology to food analysis are
broad; however, their most significant impact in food microbiol-
ogy, both commercially and from a food safety perspective, has
been in the detection of foodborme pathogens ox thelr toxins.”*
A list of antibody-based rapid methoeds for foodborne pathogen
detection has been published ™ Because so many antibody-based
methods have been commmercialized, thelr individual descriptions
will not be attempied in this chapter. Many of the subsequent
chapters in this book provide details of the methods as they per-
tadn to particular microorgardsms.

18.22 Immunofiuorescence

Immunofiuorescence methods utilize fluorescent antibodies, L.e.,
antibodies coupled to fluorescent dyes, for specific identification
of microorganisms. Fluorescent antibody techniques weve among
the first rapid methods available in food microbiology® In the
traditional imrunofluorescence assay, microbial cells from an
enrichment culture ate fixed o a microscope slide, and the fixed
ceils are treated with fluorescent antibody. After excess reagent
is removed, the slide is observed using & flucrescence microscope,
The presence of the specific microorganisms is visualized by Suo-
rescent staining of the cells. Sensitive quantitation of specificbac-
teria may be achieved by ncluding membrane filtration to con-
centrate the sample, prior to perfonming the fluorescent antibody
reaction on the swrface of the filter® Immunoflucrescence is the
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basis for flow cytometry, a technology used for maxy years in
clinical applications, e.g. recognition of lymphocyte subpopala-
tions based on antigen expression. Flow cytometers have been
modified so that detection of cell sizes on the order of microor-
ganisms is possible, The nstrumentation involves detection of
fluorescent cells moving in a fluid stream past an optical sensor,
Cell sorting capability also provides the possibility of isolating
the fluorescent cells from a mixture. Applications o the micro-
biological analysis of foods, inchuding pathogen detection, have
been limited but promising 3446268

10.23 Latex Agglutination

Antibodies coupled to latex microspheres are the reagents used
in Iatex agglutination assays for microbial identification. When
in the presence of reactive microbial cells, the microspheres ag-
ghutinate due to formation of molecular czoss-bridges, resulting
it a visible “clumping” reaction. The microbial cells are generally
obiained from an isolated colony, although a centifuged sample
of an enichment aalture may also be used. The sensitivity of the
latex agglutination test is generally in the range of 171" cells
per mL of sample. Latex agglutination assays have been described
for several foodbome pathogens, including Salmoneils® Shigella ™
Campylobacter™ and E. coli? The assays are often used to confirm
the identity of colonies from selective agar It is mportant fo per-
form sppropriate controls each time to ensure that the micro-
spheres have retained reactivity and to detect false-positives
caused by spontanecus agghutination of the microspheses$

In reverse passive latex agglutination (RPLA), antibodies at-
tached o latex microspheres react with soluble antigens (such as
toxins) in fest tubes or wells of microtiter plates. If an antigen-
antibody reaction occurs, a diffuse pattern is observed at the bot-
tom of the tube or well. In the absence of a reaction, a ring or
“Lutton” is observed ® RFLA assays have been commercially
developed for detection of enterctoxing, induding those produced
by Staphaylococcus ™ Bacillus cereus,? Clostridium perfringens, ™ E. coli)?
and Vibrio cholerae?

18.24 Immuncimmobilization
Antibodies directed against cellular flagelia may be used in -
mobilization assays to detect specific motile microorganisms.

anﬁgem

Enrichmeni

Meotile microbial cells traverse a semisolid medivam until they meet ¢
the antiflageliar antiboedies diffusing from the opposite direction, 3
A visible arc, which forms at the antibody/microbial cell inter.
face, is the indication that target microorganisms are present, ™%
Norn-motile variants of the microorganisims, or those expressing
different flagellar antigens, are not detected by the assay.

10.25 Enzyme lmmunosssay

Enzyme immunocassay {ElA), also known as enzyme-linked
immunosorbent assay (BLISA), is a common technique for anti-
body-based detection of microorgandsms or thelr products. Since
its onigin in the 1970's, the ElAhas become a standard tool in many
food microbiclogy laboratories. Many different EIA formats have
been developed ¥ However, the conumen element in all of the
formats i the involvement of antibody recognition of a targst
antigen, with some type of linkage to an enzyme-substrate re.
porier system. The enzyme’s activity upon its substrate produces
a measurable product, which indicales whether the antigen-
antibody reaction took place and, thereltwe, whether the target
antigen was present in the sample. In food microbiology, the
“sandwich” assay is a famniliar format and is Hustrated in Figure
1. In the sandwich assay, antibody that is immobilized onto a solid
phase, such as the well of a microtiter plate, captures the specific
antigen, e.g. the target micwbial cells present in an enxichment
culture. After rinsing to remove unbound substances, a second
antibedy that is conjugated to an enzyme, such as horseradish
peroxidase or alkaline phosphatase, is added. Another wash is
then performed. After addition of an appropriate substrate for the
enzyme, a visible product of the enzyme-substrate reaction is
formed, which indicates the presence of the target microbial cells
in the original sample. Most often, the reaction product cavses 2
visible color change. The intensity of the colored product formed
is directly proportional to the concentration of the target antigen,
within a certain range, and may be quantified by optical insbr-
mentation. Variations on the BIA theme employ Huorescent o
chemiluminescent reaction signals instead of color develop
Inent}?,%fﬁﬁf

An essential slement in EIA interpretation is the numerical
valug, obtained from the optical instrumentation, that is used i
discriminate between a positive test and a negative test, L.e, the
“cut-off” value, The terms “positive” and “negs
tive” are used to indicate the presence or absence
of target antigen, respectively. The cut-off value s
often sat to be 2-3 tixaes the mean of several negs
tive control results.

Perhaps the most widely used support for &
EIA is the microtiter plate, but test tubes, blotiing
membranes, and even micropipet fips have been

EEEEEREE
ARKRAA
Yy

epryme subsirale

visible product

Figure 1. The “sandwich” enzyme immunoassay (EIA) format

antibadycnzyme
conjrgate

used ™% ElAs have become so popular that fuli‘}'
automated systems have been developed for theif
performance ¥

1026 Immunoprecipiiste Detection

Recent eniries to the world of rapid assays are ¢
immunoprecipitate detection devices (Figure 2,
which an aliquot of ensichment culture is added
the sample port on a “paddie,” and the sample ¥
wicked through s chromatographic matvix 0 ar®
action ares containing antibodies conjugated ¥
some type of precipitable material, such as color®

latex particles or collokdal gold, Wantigen s presert

[¢9)
<
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-
-

A

Earichment

N

“paddis”

visible immunoprecipitate:
colored band

Figurs 2. Ganersiized design of an immunopracipitate detection device.

the antiger-antibody complex Hows through the matrix to a bind-
ing zone, where it binds to an innmobilized second antibody, The
locatized concentration of the antbody-antigen-antibody com-
plex results in 3 visible immunoprecipitate, indicated by a colored
band on the matrix. A control reaction area alse exists on the A
paddie to provide visible assurance that the detection device is
working correctly. A band in both reacion areas is a positive test

$H5¢e ¢S

BR1444%

reaction area:
antigens + particle-Inbeled autibodies

binding zone:
second sntibody

netic microspheres, or beads (Figure 3 ). The anti-
body molecules “capture” the microbial cell
through their specific binding capability. After a
magnet is applied io the side of the test tube, the
magnetic beads are drawn fo the wall of the tube,
effectively concentrating and purifying the cap-
tured cells from the mixture. Non-target cells and
food debris are washed away, leaving a purified
suspension of target cells, whichmay thenbe used
in subsequent assays. They may be plated onto
seleciive agar to achieve isclation of the microor-
garism,®* or used as a purification step prior to
uge in other assays, e.g., mmunoassays,*® nucleic
acid assays,? or optival methods such as micros-
copy, flow cytometry and electrochemilumin-
escence detection. ™84 IMS improves the efficiency
of colony isolation and confirmation so that shorter
enrickoment times may be possible.® Applications
for the use of these handy reagents will no doubt
continue to increase it number in the future,
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10.27 Immuncaffinity Chromatography and

Immunomagnetic Separation

In addition to detection and identification of target
antigens, antibodies have been used to achieve
separation of antigens from complex matrices by
their specific binding characteristics. Immuno-
affinity chromatography is a quick way to separate
and purify soluble antigens, and immunomagnetic
separation allows isolation of particulate antigens,
ie., microbial cells, from a mixture in one step.

Antdbodies coupled o 2 solid inert matrix are
used in lmmuncaffinity chromatography, The
sample containing the target antigen is allowed to
flow through the immunoaffinity matrix, which is
often packed in a column for ease of use. The tar
get antigen is retained in the immuncaffinity ma-
trix while giher materials are removed by extensive
washing of the colurmn with buffer. The target an-
Hgen is then eluted by changing the compesition
of the buffer appropriately. Immunocaffinity col-
4rmns have been used for detection of toxins in
foods»

Immunomagnetic separation (IMS) is per-
formed by reaction of microbial cells, usually from
#nenvichment culture, with antibody-coated mag-

e

isolation of shiga-lke toxin (verocytotoxin)-producing Escherichia
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6.3 NUCLEIC ACID-BASED METHODS

0.37 Introduction

The sequerce of puclectide bases in the DNA of a microorgan-
jam is ultimately its most defining feature. The entire DNA mol-
ecule, however, contains too much information to process; there-
fore, shorter nucleotide sequences that are unique but more
readily analyzed ave the targels of nucleic acid-based detection
methiods. Hybridization and the polymerase chain reaction (PCE)
are the pcieic ackd-based methods that are most commonly used
in food microbiclogy.® and they will be described in this section.
Both methods depend on the rules of complementary nuclectide
page pairing, L.e: adenine binds to thyming, and cytosine binds
to guanine. In hybridization, the taxget sequence is recognized by
2 complementary nuclectide probe that is labeled in some way
for direct detection of the sequence. In PCR, two nucleotide prim-
exs bind to complementary regions that flank the target sequence,
which is then enzymatically amplified for detection. In either
method, the DNA molecude must first be denatured to separate
ihe double-siranded helix into single strands 5o that the probe or
primers can bind to the appropriate sequence.

Whereas hybridization requires approximately 10°-10° coples
of the target DNA. for detection, PCR is much more sensitive,
producing millions of copies of a single gene target in a few
hours® Hybridization can be quantitative, if performed as a
colony hybridization using the same format as agar plate count-
ing. Quantifation is possible but difficult with PCR, which is most
commonly used as a qualitative or presence/absence assay, Cont-
pared to antibody-based methods, there are relatively few com-
mercialized versions of nucleic acid-based methods, which will
be described in this section.

10.32 Hybridization

Hybridization is the process by which a DNA probe binds to 2
complementary region of single-stranded DNA or ENA, ATNA
probe is usually a 20-2000 nucleotide base sequence of IINA that
is unique to a particular microbial group. Probes can identify
specific genes, e.g. toxin genes; regions of ribosomal KINA fRNA);
ar DNA sequences that have unkoown function but are corumon
to particular microbial groups.

UINA probes may be prepared synthetically or biologically.
Short oligonucleotide probes (20-30 bases in length)} are easily
prepared with the aid of a DNA synthesizey, and the prolifera-
tionof commercial supplers offering such services has made oli-
gonucleotide probes both widely available and affordable. Bic-
logical preparation of probes involves cloning of a nucleotide
sequence into a plasmid that replicates many copies of the se-
quence. The entire plasmid may be used as a probe, but better
specificity is likely i the nucleotide sequence is isolated by resiric-
tion endonuclease digestion and subsequent gel elecirophoresis.
In either case the probe sequence must be labeled so that it pro-
vides 2 signal that can be detected in the hybridization assay.

The radisactive isotope 7P was the first probe label to be used.
Although highly sensitive, 2P as a prabe label has all the disad-
Yaniages of handling and disposal of radicactive material, as well
28 4 ghort shelf-life. There has been a trend toward development
of non-sotopic methods of probe detection, such as fluorescent

.

i Rapid Methods for Detection, identification, and Enumeration

Iabels. Norrisotopic methods often involve ensymes, e.g, horse-
radish percddase or alkaline phosphatase, which can act upon
subsirates, producing color or chemiluminescence. Most com-
rooly the engyme is conjugated to a protein that binds to a spe-
cific igand on the DNA probe to form an enzyme-binding protein-
Hgand-DNA complex. Many variations on the theme have been
applied. A commonly used ligand-binding protein pair is biotin-
streptavidin, Antibodies have also been used as binding proteins
for igands on the DNA probe.

There are two basic hybridization formats: solid-phase and
Jiquid-phase. The phase refers to the location of the target se-
quence during hybridization. In solid-phase hybridization, the
target sequence is bound to a solid support, e.g. a membrane fil-
ter. In lguid-phase hybridization, the target sequence is sus-
pended in lgquid, and after the hybridization reaction has oc-
curred, it is removed from sohution for detection.

Sofid-phase hybridization may be performed as colony blots
or dot-blots. Colony blotting involves transfer of individual colo-
nies that have grown up on agar plates to a membrane filter. In
dot-blotting, microbial growth from liguid or solid culiure is
transferred, e.g. with a loop or other device, as a “dot” onio a
localized area of 2 membrane. In either case, the membrane is then
treated with reagents that lyse the cells and denature the DNA.
The released single strands of target DNA stick in place to the
membrane, and then the probe is added. After the probe hybrid-
izes with the matching DNA sequence on the membrane,
unhybridized DNA is washed away. The composition of the hy-
bridization buffer, temperature, and the conditions of washing am
all critical to the specificity of the reaction and may be varied to
affect the accuracy of the probe binding. After hybridization, an
appropriate method is used for detection of the probe-target hy-
brid, i the probe is labeled with P, a piece of X-ray fila is placed
on the membrane. The radicactive label exposes the film and
develops spots where the probe hybridized to the DNA. fa non-
isotopic probe is used, the reagents are added to develop visible
spots direcly on the memhrane.

Colony blots may be used to ehumerate target microbes in a
focd, if the food is plated directly. After development of the probe
signal on the membrane, the reactive spots ave counted and may
be related directly to oolony forming units of the target microbe,
Dot blots are not quantitative. A generalized Hustration of a colony
fybridization is shownin Figure 4. Detadled procedures have been
published for performing colony hybridizations for major
foodborne pathogens, including E. colf, Shigella, Listeriz, Staphylo-
coccus, Vibrio, and Yersinia ® Hydrophobic grid membrane filtra-
tion {section 10.5) has been combined with probe hybridization to
provide improved identification of Listeria and E. cofi colonies. ™

In liquid-phase hybridization, both probe and target DNA are
suspended in solution, where the hybridization proceeds. Follow-
ing hybridization, the target DNA with its hybridized probe is
separated from the solution through capture of the hybridson a
solid support. Capture may be effected on hydoxylapatite, be-
cause of the relatively high affinity to hydroxylapatite that double-
stranded DNA shows compared to single-stranded DNA. A
strepiavidin-coated matrix may be used to capture DNA thathas
been labeled with biotin. A solid support coated with polydeoxy-
thymidylic acid (poly-dT) may be used In conjunction with a
“capture probe,” which contains a polydeoxyadenylic acid {poly-
dA) tail at the end of a sequence complementary to the target
rucleic acid. The probe can bind to the target nucleic acid and to
the poly-dT by complementary base paiving, resulting in removal
of the probe with its hybridized target nucleic acid from solution.

[45]
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colonies grown OB
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hybridizstion of
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Detection of labeled probe and
identification of target colonies

Figure 4, Genaralized diagram of colony hybridization.

Liguid-phase hybridization has been commercialized in the
SENE-TRAK® Assays, which ave dual-probe systems based on
163 ribosomal RN A detection in envichiment culture samples.*
The target ribasomal ENA hybridizes on one end to 2 poly-dA-
tailed probe and on the other end to a flucrescein-iabeled detec-
tor probe. The hybrids are captured on a poly-dT-coated “dip-
stick.” After binding of an enzyme-conjugated anti-fluorescein
antibody, detection is accomplished colerimetrically. GENE-
TRAK? Assays have been developed for various food pathogens,
including Salmonella, Listeria, E. coli, Staphylococcus, Campylobacter
and Yersinia.'® Ancther commercial assay based on Hquid-phase
hiybridization is the AccuPROBE® test, which uses a chemilumi-
nescence detection system. Aimed primarily at the clinical mar-
ket, the AccuPROBE® test is designed for colony identification,
and is not useful for screening of enrichment culiures.® Cam-
pylobacter, Staphyflococous and Listeria are the food pathogen spe-
cies represented in the AccuPROBE® line, ™

target DNA segquence

Karichnent

repested is possible, In practice, howeves, direct detection of
eysies sunsaling: a single gene target is difficult to achieve. The sureal
primer binding sample volumes used in PCR (nﬁcroiiter—~sﬂifle)

extension: doublisg of copy sumber "

oo typsis:
reiease sud densturstion of BRA

densturation:
DNA strand separstion
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IREEERNENEREE
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Since its development in 1983, PCR has becomg
an essential tool in molecular biology, and its use
is increasing in food microbiclogy. PUR uses engy-
matic amplification fo produce, within s few hours,
reiitions of copies of a target nucleic acdd sequence,
The engyme DNA polymerase copies the target
sequence, which is refered 10 as the template. Ol
gonuciectide primers are neaded to provide start.
ing points for the DNA polymexase, which adds
mucleotide bases to the primers in the correct order
according to the sequence of the template. The
primers are designed to flank the target sequence;
ie., they define the ends or boundaries of the tar.
get sequence, and they are oriented in such a way
that the DNA polymerase copies the template inthe
correct direction.

The PCR procedure consists of repeating cycdes
of alternating high and low temperatures that bring
about the amplification. Thermostable DNA poly-
mierase enzymes ave used because of their ability
to withstand the temperature fluctuations, Bach cycle consists of
three steps: denaturation, anneeling and extension (Figure 5}, De-
naturation at high temperatuze causes the double stranded e
get DNA o separate into single strands. In the annealing step,
the temperature Is Jowered, and the primess bind to theix coruple-
mentary sequences on epposite stvands of the target DNA, The
temperatue is raised again, and INA polymerase adds nude
otide bases onto the ends of both primers (extensiony, building
two new polynucleotide chaing according to the sequences within

fhe target region. Thus, the original target is copied. The newly

made copies then serve as templates for addittonal rounds. Be-

cause it is doubled in each successive cyde, the amnound of taxger

DNA iy increased exponentially. The cycle is repeated until an

amourt of product sufficient for detection is made. Detailed pro-

focods for PCR may be found in Chapier 11 of this book, whee
its use in several microbial typing methods is described.

Gel electrophoresis is typicaily used to detect the amplified

product. Because the primers bind to specific sites surrounding

the target DNA, the size of the amplified produdt

can be anticipated and detected as s band of known

size on the gel, Proof of the band’s identity may b

obtained by blotting of the gel and DNA probe

hybridization to the band.

The appeal of PCR technology les in the ampl-
fication of small quantities of DNA to detectable
levels in a short amount of tme. Theoretically 8
single gene target can be amplified 2 miltion-fold
for detection in a few hours. Thus, divect detection
ie, without the need for a lengthy envichanent stef

limit the sensitivity of the procedure for examiniii
foods directly. In addition, inhibitory substant®
that interfere with the PCR are present in maty

SAARBRREN

Figure 8, Steps of the polvmerass chain reaction

DNA polymerase + dNTPs

to increase target levels is cormon in PCR dei®
tion protocols. Enrichment culture also pmwd-:s

some assurance that the DNA detected is derivel,

R e . ses e O ARE
from viable cells. The superior sensiivity of ﬂ“
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PCR compared to conven tional r:l‘ﬂmre methads may allow
shorter enrichment times, howeven ™ o

Sample preparation procedures to remove inhibitory sub-
stances are eritical £ the success of the PCR, whether it is 0 be
used as a direct assay or coupled with an envichment culture step.
PCR inhibitors may be removed to some extent by optimizing
DA exiraction protocols o including purification steps such as
immunoprecipifation or membrane filiration SSBT32 DNA poly-
merases o various sources show different degrees of suscep-
tibility to interference from inhibitors.!

The intricacies of preparing materials for performing the PCR
have been eased by the availability of commercialized systems
that supply many of the reagents in ready-to-use form. The BAX™
systems supply tableted PCR reagents in prepackaged tubes,
puffers and other materials for detection of the amplified prod-
uctby gel electrophoresis using pre-cast gels. BAX™ systems have
peen used for screendng food samiples for Salmonella E. coli® and
1isteria® Other comuercialized systems have incorporated alter-
natives to gel electrophoresis detection. Probelia™ utilizes colo-
rimeiric detection of amplified product in mierotiter plate wells.
After PCR, the amplified product is hybridized in solution to a
capture probe linked to the microplate well suxface and o an
enzyme-labeled detector probe. Detection is then achieved by
adding the enzyme substraie and colorimetric development.
Probelia™ has been used for Salmonella detection” and a systemn
for Listeria is also available. TagMan™ is based on Auorescence
detection of the PCR product, with the amplification and detec
tion performed In a single tube. The unigue TagMan™ probe is
iabeled with two different fluorescent dyes, which function as
reporter and quencher dyes. If no product is present, the fluores-
cent signal of the quencher dye is detected. As amplification pro-
ceeds, the probe hybridizes to the product, and the quenching
effect is relleved; thus, the fluorescence of the reporter dye is
detected. The ratio of reporter to quencher dye is measwred iInan
autornated system and indicates whether the PCR product was
present. Taghan™ detection of Salmonells,® Listeria® and E. col®
has been tested.

PCR procedures have been described for detecting many of
the bacterial foodborme pathogens in food makices, induding
Sabmonelia 7148 E. coli® Clostridium perfringens, ™ C. botulinum, >
Listeria monocylogenes,* Staphylococeus aureus™ Shigella® and
Casmpylobacter ®% Multiplex PCR protocols, which are designed
to test for more than one gene target simultaneously, can be used
o detect the presence of more than one microoganism or to iden-
tify 2 microorganism based on multiple gene markers, 8924

The detection of foodborne viruses is an ares in which PCR
may have its most significant impact. Because of the extireme dif-
ficulty or inability to culture many vinuses in the laboratory, PCR
provides an opportunity for sensitive detection of viral nucleic
acid in food, Sample preparation, as discussed above, is crucdial,
because an enrichment step for increasing the amount of target
nucleie acid is not feasible. Procedures have addressed the need
for both purification and concentration of virus particles from
food watrices.? The viruses of importance in foodborne fiiness
have RNA, rather than DNA, as genomic material®® For their
detection, RT-PCR has been applied, a procedore which uses the
Snzyme reverse franscriptase (RT} to make 2 DNA copy of the
RNA genome before proceeding with the standard PCR proto-
el Combining purification/concentration procedures with RT-
f}) CR has provided improved detection of viral disease agents in
a0ds et
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8.4 BIOCHEMICAL AND ERZYMATIC METHODS
13,41  introduction

Biochemical and enzymatic methods are among the oldest meth-
ods in microbiclogical analysis. They have been used since the
dawn of bacterilogy to study the metabolic activities of micro-
orgardsms for identification puxposes. These methods eventually
became standard tests in bacteriology laboratories. As time
passed, improvements were made to obiain resulis more rapidly
or easily. Fung’ made a historical account of the development of
rapid bactericlogical procedures, including minfaturized and
automated systems, A comprehensive treatment of rapid testing
is provided in the Handbook for Rapid Methods and Automation in
Microbiology.t

18.42 Minlaturized Microbiological Methods

Hartman®® compiied over 1,200 citations of rapid miniaturized
techniques for microbiclogical testing in his classical book Min-
iaturization of Micvobiological Methods. A significant advance o
miniatarization came with the development of the microtiter plate
format, which was introduced in the 1960s. Ninety-six reactions
could be performed in the wells of the microtiter plate, sach hold-
ing approximately 0.2 mL of media or reagents. The reduced vob
ume compared to conventional test tubes, which held 5-10 ml.
and the multiple tests which could be performed in a single plat®
provided a great savings in time, materials, space, and labor.

Mindaturized methods have been used to study large raunbers
of isclates from foods, "V including yeasts and molds 24555
Useful microbiclogical media were developed using the e
turized format, "2 which is also ideal for doing challenge testing
of chernicals against many types of microorganisms.

10.43 Comumercial Miniaturized Diagnostic Kits
{"finikia")

A host of commercial diagniostic kits were marketed beginning

in the early 1970, as & resnlt of fhe development of miniaturiz®

e
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ds. Some of the systems survived the test of tme. Many

metho 4 ’
feli by the wayside due to various reasons, e.g. poor performance
7

or design. The following is 2 synopsis of currently available com-
mercial minik;its. A recent review on this subject was made by
12

Russell et a

10.431 Agar Media Minikits

19.4311 Enterotube {(Roche Diagnostics, Nutley, Nj). The
only a gar-based diagnostic kit system still widely used is the
snterctube I, a self-contained plastic tube containing twelve dif-
serent conventional media in separate comparbments. The tube
i inoculated with a wire threaded through each compartment
along the length of the tube. The unit permits assay of 15 stan-
dard biochemical tests from a single bacterial colony, Reagents
are added into the Indole test and Voges-Proskauer test compart-
ments before recording of the color reactions and gas formation.
Table 1 describes the eolor reactions of the tests, which are re-
corded on data sheets (Figure 6}, A five-digit mumber is gener-
ated from the test results and matched 1o the manufacturer’s code
pook, which provides the identification of the isolate.

Similar color reaction charts, data recording sheets and code
took formats ave available for the other mindkits described inthis
section, Sorne systems utilize a seven- or ten-digit code mumber.
The code book of one system canniot be used to interpret data from
another minikit. Sometimes an isolate cannot be identified from
the code generated. An impure or insufficient inoculum may be
the cause, or perhaps an incorrectly prepared diluent. After ex-
haustive testing, if the isolate is still notidentifiable, a culture may
be sent to the manufacturer for further testing, and the resulis may
be added to the data base. Nevertheless, it is very unusual io
“discover” a new organism in this way.

The Enterotube [T was developed to ideniify species of the
Enterobacteriaceae only. A similar unit called Oxi/Ferm Tube was
designed for gram-negative nonfermenters.

The accuracy of the Enterotube I was 4% compared id the
conventional method.? A 90-95% accuracy of a minikit against
the standard conventional methods is considered good 1o excel-
fent. When accuracy deops to 85%, the system is considered mar-
ginally acceptable, and any value below that is not accepiable.

Advantages of the Enterotube W include speed and sase of in-
oculation. There i3 nio need o prepare an inoculum suspension,
and a single colony can be used for identification. Disadvantages

Table 1. Enterotube § Color Reactions
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Figure 8. Enterotube il data shest

include difficulty in stacking of the unifs in the incubator, short
shelf-life and a limited data base for food isolates.

10,432 Dehydrated Madia Minikits

A variety of minikits wtilize dehydrated media, which become
hydrated upor inoculation, Longer shelf-life, minimal contami-
nation, and lighter weight of the units are major advantages of
dehydrated versus agar media kits,

10.4321 AFI (bioMerieux Vitek, Inc,, Hazelwood, MO). The
APTis probably the most widely used diagnostic system in the
workd for the Enferobacterincese. Originally, the data base was very
strong for clinical isolates, but in vecent years, it has been ex-
panded to cover food, envirenmental and industrial isolates as
well. A flow sheet on the operation of the AP system is shown in
Figure 7.

The APY 20E has 20 small elongated wells housed in a plastic
parel, sach containing a dehydrated medium, and is designed to
perforn 23 miniaturized blochemical tests from a pure agar plate
cudture. Colony growih is mixed with buffer to make a suspen-
sion of cells, which is used to inoculate the wells of the AP sirip
using a small pipet. The unit is then placed into a plastic cham-
bey, into which water is added to avoid maoisture loss during in-
cubation. After incubation for 4 hr or 18 br at 35-37°C, the unit s
removed from the incubator, and reagents are added info cortain
wells. After the color reactions are recorded, a 7-digit code is gen-
erated. The unit can also be read and interpreted by a computer-
ized system, The AF] has been tested extensively, with reported
accuracies ranging from 30.2%% to 93%.1®

Advantages of the APl include an excellent data base, a proven
record of testing over the past 25 years, and long shelf-life, Dis-

advantages include a difficult
and Bme-consuming inocula-
How indo the units, especially

if many are to be prepared si-

Abbreviation Test Positive Reaction Negative Reaction - A

: : , multanecusly. Handling and
GLy Glucose utilization Yellow Red stacking of the flexible trays
Gas (Gas production Wax lifted Wax not lifted and lids are inconvenient.
LYs Lysine decarboxylase Purple Yellow Reading and interpretation of
OEN Ornithine decarboxylase  Purple Yellow reactions requixe experience
HS H.S production Black Beige and training,
INT Indole formation Pink-Red Colorless The following systems are
ADON Adonitol fermentation Yellow Red e available in formats similar to
LAC Lactose fermentation Yellow Red the API 20F:
ARAB Arabinose fermentation Yellow Red APINFT, for gram nega-
SORB Sorbitol fermentation Yellow Red Hdve ﬂOﬂ-EnsﬁYGbﬂCﬁf?’iﬁCﬁﬁ&
}’P Voges-Proskauer Red in 20 minutes No red color API CAME, for Campylo-
DUL Dulcitol fermentation Yellow Oreen bacter spp. ’
PA Phenylalanine deaminase  Black to smoky gray Green AFPI Staph-IDENT, for sta-
UREA Urease Red-Purple Yeliow phylococci and micrococct
{4 Citrate utitization Deep blue Green AP 204, for amaerobes
~—— {87
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Figure 7. Procedure for isolate identificstion using APl 20E system.

API 50 CH, for Lactobacillus

APL20C, for yeasts

Rapid STREP, for streptonoedd

Rapid CORYN, for Corynebacterium

104327 ATR thioMerisux Vitek, Inc, Hazelwood, MO The
ATB is a system for testing assimilation of 32 different substrates
by a microbial isolate. Cells are suspended in liquid and infro-
duced into the unit. After incubation for 4-24 hr, depending on
the culture, the tests are read manually or automatically. Teststxips
are available for anaerobes, staphylococcl, micrococd, yeast, En-
terobacteriacene, streptococel, and gram negative bacilli.

104323 Minitek (Becton Dickinson Microblology, Franklin
Lakes, NJ). The Minitek system consisis of a plastic unit of ten
wells into which are placed paper discs impregnated with diffex-
ent substrates. A suspension of bacterial cells is injected indo the
wells by a calibrated “gun.” Mineral ol is overlayed in some
anaerobe tests, and the units are incubated at 35-37°C for 18 hr
before reactions are read. A code is generated and the identifica-
Hion is made using the Minitek code book.

Thirty-six different substrates are available for use with the
system. A spedial dispensing chamber may be used to allow 10
types of discs to be dispensed into the 10 test wells of the unit.

98 +

Two units may be used for the 20 common tests for
identification of the Enterobacteriaceas.

Fung ot alX rated the accuracy of the Mindiek
at 97%. The system has the fexibility to allow the
analyst to use different substrate discs for charac-
terization of genera and species other than the En-
terobacteriacene. The many steps involved in setting
up the units and the need for several instruments
for inoculation of the wells are disadvantages of the
system.

10.4324 BBL Crystal (Becton Dickinsoen Micro-
biclogy, Franklin Lakes, NIk The two-part unit
design of the BBL Crystal systemn provides conve-
nience in use and reading of results. The bottom
chamber of the unit is for holding one mL of a lig-
uid suspension of the test culture. The top umit
containg 30 small rods with dehydrated substrate
housed at the tip of each rod. The rods are clipped
into the bottom unit and in one metion the testoud-
fire comes into contact with 30 different substrates.
The unit is then incubated overndght at 37°C, and
the results are read either manually or by using the
Crystal light box. The 10-digit code generated by
the results can be interpreted using the Crystal code
book or by computer

The Enteric/Nonfermentor ID Kit with 30 tests
is designed for the identification of both Enterobac-
teriacene and nonfermentative gram negative or-
ganisms, and the gram Positive ID kit allows iden-
tification of 121 gram positive cocc and bacilli
Advantages include sturdiness of the units, ease of
operation and coraputer-assisted identification.
There are no significant disadvantages.

164325 MiceolD {Organon Teknika, Durham,
MCh  The firet minikit capable of gram negative
isolate identification in four hours was the MicrolD
(Figure 8}. The system consists of a molded, styrene
tray containing 15 reaction chambers and a hinged
cover. The first five chambers coniain a substraie
disc and a detection disc in the lower and upper

portions of the chambes, respectively, and the other ten charabers
contain combination substrate/ detection discs. Except for e
Voges-Proskauer test, the discs contain all the substrates and de-
tection reagents requiired 1o perform the biochemical tests, Bacte-
rial cells are suspended into liguid, then 0.2 mL s inoculated into
the top of each chamber. The incoulum flows to the bottom of the
chamber, where it hydrates the disc. After incubation for 4 hrat
35°C, two drops of 20% KOH are added to the Yoges-Proskauel
chamber. The unit then is rotated 90 degrees, so that the substrete
and detection reagents of the first five chambers are mixed. The
reactions of the 15 chambaers are read, the first five from the uf
per portion of the chamnber. The MicrolD code bock is used 1o in-
terpret the code number generated from the resulis, The accuraCy
of the MicrolD has been reported as 93.5%% and 97%.2 A simiif
format with different substrates is available to identify Listeria P

Advantages of the MicroID are its accuracy, speed of reactieh
convenience in operation, addition of only one reagent, and long
sheif-life. Disadvantages include having to individually inoc®
late each of the 15 chambers and difficulty in reading the colof ol
marginal reactions.

10.4326 RapiD Une System (Remel, Lonexa, K8). The ¥ ’i}?w
One System consists of a chamber with an inocuhum trough o

-
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Figurs B. Micro 1D system,

nected to 20 separate wells, each housing a different dehydrated
substrate. Abacterial cell suspension is introduced into the trough,
then the unit is tilted so that the inoculum flows into the 2 {est
wells in one motion. The reactions can be read after 8 4-hr incu-
bation. Remel markets test kits for Entferobacterincens, Leuconostoc,
Pediccoceus, Lisieria, Neisseria, Haemophilus, nemfermentors, veast,
anaerobes, streptococdd, and urinary tract pathogens. Identifica-
tion accuradies of various anaerobes to the genus level using the
anaerobic Rapll) system range from 83-87%, and to fhe species
fevel, 76%~97%.1®

Advantages of the Rapll} One System include the reaction
speed and one-step inoculaion. A disadvantage is the skill re-
quired inreading the color changes.

10.44 Chromogenic Media

Microorganisms growing in the presence of certain dyes and or-
ganic compounds ray fluoresce under UV lght or produce dis-
tinctive colors. Such differential color reactions have besn ex-
ploited in the development of growth media for rapid screening
and identification of microorganisms.

Although not a new concept,” recently there has been inter-
est in developing novel differential media that utilive s new gen-
eration of chromogenic substrates. The new chromogens and
media ingredients allow differential coloring of different bacte-
rial groups on the same agar plate. BBL CHEOMagar (Becton
Pickinson, Franklin Lakes, NJ), BCM {Biosynth, Naperville, IL),
Chromocult and Fluorocult Agars (Merck, Darmstadt, Germany)
and Rainbow Agar {Biolog, Hayward, CA) are representative,
Salmonella, Listeria, E. coli Q15717 are a few of the puCrocrgan-
isms for which chromogenic media have been developed.

1048 Quantitative Enzymatic Methods

The previous sections described the use of biochemical and en-
zymatic activities for the identification of microorganisms to the
genus and species levels in rapid assays. These metabolic activie
ties snay also be used as rapid indicators of biomass, providing
an estimation of the size of the microbial population in foods.

Metabolic enzyme activity can be measured divectly or indi-
rectly. For exatnple, a direct ensymatic test is the widely-used
MUG test for E. coli, which detects action of the enzyme B-ghicu-
onidase on the compound 4-methyhumbeliferyl--D-glucu-
Tonide (MUG), resulting in produrtion of a flucrescent compound
vizsible under UV light. Theoretically, the more MUG-positive E,
coli celis present in the liquid, the more fluorescence will be gen-
etated in the presence of the MUG reagent. An example of an in-
direct test is pH change, caused by acid formation by the micro-
bial popudation in a food. The amount of acid formed, and
therefore the magnitude of the pH drop, would be indicative of
the microbial load in a food.

Enzyme activity tests are valuable because of the speed with
which a bjomass estimate can be obtained. There are drawbacks,

I Rapid Methods for Datection, Identification, and Enumeration

however. (1) Food components may interfere with the measure-
ment of enzyme activity. (2} The food may not provide phystologi-
cally optimal conditions; therefore, sruzyme activity may be sub-
optimal and may not directly veflect the size of the microbial
population. The following sections describe several enzyme ac-
tivity tests used for rapid evaluation of biomass in foods and the
food production environment.

10.457 ATP Bivlurinescence

Bioluminescence is the emission of light from viable cells and has
been used as an estimation of microbial load, as well as an index
of general cleandiness of the food production environment. Biclu-
minescence has been coupled to an ATP-dependent enzymatic
reaction. Because ATP is a marker for viable cells, its measurement
in a bichuminescence reaction indicates the presence of biomass,
In the presence of luctferin-luciferase, oxygen and magnesium,
ATY promotes the light-generating reaction, The amount of light
generated is proportional to the amount of ATP, and therefore big-
mass, in the sample.

Many atiernpts have been made to correlate ATE levels with
the total microbial count, with mired success. The amount of light
generated does not always reflect microbial munbers for various
reasons: biological food components {e.g. meat or vegetable tis-
sue) may have anintrinsic ATP content; the microbial population
may be metabolically inactive or slow; ATP levels TURY vary
among different groups of a mixed microbial population,
Siragusa™ reviewed applications of ATP bioluminescence tech-
nelogy for microbial monitoring in a wide variety of materials,
Recently, ATF research and application work has been focused
on sanitation menitoring in the food plant enviromment. ATF
indicates the presence of biomass, and after cleaning, ATP levels
drop dramatically.

Arwunber of copanies currently manufacture portable hand-
held instruments for measwring ATP levels from environmental
swabs. After the swab is reacted with the enzyme reagents in the
self-contained instrument, results are obtained in & matter of
minutes. The technology allows sandtation monitoring in “real-
time.” Some of the instruments can detect as little as 100 fg ATP.

The following companies market biolwminescence-based in-
struments for ATP measurement:

Biotrace-Heolab Inc. (St Paul, MN)

Celsis Ine. (Bvanston, YL

Charm Sciences Inc. (Malden, MA)

Cogent Technologies {Cincinnati, OH)

EM Science {Gibbstown, NJ)

GEM Biomedical Ine. (Hamden, CT)

TOEXX Laboratories Inc. {Westbrook, ME)

Lunac (Silver Spring, MDj

Miltipore Corp. (Bedford, MA)

New Horizons Diagnostics (Columbia, MD)

10,4582 Limuius Ameb@éyﬁa Lysate Assay

All gram negative organisms produce endotoxin as a stractural
part of the cell wall, In the presence of endotoxin, amebocytes
from the horseshoe crab Linmulus form a gel. The gel formation is
the basis of the endotoxin measurement system known as the
Limulus Amebocyte Lysate (LAL) Assay. Jay' used this simple
and sensifive assay o estimaté Gram negative eell number in
ground beef, but it has also been used to monitor the presence of
endotoxin in the hospital environment, pharmaceuticals, aix,
water and other materials.

{88
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10,483 Catalase Test

Catalase is an enzyme that breaks down hydrogen peroxide
(FL,03,) into water and oxygen gas {Q,). The Q, liberated in the
reaction can be detected as bubbles in the solution of H,G,, and
the test can be performed in 2 simple capillary tube* Not all mi-
croorganisms produce the catalase enzyre, but many of the food
spoilage species do, e.g. Feeudomonas spp., Micrecoccys, Staphylo-
coccus, as well as a mumber of enterics. The test may be usedas
rapid method for estimating levels of these microbial populations
in certain applications. Because catalase is also present in other
biological materials, ¢.g. meat, the test may be useful in sanita-
Hon mendtoring in the same way that ATP bicluminescence is
used {see section 10.451). The catalase test has also been used to
monitor the end-point heating temperature of food. Ang et at!
showed that heating poultry meat to 71°C destroys both bacte-
rial and ardmal catalase. The test is 99% accurate and is simple
and easy o perform.

10.454 CO, Measurgmant

Many orgacdsms produce CO, as a metabolic by-product, and its
meastrernent may be used o estimate microbial population lev-
els. The Bactec system {Beoton Dickdnson, Pranklin Lakes, NFuses
radiclabeled substrates in selective media to monitor radiolabeled
CQ, production, and therefore measure population sizes of the
microbial groups capable of growth in the media.
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105 MEMBRANE FILTRATION
10.51 Hydrophobic Grid fMembrane Filter

The hydrophobic grid membrane filier (BGME) was first intro-
duced to extend the counting range of conventional mensbrane
filters, thus reducing the number of ditutions required to analyze
a sample ¥ At first, its applicability was limited to water sammples
and other suspensions that did not contain a significant amount
of debris.2 Later, prefilters were introduced fo eliminate particles
from the food homogenates prior to filiration®* and a variely
of diluents and enzyme digestions techniques were introduced
1o enable more efficient filtration of the prefiltered homogen
ates ’21,31,-115

The HGMY has nunerous advantages over other food micro-
biclogy methods. I most cases, its counting range eliminates the
need for multiple dijutions®®; the process of filtration separatis
the microorganisms from the food matrix, thus eliminating inter
ference with growth as well as with interpretation of differential
reactions™; confining colonies inside the ndividual growth
squares on the HOMF vsually resulis in faller, denser coloniss
which are easier to detect¥ and restrains fast-growing Organisis
from spreading and overgrowing other colonies; the non-stail
ing nature of fhe membrane filter allows introduction of norrioxie
dyes into the culture medium, enhancing visibility of the ool
ies™ ¥ the arderad arrangement of colonies on the filter reduc®
the nead for subjective interpretation during counting, Imprey”
ing between-analyst reproducibility™*; and the flter can be >
ported from medium to medium {or staining reagent) withou!
disturbing the colonies, allowing for preliminary incubation & -
an injured population on a repair medinm prior to selective me
cubation®® or for sequential reading of two or more differenti®
reactions on the same filier 50

N
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PP,

The disadvantages of the HGMF are the need to clean and
resteritize the flltration apparatus, the difﬁm}t}j' em:guntereci m
Gitering ceriain types of foods, and the eye fahgue‘mw;ivefi in
counting up to 1600 individual grid squares. The labor required
o clean andl resterilize filtration uniis is iargely offset, in raost
cases, by the elimination of multiple ditutions. Handling prote-
cols to facilitate rapid filiration must be established for each food
sroduct prior to incorporating that product into the test routine,
put, once established, they remain consistent unless the formu-
iation of the food product changes. Finally, both marnual (I80-
GRID Line Countdey, see Figure 9) and automated™ counting afds
nave been developed to assist in interpreting growth pattems on
HGME.

Seon after the infroduction of food fitration techniques, sev-
eral procedures were developed for the detecton or eruaneration
of microorgardsms of interest to the food microbiologist, inciud-
ing coliforms and Escherivhiz coli #® aeyobicplate count fyeast and
mold count?, Staphylococcus aureus ? enterococcl® and Sabmonelin 2
Later, HGMFP-based tests for Vibrio parahaemolyticus 5% fluorescent

sendomonads,® Zygosaccharomyces batlil® Aeromonus hydro-
il ® lactic acid bacteria ™ Listeria monocytogeres ® and E. coli
O157-H772 were also described. Of these, the coliform, F. coli,
aerobic plate count, yeast and mold, Salmonells and E. coli
0157:H7 procedures have been accepied as Official Methods by
AOQAC International *15

The hydrophobic grid membrane filter, withits ordered growth
patterns, has been used by several researchers as the basis for
enzyme-labeled antibody (LA} enumeration and presence/
absence tests for orgardsms of interestin food microbiology. Barly
efforts in this area were directed towards §. aureus™ and E. coli
015774 BLA-HGMEF methods have alse been described for
verotexdgerdc E, cold,® Clostridium botuliman®™ and Sulmonefie The
ELA procedure is carried out either divectly on the HGMF orona
“blot” or replica of HGMF colondes on another membrane filter
When a replica is used, the colonies on the oxiginal filter remain
viable and can be subcultured for further detailed investigation,
if desired.

Colony hybridization methods have also been developed for
use with HGME A chromogen-labeled DNA probe was devel-
oped and used to detect colonies of Listerls monocytogeres directly
on the filtex®* Also, a colony hybridization technique has been
developed to emumerate and differentiate Vibrio parahaemolyticus
and V. pulnificus.™ In this last procedure, the HGMP was used for
primary isclation of suspect colondes from samples and a blot
replica of the filter was probed with a chiromoger-labeled DNA
probe.

10.511 Equipment Needed

IB0-GRID Hydrophobic Grid Membrane Filters ({04 Life St
ences, Inc.)

ISQ-GRID Filiration Units with built-in Sjim pore size prefilter
(QA Life Sdences, Inc.)

ISG-GRID staindess steel clamp {QA Life Sciences, Inc.}

Membrane Filter forceps (blunt-tipped, no gripping ridges)

Vacuum manifold or 1 Hter vacuum flask

Vacuuwm pusp (1/6 hp, mindmurn for use with vacuum flask;
1/3 hyp. rrindmum for use with manifold

Vacuum tubing with Yeconnector and tublog clamp

Counting instrument 3SO-GRID Line Counter; QA Life Sci
ences, Ine.). Queber Colony Counter or other Shuminated mag-
nifiers are acceptable slternatives

10.812 Sample Preparation for Quantitative
Analyses

Frepare a 1:10 sample homogenate. Ideally, 2 minimum 10 g
sample should be used. The cholce of diluent will depend on the
nature of the sample. Por example, most meat and dairy products
filter best when prepared in a diluent containing 1% Tween 80,
whereas most other producis ave best prepared in a surfactant-
free diluent such as 0.1% peptone or Butterfield’s Phosphate
Buffer. Homogenates can be prepared by using a conventional Iab
blender, by shaking, or by using a “stomacher” or equivalent in-
strument. Some foods produce viscous homogenates which are
difficult to filter. These can often be handled simply by diluting
the homogenate to 1:100 and filtering 10 mi of the diluted homeo-
genate. Dilution reduces the viscosity of the samnple homogenate,
allowing it to pass through both the prefilter and membrane -
ter more easily. while filiration reconcentrates the sample, allow-
ing the analyst to obtain a sensitivity level of 10MPN/g. Anum-
ber of foods require digestion with one or a combination of
enzymes to enable 1 mL of a 1:10 dilution of the homogenaie to
filter. Detailed recommendations on cheice of diluent, enzyme
digestion and sample dilution for optimum flkration, together
with instructions on enzyme preparation and use, can be found
elsewhere }®

10.513 General Procedure for Quantitative Analysis
The process of setiing up samples for analysis by HGMF is very
consistent, regardiess of the analysis. It is comprised of the fol-
lowing steps:

1. Prepare the sample homogenate for filtration.

2. Place a sterile filiration unit on the vacuum flask or mant-
fold and rotate the hinged funnel to the open {horizonial)
position.

3. Use sterile forceps to aseptically position a filter on the base
of the filiration unit. Rotate the hinged funmel to the shut
{vertical) position, '

4. Shide the stainless steel clamp over the flanges protruding
from both sides of the flzation funnel and base and rotate
the clamp arm to the shut (horizontal} position (see Figure
10).

Figurs 8. ISO-GRID Line Counter
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Dispense approximately 10-15 L of sterile water or diluesnt
into the top of the funnel. This will begin to drip through the
prefilter onto the membrane filter, preventing the sample
from sticking to either filter.

6. Without waiting for the sterile liquid to drip through the
prefilier, measure the desired volume of sample homogenate
or diluted homogenate (typically, 1 mL of 107 homogenate
to obtain 10 MPN /g sensitivity) into the funnel. Dispensean
additional 10-15 mL of sterile water or diluent into the fon~
nel to ensure uniform dispersal of the sample.

Using a Y-branched vacuum tubing, gently apply vacuum
to the filtration furnel just below the prefilter to draw hiquid
quickly into the lower chamber of the furmel. Vacuum should
also be applied simultaneously to the filtration unit base
below the HGMT to prevent the membrane filter from be-
ing dislodged during the prefiltration step.

8. Apply vacuum to the base of the filtvation unit to draw the
sample liquid through the membrane filter.

9. Hemove the menibrane filter fram the filliration undt, place it
on the desired culture medium and incubate as appropriate
for the test.

10. Following incubation, examine the membrane filter for
squares containing target colondes, count the number of posi-
tive squares, convert to the corresponding most probable
number (MPN) index and raultiply by the appropriate dila-
tion factor to obtain the MPN per gram or milliliter. MPN

~3

Figure 10, ISCLGRID Filtration Unit clamped shut with fifter in place.

conversions can be obtained by using the fornvuds MPN =
1600 « log, (1600/]1600 - x]), where x represents the num.
ber of positive squares.

I multiple quantitative analyses are to be run on a sample, a
single filtration undt can usually be used for all those tests. After
the first filiration is complete and the membrane filter has been
placed on the appropriate mediv, a second membrane filter can
be inserted into the fliration unit and a second filtration carried
out. The number of flirations that can be run for a single sample
on a single flization unit without washing is imited only by the
ease with which the sample homogenate passes through the 5 pm
stainless steel prefilter. Table 2 summarizes culhare media, incu-
bation conditons {duration and temperature) and target colony
colors for several common guantitative analyses.

10.574 Counting and Dilution Strategies for
Quantitative Analyses

The HOMF counting range spans nearly 4 log,, cycles, although
counts obtained at the upper end of the range should be treated
with caution. When 95% or more of the squares are positive, the
filter produces an underestimate of the true population. There-
fore, any result exceeding 1520 positive squares should be re-
ported as an estimated count. In the vast majority of cases, filter-
ing a single dilution will suffice to cover the desired counting
range (as compared to running three consecutive log,, ditutions
as is done with most conventional procedures). There are two
approaches to deciding what sample dilution should be filtered
for any analysis. The simplest is to choose the lowest dilution that
would be run i a conventional method was being used. Forex-
amaple, if a coliform test is usually run on 116, 1100 and 171,000
sample dilutions, then 1 mL of the 1:10 dilution should be filtered
for the RGMF analysis. Similarly, if an Aexobic Plate Comtons
particular product is usually carried out on the 11,000, 1:10,000
and 1:100,000 dilutions, then the filkation should be run on the
1:1,000 dilution.

A second method of determining dilutions is based on the
quantitative product specification for the analysis in question. Por
example, if an Asrobic Plate Count result is considered unsatis
factory at levels above 10°CFU/ g, then a dilution shonld be cher
sen to enable accurate and convenient counting in the vicinity of
that count level. Filtering 1 mLof a 1:1,000 dilution froma sample
with an Asrobic Plate Count of 18° CFU/g would produce af
proximately 100 positive squazes. This level of growth is selatively
easy to count, is well within the accurate counting range of e
HGME and allows for easy and accurate counting both above and
below the critical target level, giving the analyst a clear pich®
of how “clean” or, conversely, how far out of specification the
sample is. Alternatively, if only an occasional sample is expected
to be out of specification and the analyst wishes more inform®
tion at e lower end of the count range, 1 mL of & 17100 dilutio?
can be Bltered tnstead.

Cecasionally, almost all of the squares will contain target color
nigs. When nearly all squares are positive, one should courntt ?}m
number of negative squares and subtract from 1600 to determioé
the number of positive squazes. On other occasions, a fliter xndy
contain several hundred positive squares, If the growth I8 L
domly distributed over the entire 1600 squares, and if at least =h
of the squares {400 squares) appear to be positive, the rmber o
positive squases over the entire filter can be estimated by Cﬁ‘f"ﬁ"
ing the nuniber of positive squares contained in eight conﬂg‘jd
cus rows and multiplying by five to determine the estizd®
suumber of positive squares on the entire filer#
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i Rapid Methods for Detection, identification, and Enumeration

1abis 2. Hydrophobic Grid Membrane Filter Appioations for Quantitative Anslysis

T AQAC Official  Culture Incubation

analysis Ref. Method Media Conditions Interpretation

;;;gg;)}ate count 10 986.32 TSAF Agar 48 3 3 hours; 35-37°C Count all squares containing
growth {usually appear as
green colonies)

Total colform count 8,17 990.11 LMG Agar 24 12 hours; 35-37°C Count all squares containing
bhue colonies

£, coli count 8,17 990,11 BMA Agar 2-5 hours?; 35-37°C Count all squares containing
fluorescent colonies under Jong
wave UY light

Fecal coliform count 31 983.25 m-PFC Agar 24 £ 2 hours; 4.5 £ 0.5°C Count all squares cordaining
biue colonies

Yeast & aoid count 34 995.21 Yai-11 Agar 50 & 2 hours; 25 £ 1°C Count all squares containing

: growth {usually appear as
blue colonies)

E. coli O157:H7 36 99713 SD-39 Agar 24 % 2 hours; 44.0-44.5°C Count all squares containing
pink colonies; subcultuze and
cordirm serologically

Enterococci 20 m-BEntexococous 48 4+ 3 hours; 35-37°C "Count all squares containing

Agar pink or ved colonies; confirm
using catalase test

. anreus count 20 Baird-Parker 48 £ 3 hours; 35-37°C Count all squares containing

Agar black or dark gray coloniss;
condiom using coagulase test

Lactic acid bacteria 15 MRSD Agas 48 hours (anaerobic); Count all squares containing

25°C growth

Zygosaccharomyces 23 ZBM Agar 2-3 days; 30°C Count all squares containing

prilis smooth, moist, round-convex
colonies {usnally appear blue)

Fluorescent 22 TSA Agar, 4 + 48 hours®; 25°C Count all squares containing

pseudomonads then 5-1Agar colonies that fluoresce under

tong wave UV light

* After counting coliform colonies on LMG Agar, transter filter to BMA and incubete 2-8 hours.
* First incubste on TSA for 4 hours, then transfer to 87 Agar and incubate 48 hours,

Regardless of the dilution filtered, whether positive or nega-
live squares are countted, and how many rows are examined, cal-
culations must always proceed in the following sequence:

a} Convert any negative squaxe count or estimated count to
obtain a total number of positive squares on the filter
{"Score”);

b} Convert the Score to the corresponding MPN either by ap-
plication of the formula giver above or by using a lock-up
table®; and

¢} Muliiply the resultant MPN by the dilution factor to obtain
the MPN/g.

While the reproducibility of HGMF results is usually sufficlent
toavoid the need for duplicate filirations,* 4% greater precision
might occasionally be desired. When caiculating results obtained
from replicate filters, determine the Score and MFN separately
for each filter, take the average of the MPN values and multiply
the resultant average MPN by the dilution factor fo obtain the
MPN/g.

10.515 Procedure for Saimonsliia Presence/Absence
Toesting

The details of this procedure are given elsewhere.! The Safmonella

method can be summarized in the following steps:

1. Suspend a minimum 25 g sample in 9 volumes of nonselec-
tive enrichment broth. Mix as appropriate, adjust the pH, if
necessary, to 7.0 4 0.2, and incubate for 18-24 hours at 35~

- 37°C.

2. Transfer 0.1 mL (100 L} of overnight nonselective enrich-
ment indo a 10 ml volume of Mueller-Kaufmann Tetrathio-
nate Broth. Incubate 6-8 hours at 35-37°C i a water bath,

3. Using the filtration techrdque described in the quantitative
analysis procedure (steps 2-9), filler 0.1 mL (100 plL) of
Tetrathionate Broth culture. Place the membrane filter onte
EF-18 Agar and incubate 18-24 hours at 42 £ 0.5°C.

4. Examine the membrane filter for the presence of green colo-

nies. These are presumptive Salmonsliz colonies. Ino growth

is evident on the membrane filter, or if only yellow colondes
are present, the sample may be reported as “Saimorells Not

Detected.”

If presumiptive positive colonies are present, subculture a

reprasentative number of these (three is usually sufficient) for

biochemical and, if appropriate, serological confirmation,

w
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106 IVIPEDANCE, CONDUCTANGE, AND
CAPACITANCE

10.81 Theory

The use of electrical methods o determine bacterial growth dates
pack to the late 19th century® In the early 1900s, conductivity
was found to be useful for measuring ammonda produced by
dlostridia in various environmends,® and was used for measur-
ing bacterial proteclysis.’ Although electrical methods for enu-
merating bacteria were evaluated throughout the 1900s, it was
not until the early 1980s that these methods became automated
and were used o estimale bacterial populations on a variety of
foods, 7819213263454

Inpedance is defined as the resistance to the flow of a sinu-
goidal alternating current through a conducting material. Deter-
mination of impedance is complex in that it consists of a resistive
cormpenent (R} and a reactive component (X}, which, for the pur-
poses of monttoring bacterial growth, is measured as capacitive
resistance (X ). Impedance (£} is calculated using the equation
Z=A(B ¢ X where X = 1/ 27 £C {f = frequency; € = capaci-
tance).* The conductance (G} of a bacteriological growth medium
is a function of the resistance (R) of the medivm, where G = 1/R
and is dependant upon the jonic strength of the solution ® Ca-
pacitance changes in a growth medium occur very olose to the
electrode. The electrode serves as one side of the capacitor and a
layer of ions serves as the opposite side. Smaller jons produce a
thinner layer and this is reflected as a change in capacitance ¥ Ca-
pacitance has been proven to be useful in high conductivity me-
iz wsed for estbmation of yeasts and molds®

As bacteria muldtiply in a growth medium, they convert large
molecules into smaller, more mobdle ionic metabolites, which
change the impedance of the medium.® These metabolites in-
crease the conductance and decrease the impedance of the me-
divm. Once microbial populations reach a level of 109 1o 107 cells/
ml., the impedance, conductance, or capacitance {depending on
which parameter is being measured) of the medium shifts to the
extent that the instrirment can detect the change.® At this point,
& detection tire (DT) in hours is automatically reported and re-
corded by the instrument. Hence, DT is a function of the texnpera-
ture at which the assay is conducted, the medium, the genexation
fime of the bacterium or group of bacteria able to grow in the me-
dium, the extent of repair the organisnis need to begin multiply-
ing, and the inhibitors in the sample or medium,

A commeon misconception about impedance microbiology is
that the method is incapable of enumerating low numbers of
bacteria from samples. This confusion is due to the misunder-
standing about the sensitivity of the instrument versus the sensi-
tvity of the assay. The sensitivity of the instrament s 105 to 107
cells, because there must be sufficient metabolite accumulation
to enable a large impedance shift. The sensitivity of the assay is
ine viable cell because, as one cell multipties to 10840 107, its pres-
e may be detected.

| Rapid Methods for Detection, Identification, and Enumerstion

The time required for the monitoring instrament to detect the
impedance shift depends upon the number of microorganisms
in the samaple inttially, For example, if a sample contains bacte-
sial populations at a level of 11° cells/mi, the detection time
would be reached rapidly because only four to eight cell divisions
wonld be required to exceed the detection Sweshold level ® How-
ever, for samples that contain only 1 micreorganism/mL, more
time wounld be required for microbial populations to multiply to
the detection threshold. Hence, detection imes are inversely pro-
portional to initia] bacterial rnumbers,

Most commerdial systems (section 10.62) canbe progranyned
such that samples that detect rapidly and are “highly contami-
nated” may appear red on the report sceeen of the computer. This
allows for immediate recognition by the technician that a sample
is highly contaminated and the product should be held, Likewise,
detection Hme ranges that would be considered “caution zones”
can be prograxmed fo appear yellow on the screen and ranges
that would be considered “acceptable” would be programmed
to appear green. Using this technigue, a technician can determine
the disposition of many producis being tested by glancing at the
computer screen,

18.62 Commercial Systems
10.621 The Bactometer

The Bactometer Microbial Monitoring System is a computer con-
trolled impedance, conductance, and capacitance monitoring
device, The Bactometer can be used fo: 1) perform total microbial,
coliform, yeast and mold, lactic acid bacteria, Escherichiz coli, and
Pseudomaonas fluorescens counts, 2} detect the presence of Salmonella
aveed Listeria, 3) predict shelf-life. 4) conduct challenge and func-
tional sterility testing, and 5) monitor environmental samples.

The Bactometer includes the following components: a com-
puter, printer, and Bactometer Processing Unit (BFLU). The BPU
is comprised of two incubators that can be set independently of
one another with a temyperature range from 10°C below ambient
temperature to 55°C. Each BPU can simuitanesusly monitor from
1 to 128 samples. Three additional BPU's (each containing two
independent incubators} can be added to bring the total capacity
of the system to 512 samples.

Test saraples (total of 2.0 mL) are loaded into the Bactometer
disposabie module wells (16 wells per module) which ame inseried
into the BPLUL. The system is capable of monitoring conductance,
capacitance, or total impedance for sach sample, Readings on each
sample are taken every six minutes.

The Bactorneter software utilizes an algorithm that determines
the onset of acceleration in the sample’s impedance curve. The
BT’s are displayed as soon as they are available, Samples exceed-
ing the microbial specification level appear in red, borderline or
marginal samples appear in yellow, and samples that are acoept-
able and below the specification Jevel appear in green. The soft-
ware allows the user to print reports, view and plot curves, and
perform statistical analysis required for the creation of calibra-
Hon curves.

10.822 The RABIT

RABIT for Windows™ is a compact and versatile system for rapid
enuuneration of bacteria. The basic system is composed of a PC
with Windows™ software and a 32-channel incubation block. The
test cells appear to be stmilar to test tubes; however, the bottom
of the cell contains an electrode assembly that may be removed
and disassembled for cleaning, autoclaving, and reuse. Thus, the
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cost per test is very low because the cells are reusable rather than
disposable. A working volume of 2-10 mL of medium may be
added to each test cell. The design of the test cell allows the user
to conduct divect or indirect impedance assays (section 10.648).

The 32-channel incubation block s composed of two sides
which may be individually controlled with regerd to temperature,
The system can be expanded to provide a total of 512 test chan-
neals by increasing the nuraber of incubation modules. The user
has full access to information about each individual cell through-
cut incubation, allowing each test to be set up or terminated on
an individual basis.

The Windows™ based software facilitates sample entry and
analysis of results. Bnpedance data may be exported to spread-
sheets and database programs for mandpulation, Statistical Pro-
cess Control (SPC) software is available for companies that uti-
Hee SPC programs. Final impedance readings may be viewed on
screeti or printed.

10,823 The Malthus

The Malthus-V can be used to detect a wide range of microorgan-
tsme. Up to 256 samples can be tested simultanecusly for the pres-
ence of aercbic, microasrophilic, and anaerobic microorganisms.™
The computer-based instrument is designed for continuous auw-
tomated analysis. Liquid, colloidal, and solid samples require no
special preparation. The samples are analyzed using reusable elec-
trodes over a temperature range of 4°C to 47°C. Color-coded
pass/fail/suspect resulis are automatically displayed on an in-
tegral HP-Vecta microcomputes, and programumed checks ensure
precise analysis. The Malthus Analyzer has the capability for on-
and off-ine communications with other computers®

10.624 The BacTrac

The BacTrac may be used to detect the proliferation of various
types of bacteria, yeast, and mold. Included with the system are
a 386 or 486 computer. an incubation block that can contain 20 or
40 measuring cells with working volumes of 10 or 100 mL. The
test cells axe similar to the RABIT o that they contain an electrode
assenbly that may be removed and disassembled for deaning,
autoclaving, and reuse. The design of the test cell allows the user
to conduct divect or indirect impedance assays (section 1{(.648),
Up to six incubators may be linked to allow for a maximum sys-
tere capacity of 240 samples,

As with other impedance methods, the impedance of the me-
divzn (M-value) may be monitored. However, this system is also
able to sitnultaneously monitor the impedance assoclated with
the area around the elechrode (B-value). While the Bactometer is
able to monitor impedance, conductance, and capacitance {sig-
nal around the electrode), it Is unable to separate these signals and
interpret them individually for each individual sample. Monitor-
ing these two signals independently is called the Impedance-Split-
Hng method. This method is especially useful for mondtering bac-
teria that are grown in high salt media, such as Staphylococous
aurens, because, at high salt concentrations, the M-value does not
stgnificantly decrease ag the bacterla multiply: however, the BE-
vahue decreases drasteally ¥ 4

18.83 General Considerations and Precautions

The total asrobic plate count {APC) method is different than im-
pedance, conductance, and capacitance with regaed to how esti-
mations of bacterial populations are performued. With the APC
method, each individual bacteriurm on the surface of a plate con-

taining bacteriological growth medivum with agar must multiply
o the extent that a visible biomass {colony) is reached. The colo-
nies are then counted and an estimate of the original mumber of
bacteria in the sample is determined. Impedance, conductance,
and capacitance, are based on the electrical changes that cccur in
medium as bacteria break down large molecules into smaller,
mipre mobile metabolites, Thus, preparation procedures, media,
and growth conditions for conducting electrical assays ave dif-
ferent than those used for the APC method. Detailed reviews of
approaches to the development electrical methodologies are pre-
sented elsewhexe, 995

10.631 Msdia

The growth medinm used to conduct electrical assays greatly
influences the electrical shift that must be interpreted by the in-
strument, I medium compaonents are not designed to optimize
the electrical ghift during bacterial growth, impedance curves will
be inferior. The following circurnstances may lead to curves that
are not able to be interpreted by the nstrument: 1) the baseline
may drift, 2) the percent change in Impedance may reverse di-
rection during the growth phase of the organdsmy, 3) the accelera-
tion of the impedance change may be weak, 4} a lower maximum
impedance change value may be obtained, 5} the curve may be
i-phasic which cannot be interpreted, 6} erratic cuirves may de-
velop if bacteria are able {o produce gas while growing in the
wmedinm.? Thus, media must be developed io optimize the sig-
nal by controlling the use of ingredients that contribute to ervalic
curves such as certain types of salis and carbohydrates.

10.632 Incubation Temperature

Incubation temperature is one of the most kuportant consider
ations when conducting animpedance assay. Temperature is used
as a selective component of the assay. For example, if a sample
containing 1 coryneform and 10° pseudomonads were placed into
an impedance instrument and allowed to incubate at 30°C, the
coryneform would be the organism that is detgcted and eniumer
ated.” Although the pseudomonads in the initial sample excesded
the coryneform by a factor of 100,000 in the initial sample, they
did not contribute significantly to the impedance change of the
medium and, thus, were not enumerated. This example (Hustrates
how temperature may be used to select for the growth of a par
tieular species of bacteria to be enumnerated in samples contain
ing mixed populations. Detailed methods for developing and
optiviizing media have been reported. ™

10.633 Sample Praparation and Handling

Because time to inypedance shift or “detection time” is the param-
ster being measured, sample preparation and handling must be
extremely strict when conducting impedance assays, Samples
should always be placed into growth medinm thatis a consistent
temperature. The amount of trme to noculate the medium, place
the sampie into the module well, place the module well into the
incubation chamber, and initate the impedance readings must
beheld constant from sample to sample, For example, if a sample
is placed into cold growth medium, and held in a refrigerator for
1 hr before being placed into the module and then incubated, 5
sample will have a much different DT than an identical sample
that is placed into a warm medium and incubated immediately
Thus, every effort must be made to standardize sample prepare
tion and handling provedures,

1066 1

National Beef Ex. 1007
Page 1455




R

10.634 Generation Times

When using impedance to estimate bacterial numbers in samples
containing mixed populations, if is essential fhat the media and
temperature be selected so that differences in generation times
petween the different species of bacteria in the sample are mini-
mized.® Firstenberg-Eden and Tricarico® revealed that 18°C is the
appropriate temperature for monitoring samples that contain
mixed flora {mesophilic and psychrotrophic) when enumerating
total populations of bacteria using impedance. This is due to the
fact that 18°C is the fernperature at which generation times for
she mesophiles and psychrotrophs are most similar at 1.5 and 1.2
hr, respectively” Mindmization of differences in generation times
allows most of the genera in the sample to multiply at a similar
rate and hence, gives a move accurate indication of the total popu-
lations present.

10.835 Inhibitors

Some foeds contain natural cornpounds that are inddbitory to the
growth of bacterta. Other foods such as processed products, may
confain preservatives, Natural bacterial inhibitors or preserve-
tives may prolong the lag time of the bacteria being enumerated
and delay detection, giving a false estimation of the number of
orgenisms in the original sample. Interference by inhibitors or
preservatives may be detected by conducting assays on serial
dilutions of the sample, If the diluted samples have similar de-
tection times or shorter detection times than concentrated
samples, then the presence of an inhibitor may be suspected.”

lons in foods may interfere with the impedance signal and
cause excessive drift by increasing or decreasing the impedance
readings, or by reacting with components in the medium to pro-
duce compounds which mimic bacterial metabolites. Specifically,
chloride (C1) ions cause excessive drift and destroy the oxide
layer coating on electrodes in the Bactometer module.” Bisulfite
{H50,) fons can form SO, in neutral moedinm, which changes
the conductivity component of the medium,

Inhibitory substances should be neutralized using ditution or
separation procedures. Dilutions should only be conducted on
those samples that contain a sufficient rumber of bacteria initially.

10.838 Ssiactive Components

Selective components in commercial media may act as inhibitors
when conducting invpedance assays. A general knowledge of the
components of the mediwm to be used is necessary for determin-
ing those species of bacteria that will be inhibited if selective comn-
porenits are present during impedance monitoring,

10.8637 Damaged Cells

Sublethal injury to microorganisms may be caused by heating,
cocling, freezing, or exposure to inhibitory or toxic substances,
Sublethally injured cells would not be detected using a standard
AP that is incubated for 46 hy, because in that time interval the
bacteria would not have safficient time to recover, veproduce, and
produce a visible biomass. In an electrical assay, the accumula-
tion of metabolites could be detected for cells which have been
injured and must repair themselves before initiating replication,
For processer foods that contain injured cells, it is useful to de-
velop separate calibration curves.

10.638 Particulate Matter
Sorme foods contain significant quantities of particulate matter
Such as spices, that interfere with the electrical impulse as it passes

o S

I Repid Methuds for Detection, identification, and Enumeration

between electrodes. For these foods, the sample should be diluted
{if there are enough organisms to allow dilukion) or filtered to
remove the particilate matter. Another technique involves cov-
ering the electrodes with hot sterile plate count agar and then
layering the inoculated medinm over the plate count agar. As
bacteria multiply and produce metabolic by-products, the me-
tabolites diffuse into the plate count agar and change the imped-
ance between the electrodes.

1284 Typical Appiications

In general, impedance assays require much Jess Hime and effort
to conduct than traditional plate counts, With traditional plate
counts, the sample must be diluted using serial dilutions, plated
using duplicate plates, incubated, and then counted, For imped-
ance assays, samples can be analyzed without using serial dilu-
tans, provided they contain at least one viable bacterial cell and
no more than 1Y cells. Samples that contain greater than 107 cells
must be difuted because the Impedance threshold will be reached
within 1 hr and the instrument will not be able to interpret such
rapid impedance changes. In most cases, with impedance, the
sample is difuted 1:10 into & microbiological growth medium and
T mlL of the growth medium is then placed into the Bactoraeter
module well (Backumeter) or tube (RABIT, Malthus, and BacTrac),
The module or tube is then incubated and impedance is read
aviomatically by the instrument.

10.8417 Estimation of Asrobic Plate Counts

To estimate APC using impedance, differences in the generation
times of the species in the sample must be minimized by choos-
ing the proper medium and temperature of incubation. By mini-
mizing differences in generation times of species in a sample, the
microorganistns, aithough different, will mudtiply at a similar rate
and will reach the detection threshold of 10917 at simdlar times.
Using this method, correlations between impedance and plate
countts will be highest. By correlating DT o APC, future APC can
be estimated based on impedance readings.

& commonly used procedure to estimate APC from foods of
animal origin was described by Firstenburg-Eden.” A 10 g sample
is placed into 90 mL of brain heart infusion broth (BHI) and
glomached. One milliliter of the strained homogenate is then
placed info a module well (Bactometer) or tube (RABIT, Malthus,
and BacTrac). The module or tube is then insubated in the instro-
mexd at 30°C for 48 hr. Depending upon the inifial microbial load
in the sample, results may usually be obtained in 1 to 12 hours.

i0.642 Estimation of Selected Groups of
Microorganisms

Impedance has been used as a means of enumerating coli-
forms BB fooal coliforme,TH68 mesophiles,® and Enterobuc-
teriacene™ from samples of wastewater, dairy products, pouliry,
and meat. The growth of lackic acid bacterial starter cultures have
been monitored using impedance * Other researchers used Inped-
ance as a means of monitoring the metabolic activity of lactic acid
bacteria inmilk ® Direct and indirect impedance fechniques have
been used to estimate yeast populations in frozen fruit juices, B
Using specific media and temperature, the growth of these groups
of bacteria or fungi may be enhanced over competitors in mixed
sampiles. By enhancing their growth, these organisms are able to
multiply, produce encugh metabolites to change the impedance
of the medium, and be responsible for the detection time,
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10.643 Estimation of Specific Bacteria

Using media and tenmuperature that ave exclusively selective for a
particular miceoorganism, mpedance may be used as a means of
detecting and enumerating the organism from samples
containing mixed populations, Media have been developed spe-
cifically for detecting Selmonells in foods using imped-
AnceAALENIHRALS Berause bacterial reduction of trimethyi-
amine oxide to timethylamine is generally repressed under
aerobic conditions, it was originally thought that detection of Sal-
monglia using impedance would be optimal using anaerobic me-
dium. ¥ However, another researcher found that for Salmonells de-
tection, impedance changes inceased and time to detection
decreased when impedance was conducted in aerobic conditions ¥

Immunomagnetic separation provedires were combingd with
impedance as a means of capturing and copcenirating Selmoneils
from preenviched broth medium. ® The medium used was selen-
ite cysteine /trimethylamine oxide/ mannitol medhum (SC/T /M),
The authors deronstrated that Salmonelle detection was en-
hanced by eliminating competition from other bacteris in dried
itk samples using selective medinm @

Inpedance methods for detecting Salmonelia have been com-
pared to conventional methods and have been found to be suit-
able for sereening, since negative resulis can be obtained in less
than 38 he¥ Others found that impedance outperformed rapid
microbicdogical techniques, such as the Gene-Trak System and
Salmonella-Tek.* Impedance as 2 means of detecting Salmonellz has
been given ACGAL first action approval following a 17-laboratory
collaborative frial®

Listeria spp. have been detected by conducting impedance
assays using a modified growth medium containing acriflavine,
ceftazidime, nalidixic acid and escudin® Other species of bacte-
ria were able to grow in the medium; howeves, Listeria spp. could
be differentiated from the others by the shape of the impedance
curve. Glucose-enriched nutrient broth supplemented with pro~
flavine axwd mooxalactam has been used to detect Listeria spp. in
spiked (10 cfu/ g} cheese” Only Bolton and Gibson” have de-
scribed a method for detecting Listerig spp. from unspiked foods.
For further information regarding the use of impedance as a
reans of detecting pathogenic bacteria, please xefer to an excel-
lent review by Silley and Forsythe ¥

A procedure to enumerate Escherichia coli (E. colf) from foods
of animal origin in as fittle as 1 to 7 hours has been developed
A significant linear correlation (v = (.92) was observed between
log,, Peirifiiny™ E, coli Count Flates (ADAC International, ap-
proved methodology number 981.14) and £, coli detection times
(DY) using CM Medium. E. coli were enumerated from broiler
chicken carcasses in 1 to 7.6 hours, which weould allow proces-
sots to analyze products prior to shipment.

Acapacitance method for eraumerating Preudomonas fluorescens
from broiler carcasa rinses was described by Russell.? Brain heart
infusion broth (BHI) containing the following additives: nifro-
furantoin (4 pg), carbenictllin (120 pg), and Irgasan {25 pg) perml.
{BHI-PSA-patent accepted and pending) was able to effectively
select for the growth of Pseudomonas fuorescens in samples con-
raindng mixed microflora, such as a broiler chicken carcags rinse.
The thne required fo enwinerate P flucrescens was <22.4 hr, This
method may be usefud for enumerating P fluorescens on chicken
as a reeans of predicting the poteniial shel-life of fresh products.

10.644 Estimation of Paychrotrophic Plate Counts
Psychrotrophic plate counts at 7°C for milk samples containing
high numbers of psychrotrophs were highly correlated (¢ =-0.95}

1o impedance detection times, when samples were incubated at
18°C.% The authors found that by reducing the noubation tem.
pearature o 18°C, while conducting innpedance measurements, the
genevation time of the psychrotrophic bacteria was sixailar to the
wesophilic bacteria in the sample. By reducing the generation
time, the peyciuotrophs were able to multiply and change the
impedanee of the medium, which resulted in a detection time that
was not influenced by the presence of mesophilic bacteria @

A selfective medium was developed for rapidly enumerating
Psevdomonas fluorescens from brotler chicken carcasses using ca-
pacitance.” Log,, detection times were highly correlated (1% = 0.96)
to psychrotrophic plate counts eonducted at 7°C. The author con-
cluded that capacitance, in combination with selective media, can
be used to enumerate psychrotrophs from fresh chicken in Jess
than 18 hours, as opposed {o 10 days, as is required by the stan-
dard method #

10.845 Estimation of Bhelf-iife

Estimation of shelf-life of fresh foods is based on enumerating the
organism or group of organisms respoensible for producing spoil-
age defects {odoy, slime, discoloration} ox the food. Mead and
Adams® described the challenge of rapidly enumerating small
munbers of psycheoteophs from samples containing much higher
nurnbers of mesophiles by stating “the rapid isolation of psychue-
philic spoilage bacteria is of interest in relation to various foods
and numerous attempts have been made previously to develop
selective media which would permit more rapid growth of the
organisms at kgher incubation tenaperatures whilst inhibiting the
srowth of mesophiles.” The traditional method for enumerating
peychrotrophs to predict shelf-life is described in section {Chap-
ter 13) and requires 10 d at 7°C. After 104, most foods would have
already been purchased and consurned before resulis counld be
obtained.

A rapid impedance based method for determining the poten-
tial shelf-life of milk has been reported® In this study, milk
sarnples were preincubated in plate count broth at 18 or 21°C for
18 hr. Afier preincubation, the samples were placed in module
wells containing modified plate count agar (MPCA) and were
incubated at 18° or 21°C. In ancther study, high correlation coef-
ficients (% = 0.87 and 0.88) were observed between the shelf-life
of milk and impedance readings taken at 18 and 21°C, resper
tivaly?

To rapidly predict the shelf-Jife of fresh fish, samples havebeen
analyzed using conductance at 25°C in wimethylamine oxide ni
trogen medium (TMAQ)® Using this method, IS producing
bacteria enumerated using conductance were highly correlated
{1* = (1,96) 10 the shelf-life of fresh fish,

The potential chelf-life of fresh poultry can be predicted inless
than 18 he.® In this study; log,, capacitance detection times were
highly correlated to day of storage (2 = 0.86).

10.848 Determination of Temperature Abuss

A series of studies were conducted to develop a method to rap”
idly determine the cccurrence of temperature abuse of fresh pouk
Ty 5 By incubating samples at 42°C, increases in populations
of mesophilic bacteria as a result of temperature abuse wese de
tected. To make the procedure more sensitive to small fluctuations
in temperature abuse, coliforms were monitored at 43°C, guch that
significant increases of coliforms on groups of chicken carcass
were considered to be due to texmperature abuse because, under
refrigeration, populations of coliforms remain constant of der
crease in number®
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10.647 Sterility Testing of Ultra-High Temperature
{LIHT} Products
Many shelf-stable foods are steﬂiizeci using ultrawfhm: gh rtemper&
m_rg processing {UHT). The impedance procedure is often used
a5 a screen to insure that all viable cells or spores have been de-
stroyed during the sterilization process. These assays are con-
ducted to determine if any micxobial growth can be detected, not
tar enumeration purposes; thus, equilibration of generation tirnes
is not an issue. Food samples may be pre-incubated with or with-
out growth medinm to allow any viable crganisms or spore-form-
ing bacteria to proliferate. Samples are then placed in one or more
wih media and incubated at one or more temperatures {often
3% and 55°C are used to allow mesophiles and thermophiles to
grow), Procedures for screening dairy products,” fruit juices %
and low acid canned foods™ have been reported.

10,648 Indirect Methods

A method for indirectly monitoring yesst growth using conduc-
tance has been described ® As yeast proliferate, they evolve CO,.
The evolution of CO, causes the conductanaes of an alkaline solu-
tion, which is contained in an ingert containing elecirodes, to
change. The indirect method is advantageous for measuring the
growth of yeasts because the electrical sipnal is greatly agnified . ®
Using indirect methods, culture media conteining high concen-
trations of salt or other inhibitory agenis, that negatively influence
the electrical signal when conducting direct impedance measure-
ments, can be used for the detection of microorganisms without
interference.S An indirect impedance procedure has alsc been re-
ported for detecting the presence of Escherichiz coli in potable
water.” The authors stated that when compared with the Colilert®
method, indirect impedance eliminated the need for confirmation
and was found to be more rapid than Colilert®. [f is also possible
for the method to be used with samples containing high solids/
low volume where membrane filtration would be Inappropriate.

10.65 Imterpretation of Results
10.8587 Calibration Curve Method

Before using electrical methods for estimation of bacterial num-
bers in foods samples, a calibration curve should be developed
for each “group” of products that will be assayed in the future,
The calibration curve is used to define the relationship between
the electrical method and a standard method {usually APC) or the
glecirical method and some other parameter, such as shelf-life,
Todevelop a calibration curve, 80 to 100 samples of a food prod-
uct with varying levels (3-8 log, cycles) of the organismi{s} to be
assayed are analyzed using the electrical and conventional meth-
odologies. For example, to enumerate E. coli from rmilk, 100 samples
of milk should be obtained that contain E. coli at levels of 10! to 1¢°
and should be tested using electrical and conventional tech-
Tigues.” These data are then analyzed using linear or quadsatic
tegressions. Because there is error associated with using electrival
methods and conventional methods, and the two methods are not
Measuring identical things (metabolites versus visible colonies),
the data points will generally be scattered about the regression line,
The vorrelation coefficient () is used to describe the correlation
between the two methods. The closer r approaches -1.0, the higher
the level of agreement beiween the two methods. The ideal r is
Ttegative as opposed to positive 1.0, because DTs are inversely
Praportional to APC or other bacterial counts. The correlation
between electrical and conventional methods will vary based on
the smber of samples tested and the range of the concentration

1 Rapid Methods for Detaction, Identifisetion, and Enumeration

of miceoorgandsms on the samiples. In general, on samples where
the generation time differences of the target organisms can be
mindmized, a correlation coefficient of r = 0.85 ox higher is achiev-
able if 80 to 100 samples containing levels of 10! to 107 are tested

When developing a calibration curve, several factors mustbe
considered. Sanples that contain few (< 10} micvoorganisms are
subject to sampling error. Curves generated from these samples
contain more scatter and lower correlation coefficients than
samples containing higher numbers of microorganisms, In addi-
tion, when a sample contains few microorganisms, extended lag
tmes may result in long and varigble D52 For samples that
contain mora than 107 microorgandsms /mL, the detection thresh-
old is reached 5o rapidly, that the number of microorganisms
cannot be distinguished. It is often necessary to remove extreme
data poirts {low or high} from the calibration curve equation, so
as o reduce the amount of error associated with the curve. Any
data point that Hes far cutside the standard evror should be evalu-
ated to determine if 1) an error was made in calealating or record-
ing the colony count, 2} an error was made In endering the data
into the computer, 3) an inaccuracy of DT resulted from an ab-
normal curve, and 4 the data point was derived by assay of an
unusual sample source?

Maost food products do not contain a naturaily broad range of
microorganisms 1o be used for calibration curve purposes. To
inerease counts artificially, food samples are temperature abused.
If saxnples must be temperature abused to develop a calibration
curve, every effort should be made to mimic actual abuse situa-
tions (lemperature, moisture, and oxygen conditions) that would
oecar naturally, 50 as not to accidentally select for the growth of
a microorganisin or group of microorganisms that will interfere
with the desired counts. Any alteration of the natural fiora may
result innaccurate D%

Calibration curves may also be influenced by the type of food
being analyzed. A separate calibration curve must be developed
for foods that contain ingredients that increase or decrease the
growth of bacteria, Le., sugars or preservatives. Foods should be
grouped according to these factors and a calibration curve should
be developed for each group.

10.652 Sterility Method

Foouds that contain low levels of microorganisms may be tested
using an “industry steribity” protocol. This protocol was devel
oped such that DTS are achieved only if the product is contami-
nated with more microorganisins than the specified level, An
appropriate dilution scheme is used to dilute out the normal back-
ground flora and allow the detection of higher ruribers of organ-
isms. Because dilitions are made, any detection means that the
sample is contaminated with the organism at a level that exceeds
the specified level, For example if samples normally contain 1 to
50 organisms and the specified level is 1000 cells/ml, a 100 di-
hutton would be used. This method may be used for various foods
and diffevent levels of coxtamination, depending on the difution
scherme chosen. Itis effective for foods inwhich a calibration curve
cannot be developed because of low- or high-count samples, in-
ability to calibrate, presence of inhibitors, etc. For the sterility
techindgue to be effective, however, a large difference in counts
myust exist between acceptable and unacceptable samples @
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10.7 PHAGE PROBES
10.71  Introduction to Bacterial Viruses
10.711 History of Discovery

The existence of bacterial viruses known as bacteriophages—eat-
ers of bacieria—was first reported by the British scientist EW, Twort
in 1915, and semewhat controversially in 1917 by the Canadian
bacteriologist K d 'Herelle. Twort’s publication in the Lancet docu-
menied the phenomenon of “glassy fransformation” observed in
colonies of micrococd grown en agar in the presence of small pox
vaccine. He postulated that the “iransparent dissolving material”
might be caused by: 1) an enzyme; it} could be part of the fe ¢cycle
of the bacteriumy; or i} was caused by a virus, a term Hrst used
vaguely by Jenner in 1796 and used more specifically in 1898 by
the Duich botanist Martinus Befjerinck in his study of Tobacco
Mosaic Virgs

d'Hexelle, howeves, was much more certain of the viral nafure
of this bacteriolytic agent, subsequently published a book in 1921
entitled Le bactériophage: son rble dans immuniié, However. he mis-
takenly assumned that a single bacteriophage existed,® and that it
could act against a number of different species of bacteria due to
adaptive variation.® This is, in hindsight, not a surprising as-
sumiption when one considers that virus taxonomy and classifi-
cation was still many years away from the generally accepted
system in use today.® Australian scientist Burnett, between 1524
and 1934, disproved d'Herelle's theory of a single bacteriophage,
and went on to identify a myriad of virases, which while extib-
iting different physical and biclogical properties, were abie to
maintain these characteristics despite repeated subculturing ¥

Significant scientific advances were to be made in the study
of bacteriophages during the late 1930s to 50s. In particulay, the
formation of the Phage Group—a group of scientists to include
Max Delbruck, Alfred D. Hershey, Salvador E. Lusia, and James
D. Watson—played an enormous role in both the beginnings of
malecular biology and the elucidation of the structuzxe of DNA.
Dhuring this period, researchers showed that viruses were com-
posed of either DNA or RNA with a protein component, and in
1946, Hershey demonstrated that bacterial viruses could undergo
genetic recombination. In 1852, Zinder and Lederberg first dem-
onstrated host transduction {the transfer of genetic information
via a virus particle} by bacteriophage P22, while Brenner, Jacob
and Meselson discovered messenger RNA in 19619 The presence
within the Phage Group of the electron woicroscopist Anderson
enabled the identification of viral architecture, a feature now used
by the International Commyittes on Taxonomy of Viruses (ICTV)
te atd in identification and classification of viruses along with
nuckeic acid information.® The attachment of bacteriophages to
bacterial cells was also demonstrated by electron microscopy.
Ultimately this led to the elucidation of replication of these para-
sites within the host cell.

10.712 FPhage Replication

Fhages, in common with other viruses, do not possess the bio-
chemical machinery required to replicate themselves, and thus
rely on the assistance of an actively metabolizing bacterial sell to
do the job for them, As phages have no means of actively seek-
ing out replicative hosts, coming into contact with one is a com-
pletely random event, relying on thelr interaction during move-

ment through a mediwn, 52 Replication will ondy follow if the cell
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contains specific receptor sites for the phage in question, such as
cell wall ipopolysaccharides, proteins, teichoic aclds, pili or fla-
gella. Variations within receptor groups further increase the
phage’s specificity for a particular host, with the result that bac-
teriophages are typically specific in their host requizrermnents to at
least the genus level, ared usually beyond ™ The replicative eycle
can differ depending on the phage, but there are sufficient come-
monalities to use T4™ and Lambda? phages as general examples
of the Tytic and lysogenic replicative cycles respectively.

10,7121 Attachment and infection. Atiachment, as described
above, occurs when a phage encounters a bacterial cell possess-
ing a particular recepior specific for that particular phage. In the
case of the extensively studied DNA bacteriophage T4, fibers
associated with its contractile tail mediate attachment, and as
more fibers make contact with the recepios the fail plate of the
phage settles down onto the surface of the cell. Thus attachment
is generally a two-step event involving first a reversible step, fol-
lowed by inreversible binding. For each phage-host combination,
vations salt concentrations (in particalar calchum and magnesium
ions) govern the rate of aitachment, influencing the formation of
elecirestatic bonds between tail fibers and cell receptors, Bither
reduction or removal of these jons, or receptor mutations will
effectively prevent adsorption and subsequent phage multipli-
cation, After attachment the next step of phage replication follows:
© infection of the host.

First, corformational changes occur to the adsorbed tail base
plate and sheath, and the tail sheath contracts. The ceniral tube
of the phage tail then enters through the bacterial wall and DNA
is pushed out of the phage head, similar fo the action of 2 syringe,
and into the host cell. This constitutes infection of the cell, al-
though it can also ceouy by other means, such as attachment o
pili and transfer of DN A either through or along the pilus. Shortly
after introduction of phage DNA inio the bacteriuwm, synthesis of
host DNAand protein is suppressed. Two events govern the sub-
sequent synthesis of phage DNA: first, the degradation of host
DA into s nucleotide components occurs, providing building
blocks for viral DNA synthesis and preventing further host gene
exprassion. Second, modification of bacterial RNA polymerase
oocurs, with the result that i now recogrises viral promoters, thus
promoting the transcription of viral genes rather than host genes,
Viral DNA synthesis commences within 5 minutes of infection,
followed by synthesis of proteins responsible for phage structure,
assembly, and cell Iysis and phage release. It takes approximately
15 minutes for the first complete T4 particles to appear follow-
ing infection, and another 7 mimutes for cell lysis.

10,7122 The lytic versus lysogenic cycle Two modes of repli-
cation have been cbserved for bacteriophages: i) the lytic cydle,
where replicated DNA is packaged into phage heads and subse-
quently released from the bacterial host by cell lysis; such phages
{e.g. T4) ave described as virulent, and H) the fysogende cycle, where
phage DNA is incorporated into and replicated within the bacte-
rial genome; in this case phages are termed temperate, the best
characterized being the double-stranded DN A phage larnbda. Virw-
lent phages will typically lyse and destroy susceptible hosts (al-
hough some fillamentous phages are secreled without cell lysis),
while ternperate phages can adopt either mode. The cholee betwesn
the Iytic and lysogenic cycle depends on the relative expression
rates of phage repressor encoded by the ol gene (promoting lysog-
eny) and the oro protein, capable of turning off repressor gene ex-
pression and starting the lytic pathway® Following infection of
susceptible cells with Jambda phage, & very small proportion will
be lysed but the majority will survive to become lysogens. These
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infected cells continue 1o replicate as normal, creating a done of
cells containing phage DNA, The latent form of the phage genome
remaining in the host 13 termed the prophage, and its presence
prevents superinfection of the host with the same virus, Temper-
ate phages can be induced, i paxticudar by agents causing DNA
damage, suchas UV Hght or chernical mutagens, and once induced
will enter the lytic cycle, resulting in production of phage at the
expense of the bacterial host. Two classes of genes are involved in
Iysogeny and inductiony; those establishing the lysogenic state, and
those maintaining the prophage in a repressed siate within the
bacterial genome. Mutations in either group of genes will resultin
loss of lysopenic function, and depending on the dlass involved
mutants can either resort to lytic activity, lose the prophage com-
pletely, or be unable to release viable phage particles.®

10.7123 Hest Implications. The lysogenic relationship be.
tween host and phage can be mutually beneficial. The incorpe-
ration of phage DNA into the bacierial genome i3 considered a
survival tactic of the virus, and typically ocours uader adverse
congditions such as host nuirient deprivation or s high wmultiplie-
fiy of infection where the host cells are in danger of being com-
pletely destroyed, exposing phage to environmental hazards. One
of the most significant properties conferred to host bacteria fol-
lowing lysogenization by a temperate phage is that of toxin pro-
duction. Toxins including Shiga-like toxins in Escherichia coli,
botulinum toxins in Clostridium botulinym, enterotoxing in Saphy-
fococcus surens, diphtheria toxdn in Corynebreterivm diphtheriae, and
pyrogenic foxins in Streptococcus pyogenes have all been identified
as proteins produced as a result of “phage conversion” of the bac-
gerial host.® Another benefit of fysogenic infection has been re-
poried in the literature as a type of “suicide bombing” where s
small proportion of Bacilius subtilis cells infected with a phage
release virus, thus killing off any susceptible strains present and
giving the remaining bacterta (those which can safely harbor the
phage} a corupetitive edpe.?

Although # is mentioned above that phage infection can be
an advantage to the host, a proportion of the bacterial populs-
tion is going to be lysed as the virus tekes over the replicative
machinery of the cell and puts it to the task of manufacturing more
viral particles. This has been problematic in fermentation pre-
cesses, whene starter culture failures can occur as a result of bac
teriophage infection, and control is diffieult particularly whensa
iarge number of variable phages are continually infroduced into
the processing environment via xaw materials such as raw milk”®
and even from the starter cultures themselves. ™

10.713 Microbioiogical Applications of
Bacteriophages

10,7131 Bacterial typing. The use of characterized bactericpl
ages to type bacteria beyond the species and sexotype level is well
knowr, and perhaps the best recognized systen is the Intern@
tional Typing System for Listeriz monocytogenes defined in 1985
by Rocourt ¢f al. ™ developed following the successful applicd”
tion of phage typing to other bacteria such as Staphyloceca
aureus.? Identification of new bacteriophages has resulted ina?
optimized typing system,* as well as the development of alter
nate bacteriophage typing sets™ and a reversed phage typing
procedure®” Bacteriophage typing has also proven nseful as 8%
epidemiological tool in the study of food poisoning outbresls
associated with L. monocytogenes, Baciltus cereus,t Salmonella gnte
itidis, "% and E. coli O157:H7 3919 This allows the epidemiol>
gist to confirm the relationship between outbreak strains isolat®
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from infected patients and those cultured fr?m susp:ectefi food
samples. In addition, envimmnentati souroes of cemanufnatwn can
pe identified, thelr movement withix food processing plants
monitored, and persistent problems distinguished from sporadic
contaminanis.”

15,7132 Biological indicators. The most frequently used
phages as biological indicators axe those of the coliphage group.
Their use as indicators of water quality was proposed based on
their ocourrence in waters along with their bacterial hosts, with
pumbers of phage theoretically reflecting the numbers of host bac-
teria present. Several studies have utilized these phages instead
of the host sirains as an indication of fecal pollution, *'® and evi-
dence suggests that they are as good 35, or indeed better indica-
tors than bacterial systems currently in use. A coliphage-based
water assay is described in the Standard Methods for the Exami-
nation of Water and Wastewater,” and using E. coli strain C as the
host bacterium, five or more phages,/ 100 ml of water can be de-
tected within 4-6 hours. Problems have been encourdered with
naturally occurring coliphages in environmental waters, which
affect the correlation between phages and fecal pollution. How-
ever, viruses tend to survive better than coliforms in water, and
have been shown to extibit a higher resistance to cidorine. Their
application as indicators for coliforms in foods has seen limited
stucdy.®® Overall this method may be useful as an alternative to
E coli or coliform determinations, or as an indicator of enterovirus
survival ¥

107133 Cloning vectors. Exiensive genetic characterization
of certain bacteriophages has seen their extensive application ag
cloning vectors for amplification of DNA in E. coli. Indeed, ph-
age Lambda was the prototype vector kng before recombinant
molecules could be made i1 vitro. Lambda phage offers a num-
ber of attractive features for cloning: recombinant genomes can
be efficlently recovered in packaged phage heads, plaques pro-
vide a large amount of DNA for hybridization studies, and cloned
genes can be easily analyzed. Phage M13 has been particularly
useful in cases where single-stranded DNA is required, such as
in site-directed mutagenesis, while phage P offers a Jarge clon-
ing capacity of up to 100 kilobases. P1 has also been demonstrated
to have a wide host range, which could facilitate the tranafer of
DNA to bacteria other than E, coli?®

107134 Phage therapy. A prophetic aspect of the discovery
of bacteriophages was the suggestion by d’Herelle that bacte-
riophage could be used as a form of therapy for the treatments of
‘intestinal disturbances’, bacillary dysentery, staphylococcal in-
Fections, and bubonic plagne™ While this idea was viewed, cer-
fainly by d'Herelle himself, as perhaps the universal cure for all
bacterial infections, it was never explored to any great extent, and
indeed with the advent of antibiotics was all but discarded. How-
ever, with the increasing incidence of bacterial resistance to cer-
'ain antibiotics, bacteriophage therapy has been revisited in the
1 999&’. T398.118,332

While scientists such as Lederberg™ have been reluctant to
completely rule out the usefulness of phage therapy, a number
of pertinent questions remain unanswered in the wake of work
by Merril et al * to isolate and utilize long-circulating mutants of
Escherichia coli phage and Sulmonella typhimurium phage P22 An
identified alteration to the phage head protein was found to be
fesponsible for the matants’ success in avoiding slmination by
the reticuloendothelial system of test mice, one of the more im-
Portant problems to be addressed in phage therapy. Despite this
work, scepticisi remains for many reasons such as the potential
forbacteria to develop resistance to phages (a phenomenon which

.

i Repid Methods for Datection, ldentification, and Enumeration

may be slowed by the use of phage combinations) and a lack of
hard data despite claims that phage therapy has been successfuily
used in parts of Burope for many years,

10.7535 Bacterial detection. As a result of the usefuiness of
phages in the typing of bacteria, and as cloning vectors, their
ability to identify microorganisms to at least the genus level has
seen thelr increased application in techniques for the detection
of important food-associated bacteria. Ultimately, their specific-
ity dictates the success of any phage-based system, and thus iden-
tification of useful phages for species- or strain-specific detection
of bacteria is of the utmost importance. The next section of this
chapier will focus on the use of phages in a variety of molecular,
biochemical and physical methods applicable to the microbiologh
cal analysis of fovds, some of whick are in use, and their immi-
nent application in more recently developad technologies.

10.72 Bacteriophage-8ased Detection Methods
10.721 FPhage-Based Reporter Genes

187211 Jux-based bicluruinescence. The use of bacterial biche
minescence, in particular the application of fux genes, and aspects
of its molecular organization and regulation have been exten-
sively reviewed "SOSITIZIN and roaders are referred 1o these
publications for 4 comprehensive introduction. Briefly, bacterial
bioluminescence is « light-emiiting reaction involving the oxida-
tion of reduced flavin mononucleotide (FMINH, ) and a fong chain
aliphatic aldehyde, such a5 tetradecanal {ronsidered the natural
substrate of the reaction) or dodecanal, by molecular oxygen. The
reaction is catalysed by intraceltular huciferase according to the
following equation:
FMNE, + RCHO + O, PMIN + RCOOH + FLO + LIGHT

where light emission is in the form of a glow with an estimated
quantum yield (photons of light produced per molecule of sub-
strate) of 1.1.” Given that the production of FMNH, from flavin
mononucieotide is essential to the reaction, only lving cells ca-
pable of electron transport will be able to produce this blue-green
light {490nm emission), and bicluninescence s thas an excellent
means of establishing the metabolic status of an organism. Light
can be measured by instrumentation including haminometers,
scintiliation counters and sensitive photon counting irnagers such
as the BIQ Bioview Image Quantifier (Cambridge Inaging, Carmn-
bridge, (LK.} which is capable of detecting single bicluminescing
cells.® Naturally bicluminescent bacteria have been jsclated from
marine, freshwater and terrestrial environments, and the major-
ity belong to one of four genera: Vibrio, Alferomonas, Photobac-
ferium, or Xenorhabdus.” In symbictic relationships, bacterial bio-
huminescence is thought o serve 38 2 means of communication
for the host, but its purposs is less clear for free-living bacteria.”

A heterodimeric enzyme, bacterial luciferase is composed of
two subunits, (40kDa) and (36kDa), respectively encoded by the
fux/ and luxB genes. These genes are flanked by fux genes C, I,
and £, respectively coding for reductase, transferase, and syn-
thetase proteins responsible for the production of aldehydes from
fatty acids. These five genes compose the lux operon, transcribed
in the order luxCDABE, and these genes have been cloned and
sequenced for some lwminescent Vilirio, Fhotobacterium, and
Kenwrhabdus spp.” Other lux genes have since been identified in
V. fischeri, including a second operon consisting of regulatory
genes luxl and luxR located trmmediately upstream from the lux
operon. These genes code for an autoinducer and receptor re-
guired for activation and expression of huminescence, in conjunc-
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tion with another gene, G, encoding a reductase involved in
the production of FMNILY

Transfer of Jux genes has been approached from a number of
angles, depending on both the organisms tobe transformed, and
the application of the bichuninescent phenotype. Plasmids, con-
taining either the complete luxCDABE operon, luxdB luciferase
genes, or fused luxAR genes, have been constructed and employed
io transfer a bioluminescent phenotype to a desired bacterial re-
cipient.® The complete operon encodes substrate in addition to
tuciferase, thus providing a continuously luminescent organiam,
Tnnate subsirate production provides a non-destructive means of
real-time monitoring of luminescent bacteria in mixed culture and
within eukaryotic cells, but is only useful for gram-negative or-
gandsms capable of recognizing transcription and translation sig-
nals originating from biokurninescent bacteria. Additionally, con-
tinuous expression of substrate places energy constraints on the
cell, and is therefore not suitable for physiclogical studies.

Alternatively, only the genes for luciferase are requived if sub-
strate is asdded exogenously, and this does not significantly in-
fluence cell metabolism. Bacteria expressing luxAB are thersfore
non-huminescent before substrate is added, and this less compli-
cated procedure is favored for use with grame-positive bacteria
where a promoter also has to be engineered for expression. An-
ather option when working with gram-positive bacteria is the use
of luxAB fusions. A monomeric fusion product was reported {0
increase bichuminescence levels in Bacillus subtilis about 100 times
more than the use of unfused luxAP genes. Furthermore, this in-
creased Hght output was comparable to that obtained from a con-
ol E. coli strain demonstrating optimal bichuminescence levels.®
Transposon vectors have also been engineered to contain lux
genes without promoters, such that the genes are only expressed
when the transposon inserts into the bacterial chromosome be-
side a promoter region.® In addition, the source of luciferase genes
influences the temperature stability of the resulting enzyne, and
should be carefully considered based on the growth temperature
of the microorganisim of interest and the application of the bioha-
minescent phenctype. It is worth noting that fusion genes pro-
duce products with temperature optima 7-10°C lower than that
of the wild type.®

Such a variety of alternatives has resulted in the transforma-
tion of a number of both gram-negative and gram-positive bac-
teria, and these now bicluminescent microorganisms have most
commonly been used as reporters of, {or example, bacterial in-
jury and repair, biocide efficacy’™ regulation of gene expres-
Ston®WT and survival of pathogens such as Salmonells enferiti-
dis? and Fscherichia coli O157:HY in food processing &%

Bichuminescence-based detection methods for bacteria have
also been developed by the use of a third gene vector: bacterio-
phage engineered to carry lux genes within their genome. De-
pending on the host-specificity range of these phage vectors,
generic or specific detection of microorgardsms can be achieved
by bacterial expression of biolurinescence within 30-50 minutes
of infection and wwansduckon by hux* phage unable to express the
binluminescent phenotype themselves.” This approach tobacte-
rial detection, first describad by Ulitzer and Kuhn, W hasled to 2
rumber of microbiological applications, in particular the defec-
don of various focdborne and clinically important pathogens.

A near on-line method for detecting enteric bacteria using re-
combinant lux bacteriophage was subsequently proposed by
Kodikara etal™ Using a slaughterhouse processing pig carcasses
as o test environment, the authors reported the ability of recom-
binant lux* Enterobacteriaceae-specific phages to convert enteric
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bacteria sampled from carcasses, meat-contact factory surfaces,
and various abattoir areas into bichaninescent bacteria within one
hour of samypling, The Hmit of detection of this assay was axoundg
10? target cells per g or o, but was substantially improved by
the incorporation of a 4 hour erwichment in Luria broth at 37°C,
reducing the detection limit t less than 10 enterics per g or em?

with a requived total assay time of § hours. Despite these prom-

istng results and the apphcability of such a rapid detection sys-
tem in a Hazard Analysis Critical Control Points (HACCP) sys-
tem, industrial appHeation of such orvline analysis has not been
adopted.’™ Regardless, this research prompted significant re-
search activities in the area of bacterial detection, and aliernative
applications have been forthcoming.

In 1993, Turpin et al.¥ reported the development of 2 phiage-
based kaminescent most-probable-number (MPN) method for the
detection of Selmomella typhimurium, employing a cormmercially
available ko P22 Salmonells phage (Amersham International). A
15-tube MPN test protocol was established, with each 0f 0.1, 1,
and 10 mL volwmes of samples {(including soils, sewage sludge
and water) artificially inoculated with S, typhimurium pipetted
intto five tubes of sterile buffered peptone water. After overnight
enrichient, samples were tested by both the MPN method {in-
veulated inte Rappaport-Vassiliadis broth} and the lux-based
protocol where samples were inoculated into Luria broth contain-
ing 6.9 % 10% plague forming units (FFU} of lue-P22 phage. MPN
samples were incubated at 43°C overnight, streaked onto xylose
lysine desoxycholate and brilliant green agars after 24 and 48 hour
incubations, and presumptive colordes were binchemically con-
firmed using the AF] system of identification. fux samples were
ineubated for 90 minutes at 30°C and aldelyyde substrate was then
added. Subsequent luminescence was measured using a lurain-
ometer, with positive tubes producing relative light cutpuis 18
o 1000 times greater than negative samples. When compared
with the MPN method, the lux-based method had an efficiency
of 100% with no false positive or negative resulis, A S, typhimurium
detection Hmit of 10 colony forming wnits (CFU} per gram of soil
or per 100 mL of lake water was demonstrated in the presence of
large numbers of competing bacteria, thereby reducing the re-
quiremenis for selective enrichiment and decreasing the duration
of the protocol to less than 24 hours.

Three recombinant fux phages, containing either luxAB or the
entive hux operon, were later constructed by Chen and Griffiths®
10 expand the detection range to Salmonella isclates belonging o
diffexrent sexogroups. One hundred percent of the Salmonslli
sirains belonging to groups B and D, and selected group T iso-
lates tested were identified using a recombinant phage plaque
assay, while all of the 22 non-Salmonsliz isolates tested negative.
The optimum adsorption tirne and temperature for subsequent
phage infection and luminescence was determined to be 30 mir
utes at 42°C, producing detectable luminescence in less than op®
hour for Salmonella concentrations of 10° CFU/mL. Employing#
6 hour pre-incubation step, as few as 10 CPU/mL of Sajmonelit
could be reliably detected, which was reported to agree well with
previous estimates using a similar detection system. The metiod
was then evaluated in a food system by direcly inceulating &
enferitidis into the white of eggs followed by recombinant phag®
addition. After a 16 hour incubation period, lurninescence Wa9
detected in eggs noculsted at an irdtial level of about 10° CFY
but lower concentrations of 100 and 18 CFU of §. enteritidis p¥
egg went undetected. However, increasing the incubation peric
to 24 hours resulted in fuminescence detection at all levels, Wit
the opportunity to observe the internal location of fyminescet
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orgamisms by C(D izr:gging ;of the kaole egg. Af%ci}ticmal pfot&

s using both i} E. coli Pef:mﬁim and X-ray autoradiography, and
o squid media and huminometry were evaluated and demon-
;‘?{;tﬁd to be useful alternatives to the original methodology, of-
fering a less expensive means of light detection and a more por-
tﬁble assay §y5tem'l. ‘ ‘ )

Simiterly, Loessner ¢t al.® zeported the construction and use
of & lux® reporter bacteriophage, baged on the specxfmty.caf List-
erin phage ABIL fo; about 95% of Listeria mem;ytagenes isolates
belonging to serogroups 1/2 and 4. A V. harveyii luxAB gene fu-
sion was inserted just dawnstr‘eam}‘ of the strong promoter for the
mejor capsid protein gene ¢ps. Using the recombinant phage
AS1iniuxAB, as few as 300 CPU/ml of tested isolates could be
detected after phage infection and a two hour incubation at 20°C.
To increase the sensitivity even further, Listeria selective enrich-
ment broth wag utilized to envich artificially contaminated lettuce
samples over a 16 hour period at 30°C before phage-based test-
ing. The sensitivity of detection was subsequently increased to
Jess than one cell of L. monecytogenes Scott A per gram of salad,
with a fotal Hime investinent of 22-24 hours. While the bacterio-
phage used was reported to be highly specific for certain L. mono-
cytogenes SeTogroups, it has a very broad host range with demon-
strable activity against L. ivanovti and L. szeligeri isclates.
Therefore, this particalar phage will only gain application as a
generic detection method for Listerig spp., assuming that itis also
capable of infecting other species within the genus such as L.
innocus, which has been proposed as 2 useful indicator for the
presence of L. mongcyiogenes.

The detection of L. monorytogenes Scott A in various artificially
contaminated foods by the above method was further examined
by Loessner’s research group® and a MPN-based method was
also evaluated. The method was shown to reliably detect L.
menocytogenes af a level of 100 CFU/g or less in all tested foods
following a 20 hour selective incubation, with even lower detec-
tion limits for Hverwurst, sheimp, pasteurized milk, cotiage cheese,
ricotta cheese, chocolate pudding, and cabbage. Detection of lower
fevels of target cells was improved for minced meat, liverwurst,
shredded Swiss cheese, and cabbage samples following an in-
crease in enrichment time {0 44 hours, although detection sensi-
tivity never improved beyond 10 CFU/g for minced meat and
Camembert, likely due io interference by a large microbial back-
ground flora, Naturally bioluminescent bacteria were also respor-
sible for norespecific light emission by a shrimp sample, but this
was easily identified due to light exdssion by a negative sample
not containing fux phage. Naturally contarminated food samples
wern also tested, with 57 determined to be Listerip-positive by se-
lective plating, and 55 positive by the lux phage method. Differ-
nces were observed in the number of positive results each method
identified, with the phage-based method identifying more posi-
tive dairy products and dairy plant environmental isolates, while
the plating method identified 20% more positive poultry samples,
Failure to isclate Listeria cells by plating was proposed to be re-
lated to sensitivity of some strains to selective agents used in
Oxford agar, while failure to detect poultry isclates by phage-
Mediated luminescence was due to fhe fact that phage AB11:luxAB
was determined not fo infect those isolates.

A modified Iyx-MPN method was developed and evaluated,
using Listeria selective broth as the growth medham ina 3 3 tube
Method, with artificlally contaminated samples of minced meat,
Shfinlp, ricotta cheese, and cabbage® Samples were removed
from positive tubes after 20 and 44 hours of enrichmment at 30°C,
and tested using the lux* phage method. Numbers calculated from

o,
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the laminescent MPN method agreed well with the levels of L.
monacytogenes Seott A initlally inoculated into food samples fol-
lowing both 20 and 44 hour enrichment, with only minced meat
samples showing slightly higher counts after 44 hours, demon-
strating the rapidity and reliability of suchan assay. Purthermore,
it was demonstrated to be easily modifiable to a microtitre plate
format, enabling a large number of samples to be processed si-
multaneously,

10.7212 Tuc-based bioluminescence. The natural bickumines-
cexiee of the North Amevican firefly Photinus pyralis has been simi-
larly exploited in bacterial systems, following the successful
¢DNA-~cloning and expression of the Juc gene, encoding a single
pulypeptide, 62 kDa luciferase, in E. coli® The production of light
by this means relies on the interaction of ATP, present in all lv-
ing cells 35 an energy transfer molecule, with substrate, hetero-
cyclic carboxylic acid huciferin, in the presence of molecular oxy-
gen and magnesium, and is catalysed by the firefly Juciferase
enzyme according fo the following equations:

Luciferase + luciferin + ATP huciferase-tuciferyl-AMP + PF {Eq. 1)

Luciferase~tuciferyl-AMP + O, luciferase + oxyiuciferin +

AMP +CO, + light (Bq. 2)

This reaction results in the highly efficient production of Bght,
in the form of 2 flash, with an estimated gquantum yield of 0.88,
substantially more efficient than that generated by bacterial lu-
ciferase.* The luciferase of B pyralis emits yellow-green light with
peak emission at 560 nm, but other firefly and insect species (in-
cluding click beetles) have been shown to emit different colors of
light, ranging from green (547 nm) to red (604 nan). '@ This reporter
systexn is particularly attractive for use with bacteria because they
are not capable of natural luc-encoded humninescence, and there-
fore will not interfere with detection of luc-tansformed bacteria,
Any natural biclhiminescence will be of Tux origin, and can be
differentiated from Juc by their differing wavelengths of light
emission. Given that ondy one gene is involved in encoding in-
sect Juciferases, they also offer the advantage over lux genes of
being somewhat simpler £6 work with. lic-encoded biolumines-
cence can be measured by the same instrumentation used for furt
detection, or a customized apparatus such as the system reported
by Gailey et al.® who developed an imaging systern based on a
single-photon counting photomultiplier tube, This systemn is ca-
pable of real-time monitoring of luciferase gene expression in
cancer cells but at a substantially reduced cost.

There have, however, been problems associated with the use
of firefly huciferase relating o its pH and temperature stabilities,
sensitivity to proteolysis, and the rapid decay of Hght output
during the bioluminescence reaction, Given that different species
of insects can produce different light emissions while sharing &
comunon subsirate, differences have been attributed to nEyme
structure.™® This, along with the recent publication of the struc-
e of firefly luciferase, has been the impetus for genetic manipu-
lation studies of the structure-function relationship in an attempt
to create enzyme derivatives with improved light emission, and
more applicable pH and thermal stabilities. For example, substi-
tution of the amino acid serine at position 286 in the firefly fu-
ciferase sequence by either leucine, valine, glutamine, tyrosine,
lysine or phenylalanine resulis in a shift in the luciferase emis.
sion spectrum producing red-orange light as op posed fo the wild-
type yellow-green ¥ Additionally, amine acid substitutions can
decrease or improve thermal stability, as demonstrated by White
et al.™ who generated a series of mutant enzymes by replacing
glutamate at position 354 with all other possible amino acid resi-
dues. With the exception of glycine, proline and aspartate, any
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argino acid replacing the ghdamate residue produced an enzyme
with enhanced thermostability as compared to the wild-type fire-
fly luciferase. The flash kinetics of the reaction, caused by the
interaction of luciferase and oxyluciferin, have been addressed
t0 some degree by the use of chernicals such as coenzyme A, re-
ported to prolong the half-life of light to ten minntes, Another
system of reagents, known as Luclite™, hasbeen developed and
it has been estimated to improve the half-life of light cutput to
over § hours, with the production of a glow-type light signal™®
in addition, Thompson et &l reporied that a single serine to
threonine substitution at position 198 resulted in an enzyme with
a 150-fold increase in half-time for light emission decay, as well
as a higher pH optimum.

The permutations are ruamerous, and offer an approach which
will be able to produce enzymes with more desirable properties
for a particular application, along with the simultaneous differ-
entiation of bacteria based on the emission spectra of the luc genes
used. The use of dual bio- and chemi-luminescence reporter genes
for huciferase and B-galactosidase has also been reported,” and
current advances in characterisation of luciferases from other
species of insects™® will no doubt advanee the application of
fue-based bivluminescence even further.

Aswith the hix genes, the firefly lue gene has been enginesred
into both plasmid and bacteriophage delivery vectors, facilitat-
ing gene doning of many eukaryotic and prokaryotic cells, includ-
ing E. coli Q157179 and Staphylococcus aureus.™

18.7213 Ice nucleationactvity, lcenucleation, ie., formation
of ice raxclel in pure water supercocted below its freezing point,
by bacteria was first reported in 1973 by Schnell and Vali, and this
frost damage phenomenon was subsequently demonstrated tobe
caused by the plant pathogen Pseudomonas syringae. Since then, a
number of strains of P syringas as well as sirains of Xanthowonas
campesiris, Erwinig ananss, E. herbicola, F. fluovescens and P, vividi-
flava have been identified as ice nucleation active {INA) bacteria.®
Bacterial ice nucleation has been shown fo occur at threshold tem-
peratures ranging from -2 to -10°C, higher than those associated
with the ice racleation activity of lichens, freeze-tolerant apyphib-
ians and insects™ and these threshold values have been used to
further classify bacterial ice nuclei indo three groups.'®

Although itis not known what advaniage this phenotype con-
veys to INA gram-negative bacteris, a single chromosomally-
encoded gene has been determined to be responsible for ice nucle-
ation activity, and a variety have already been sequenced,
inchuding insA (E. ananas), iceE (B, herbicole), inald (E. wredovora),
naW (P fluorescens), inaX (X. compestris pathovay franshicens) and
inaZ (P, syringue), ranging in size from 3.4kb to 7.5kb.7 Recently,
a new ioe nucleation gene, inaV, of about 3.5kb in size was iso-
iated from P syringae.™ This gene encodes a 1200 arnine acid resi-
due profein, InaV, and shaves 92.4% homology with ineZ. Based
on 77% sequence conservation of their protein products,® it is
. thought that these individual ins genes from different bacteria
evolved from a cominon gene. Also, thelr action seems to be host
independent in nature, since antibodies raised agaiust the inaW
protein of P fluorescens will recognize and react with the inall pro-
tein of 2 syringas expressed in E. coli.® Ina proteins are located in
the outer membrane of bacterial cells, and have a functional re-
guiremnent for lpids ™ It has been proposed that ina proteins act
as templates for ice formation, and that differing aggregation of
these proteius dictates variations in theeshold temperatures.’™

Ice nucleation genes cloned into Escherichia coli have been
shown to convey ice nucleating properties to their host,™ and this
has led te the application of bactexial ice nucleation in a variety

. the commonest Salmonella sexotypes isolated in the UG, and 2"

of ways, ranging from freezing processes in the food industry%
artificial snow production,™ a reporter for gene expression in
moderately halophilic bacteria® and promoter analysis in Zymo.
monas mobilis Mo a reporter for the detection of bacteria such ay
Salmonells spp. in food . It has been estimated that the use of ing
gene fusions for the detection of gene expression is 100- to 1000
fold more sensitive than the lux detection system.® With a low
rumber of proteins (304 or less} required for ice nucleation
occar, such activity could be a useful proposition for the detec-
tion of injured cells still capable of minimal cellular activity.

By cloning an ice nucleation gene into a delivery vector such
as a bacteriophage, which cannot express the INA phenotype on
its own, this phage can be used to transduce susceptible cells. An
INA phenotype can thus be passed on 1o Infected vells, with ice
nuclei synthesized within 15 minutes of ing gene transcription,
This principle was employed to develop a sensitive and rapid
method for the detection of Salmumells spp., known as the BIND™
{Racterial lee Nudleation Diagnostic) assay, marketed by IDEXX
Laboratories, Inc., located in Westbrook, Maine, USA. This test
employs a proprietary phage mixture, engineered to contain i
genes, to detect ice nucleation in susceptible Salmonella cells.
Phage and samples being tested for the presence of Selmonells are
mixed in the presence of a freezing-indicator dye, carboxy-
fluorescein, and incubated at 37°C to allow phage atiachment and
tramsduction of susceptible bacteria. Samples are then incubated
at 23°C to optixaize expression of the ice nucleation protein and
formation of ice nuclel. Iee nucleation activity is subsequently
detected by chilling treated samples and controls to a tempera-
ture of ~8.5°C. Freezing of cells is indicated by an orange, non
fluorescent appesrance, while negative samples appear fluores-
cent green. The level of bacterial contamination can be caleulated,
baged on the concentration of ice nuclel determined by the drop-
let freezing assay.'®

The performance of the BIND™ prototype assay in foods such
as milk, meat, gelatin and eggs was most encouraging, with litte
orno interference from the food samples themselves ox from
background jee nuclel. In an optimized prototype assay using an
ing-transduced phage constructed from P22 {with a similar host
specificity to the patent phage), 2 sensitivity of 10 cells per mLor
less was obtained In test samples containing either 5. enteritidls,
S, typhimurium, S, dublin, 5. paratyphi B, or 8. gallingrium. & sind-
tar detection it was achieved for 5. Dublin in the presence of
high numbers of non-Salmonells bacteria. The test is also capable
of detecting sublethally injured cells which are still able to pro-
duce fce naclel. Any enrichment step can thus be relatively shor
enhancing the rapidity of the method, which, at around twohours
for a positive result is a considerable time saver as compared {0
other detection methods for Salmovells spp’®

Information regarding the BIND™ assay and the agreement
of assay-positive isolates with idedtification by the API 20B bie-
chemical system was presented in 1995 by Wolber at the 85% ger
eral meeting of the ASM. Ten food matrices were spiked at low
{30 1o 50 cells/25g) and high (107 to 10° cells/g) levels with 20 of

ter a non-selective pre-envichunent using buffered peptone W&
ter, samples ware tested for ice nucleation ability. Positive isols®™
were then identified by the AP 20K systemn, and agreed 300% with
the results obtained by the BIND™ assay. »

More recent information from JDEXX regarding the BIND™
assay claims an assay sensitivity of one viable Salmonelle cell P&
25g of sample, {ollowing a single overnight envichment stef
Handling time for the assay is estimated at less than one rsi
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le, and including envichiment, results are obtained within
7 SRINPRE, . AR

27 hours. The fest can now ?diztect 50C different Salmonells spp.
without producing false-positive re%ults,* )

16,7214 Green Fluorescent Protein, Another reporter aystem
of tracking gene expression and protein Iccali_zab?n in 2 variety
of prganisms az}ci Seils'ls the green ﬂunms:em protein (Qh’}_, naf-
rally cconrring in the bxglurrmess;ez‘.t 3eii§rﬁshAequarm mmmGFP
s activated in A vicloria by the absorp?@mn of jbiw? chemalumme&
cence generated from the calchum binding activation of photopro-
tein aequorin, and pr@duce_ss a stable, strong green ﬂuarescm:ace,zs
It has been proposed that GFP evolved as a means of amplifying
the relatively low levels of chemiluminescence produced by
photoproteins into higher intensity fluorescence with no extra
enerzy expenditure on the part of the cell” The 27-kDa GFF, en-
coded by the gfp gene, is 238 amino acid residues in size and ab-
sorbs light at 385nm (with 2 smaller peak at 475nm). The forma-
tion of GFP is favored by lower ternperatires (~22°C) and takes
about four hours in E. cofi.® Once GFP is formed, it is stable at tem-
peratures up to 65°C, at alkaline pH, and is resistant to proteases.
Hs crystal structare has been determined to consistof 11 beta-sheets
forming a barrel-like arvangement around a cenival alpha-helix
containing the fluorescence center” Iis activity requires the pres-
ence of oxygen, but does not need additional genes, co-factors or
substrates for fluorescence to oocur, This allows for the detection
of sub-lethally tnjured cells, making it an aftractive alternative to
the use of substrate-dependent marker systems such as huy and hee,

Research interest in GFP soared following the demonstration
by Chalfieetal ™ that the gfp gene engineered into a plasmid vec-
tor could produce fluorescence in both E. coff and eukaryotic cells
when the iansformed cells were excited by near-ULY, or blue
light. Additionally, the gfp gene can be fused fo genes of inderest
in living cells without interfering with cell function and growth,
although it has been suggested that the functonality of some
fusion proteins may be affected by the size of the GFP tag.® This
makes it a potentially useful marker systerm in the study of, for
example, bacterial biofilm formation. Such breakthroughs, to-
gether with the availability of fluorescence detection methods
such as flow cytometry, epifluorescent microscopy, spectro-
fluorimetry, and confocal laser microscopy, have led to the appli-
cation of GFP technology in & number of research areas.

In a special issue of the journal Gene, dedicated to GFE, some
bacterial applications were reported. For example, host-pathogen
interactions following infection of live mammalian cells with ei-
ther Salmonella typhimurium, Yersinia pseudotuberculosis, or Myco-
backerium marinum, were monitored by bacterial expression of the
GFP phenotype.™ Bacterial smovement through environmental
materials such as quartz sand could be tracked by fluorescence?
and plaspid transfer was studied using GFP as a marker of ge-
vetic fransfer between bacterial cells.™ Recent publications have
focused on GFP as a successful marker system for evaluating
Movement™ and survival of genetically engineered microorgan-
isms in the environment,” the survival of E.coli O157:H7 in or-
ange juice and apple cider® and detection of individual B
feruginosa cells in a mixed biofiln population.®

Despite the obvious attractiveness of Ss marker system, ithas
¥et o be reported as a bacteriophage-based detection method.
Promising results have been published reporting the use of virus-
based gfy vectors such as potate virus X,* tobacco mosaic virus ®
d retroviruses,” and it is anticipated that bacteriophage-
mediated delivery of GFP will be available in the near future. In-
tvitably, problems associated with this new technology have
arisen, which have in part already been addressed by research-

.,
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ers. One of the most crucial aspects is the flucrescence intensity
of the protein, and efforts have beert made to mprove fuores-
cence by single point mutations targeting primarily the serines5-
tyrosinebb-glycine6? chromophore. Replacement of Serés with
alanine, valine, leucine, cysteing, and thrsonine residues resulted
in loss of the 385nm excitation ennission peak, and moved the
more photostable 475nm peak slightly towards a longer wave-
length, producing spectra similar to that of the sea pansy Renilla
GFP. When Ser65 was replaced by threonine, a six-fold increase
inbrighiness of GFP was observed as compared to wild-type GFB
with decreased photobleaching™ Cormack et al® reported the
generation of GFP variands, by random amine acid substitution,
which when expressed in F. col, showed a 100-fold increase in
fluorescence intensity, atiributed 1o shifts in exvitation maxima
and more efficient protein folding than that of wild-type GFP.

The color emission of GFP has also been studied, and it was
demonstrated that replacemnent of Tyré§ and Tyri45 with histi-
dine and phenylalanine, respectively, produced isoforms emitiing
blue instead of green light ™ A red-shifted variaxt, RSGFPY, has
also been created by mutagenesis,” and similarly, photoactiva-
tion of GFP in low oxygen environments produced red instead
of green fluorescence.”” This provides exciting advantages o the
use of GFP and its variants in simultaneous detection of cells
expressing different flucrescence axnissions as demonsirated by
Yang et al.,** who used dual colour microscopy (o visualize cells
expressing red and green fluorescence. While the use of GFP has
been praised due to the absence of interfering background fluo-
rescence, care should be taken in the application of its variants,
as reporied by Lewis and Borington.” These researchers found
that a blue gfpy variant was not useful in the study of sporulation
of Bacillus sublilis, due to the innate fluorescence of the spore-
former in the blue portion of the spectram.

Little information is currently available regarding the detec-
tion limits of GFP, While it has been estimated as being 10 bacte-
tal cells using a dertvative Tn5GEPL transposon vector® and as
low as 1 CFUJ/ml using a commerncial cDNA vector® the use of
asirong promoter and modified gfp genes'™ should improve sen-
sitivity greatly.

10.722 Phage-Based ATP Bioluminescance

The use of ATP {adenosine-5'-triphosphate} bichuminescence 35
a rapid method for the detection of bacterial biomass and its
applications in food microbiology, hygiene monitoring and
HACCP programs have been extensively reviewed %4728 The
ATY bickaninescence reaction has already been discussed with
regard 1o lic-encoded bichuminescence and readers are directed
to this section for details of the reaction. Protocols for the analy-
sis of food samples typically include pumary chemdcal treatments,
filtration and washing steps to remove background ard /or nen-
microbial ATE. Bacterial cells are concentrated on the filter and
are then chemically lysed o release microbial ATP which can be
quantified by the addition of the luciferin-luciferase complex. This
assay can be performed either in iquid form using a lnminometer,
or by direct application of ATP extractants and haminescent e
agents onto filters, followed by image processing. ' Light output,
quantified in terms of relative light units, can thus be used to
estimate biomass® based on the generally accepted fact that the
ATP content of each bacterial cell is reasonably constant. Alter-
natively, in hyglene monitoring, both microbial ATP and ATP
present in food debris are of relevance and thus a total ATP esti-
mate is desirable to evaluate hygiene levels relating to nuicrobial
contamination and overall cleanliness,
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While ATP bioluminescence has been widely accepted as a
rapid and converdent method for the analysis of overall bacte-
rial load, the lack of specificity of the procedure is 2 major draw-
back inits application to many areas of food microbiology. Chepnd-
cal extraction of microbial ATP is inherently non-specific, and
while measurement of total ATF levels has been shown to be suf-
ficient for the purposes of gquality assessment of food products
and factory hygiene? the detection of specific groups of microor-
gandsms in mixed cultures, for example, foodbome pathogens,
starter cultures, and spoilage bacteria, has been impossible to
achieve. Two approaches have been studied in an attempt to
improve the specificity of the ATP biclumihescence reaction, both
of which exploit the specificity of Iytic bacteriophages. These
breakthroughs could make ATP bicluminescence a more complete
tool for the microbiological analysis of foods.

18,7221 Lytic phages. The first approach has focused on the
replacernent of chendcal extractants with bacteriophages capable
of specifically lysing groups of microorganisms. Very simply, the
lysis of bacterial cells by phage will result in release of intraceliu-
lar ATP which can be detected by bioluminescence. A sample
containing added bacteriophage and bacterial cells susceptible to
phage infection will show an increased amount of ATP in the
systert, as compared to a condrol sample containing no phage.
This approach was first published in 1995 by Sanders,™ who
reported the use of a bacteriophage for the specific detection of
Listeria monocyfogenes even in the presence of the closely related
species Listeria innocua. Ina broth systers, the presence of L. mono-
cytogenss ATCC 23074 was confirmed within 80 minutes of addi-
ion of bacteriophage ATCC 23074-B1, when the light output was
atits maxiwnun, This method was also capable of detecting 10
CFU /g of L. monocyfogenes in artificially contaminated lettuce
within 15 hours, incorporating a selective enrichment step.

Despite the specificity of the assay, the lack of sensitivity has
become an overriding concern. The bicluminescence assay itself
has a detection limit of around 18810 bactertal cells, and is un-
reliable for cell numbers below this level. For the phage assay.
evern in pure culture, at jeast 10°-10° cells are required to produce
a detectable increase in ATF ag compared with a controlin which
no phage lysis has occurred. For optimurm results an even higher
oell count is required. As an alternative to pre-enrichment tech-
niques, suggestions to nprove sensitivity have focused on i) the
use of adenylate kinase (AK) and excess amounts of ADF as a
means of driving the equilibrinm of AMF, ADP and ATP towards
the anabolism of ATE and i} recycling of ATP by the use of
spacific substrate-enzyme mixtures to effectively increase the net
praduction of ATE® The AK assay, employing lytc phage to re-
lease intracellular AK, currently has a detecton Bmit of less than
10 cells /ml for both E. coli and 5. newport. Resulls were achiev-
able in less than one hour for E. coli while the Salmonells assay
took up to two hours.” The ATP recycling method was demon-
strated to improve the sensitivity of the standard ATP assay from
550nM to 250pM ATP* However, this was achieved using pure
ATP standards and not by ATP extraction from microorganisms,
as the publication title suggests.

16.7222 Bacteriolysins, Asecond approach toimproving the
ATP bicluminescence assay has also exploited the activity of Iytic
bacteriophages, more specifically the endolysins they produced
as late gene producis during phage replication. Endolysins have
been demonstrated to facilitate the release of progeny phage from
the bacterial cell; this is known as lysis from within”*® These
tysins fall into one of at least four categories of enzymes: lyso-
zymes (a5 s the case with phage T4), transglycosylases, endopep-

tidases, and amidases, The enzymes gain access to the peptidogly.
can layer by the formation of norv-specific membrane lesions or
holes, produced by a group of membrane proteins known ag
holins.¥¥

The genes responsible for endolysin production have beer
isolated and cloned for a mumber of phages,'™ and subsequent
information gained from characterization of these Ivtic enzymes
has led the way towards more applied uses for phage endolysing,
More recently, Loessner ot al¥ reported the use of 2 recombinan
phage L-alanoyl-D-ghitamate peptidase endolysin plyll8 of 1,
monocytogenes, everexpressed in E. coli to very high levels, as an
efficient means of gently releasing DNA, RNA and proteins from
Listeria cells, This procedure was subsequently modified to incor-
porate a 12 aming acd purification tag without adversely affeni-
ing the lytic activity of the protein, and enabled the produciion
of bysins purified to more than 30% hemogeneity® This endolysin
was shown to be specific for Listeria cells, but did not lyse other
gram-positive and gram-negative bacteria. It thus provides an
efficient and rapid means of bysing specific cells, Analysis of gene
sequences upstreain of endolysin genes plyl8 and piy500 re.
vealed highly conserved holin (#ed) genes, which the endolysing
require for transportation across the cell membrane

The continued characterization of phage lytic enzymes™s®
will greatly enhance our knowledge of the molecular aciion of
such enzymes, but as well, will increase their applicability in other
areas of microbiclogy. For example, such recombinant tysins are
currenily being evaluated as ATF extractants for use in bichumi-
nescence assays,* inwhich intact target cells could be selectively
lysed and rapidly detected by firefly luciferase. In addition, they
offer the potential of being used as anfimicrobtial agents to elimi-
nate pathogens in the food industry and in medical spplications.

3
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10.723 Phage-Based Fluorescence

10,7231 Labeling of inkracellular phage nucleic acid. Fluores
cent stains have been reported as a useful accessory to the use of
phage probes, as a means of labeling phage nucleie acid within
infected cells. Sanders ef al ™ reported the use of two fuorescent
dyes, chromomycin A3 (CA3) and Hoechst 33258 (F133258), to
bind and label respectively G-C- and A-T-rich regions of phage
T4 DNA present inside irdected E. colf cells. Following infection
of E. coli ATCC 11303 with phage T4, samples were placed onice
10 interrupt viral replcation, washed and ethanol-fixed in preps-
ration for fluorescence staining,. Cells were then analyzed by duak
laser flow cytometry, and within 35 minutes of phage infection,
T4-infected cells could be differentiated from unirfected cells
based on fluorescent detection of phage DNA. While this tedv
nique was developed to study viral DNA within the infected
bacterial host, it has alse provided an excelient means of flucres
cent labeling of bacterial cells infected by phage. Thus it could b
used in conjunction with phages of known host specificity a8
detection method for particudar groups of microorganisms.
10,7232 Labeling of virus-packaged nucleic acid, Fluors
cent labeling of nudeic acid packaged within the virus head e
also been used fo directly count viruses in samples from freshr _
water and marine environments using epifiuorescence wico¥
copy-* This labeling technigue was employed to create diffee™
tial phage probes using flucrescent stains with different exciati?l
wavelengths for the identification and enumeration of spec® i
groups of marine bacteria.” More recently; labeling of phage ?; "
has been adapted to enable fluorescent detection of E. ool 015 ﬁ
in ground beef, in conjunction with immunomagnetic sepi“'amf
and flow cylometry® Prior to sampling, phage DINA was fluo®
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escently Iabeled with the benzoxazolium-4-quinolinium flugres»
cent dye YOYO. Ground beef and mitk samples were arﬁfi:::xaﬂy
imwlated with low levels of E. coli Q157 H7 amf{ pre-enriched
i non-selective media for 6 hours. Target bacteria were subse-
quently removed from the food matrices by Immunomagnetic
separation with E. coli O157:H7 Dynabeads, and the fluorescent
phage preparation was then used to label the recovered cells.
g‘:ig,ing both confocal laser scarming and epifiuorescent microscopy
rechniques, in addition to a more avtomated flow cytometric
method, taxget E. coli 0157:H7 cells were counted based on thelr
fiuorescence. The detection Jisnits achieved were approximately
97 CRU/ g in ground beef and 10° CFU/ml in milk. The potene
Hal applicaﬁon of this method for detection of other food-bome
pathogens is enormous, given the large number of fluorescent
stains commercially available for phage labeling and the adapt-
ahility of magnetic separation techniques for the detection of a
wide variety of bacteria™

10.724 Metabolic Inhibition Assays

Arnumber of methodologies, including electrical impedance, tur-
bidimetry and colorimetry, that rely on metabolic activity and
microbial growth as a means of investigating microbial popula-
Hons are available, Stmilar to culiural methods, tolal counts of
microorganisms can be determined by using norvselective me-
dia, while specific detection of microorganisms has involved the
development and use of suitable differential or selective culture
media. By incorporation of pH indicators, fermentable carbohy~
drates, organic acids and alcohols, or other inhibitors such as
antibiotics, preferential growth conditions for the microorganism
of interest are provided at the expense of the background micro-
bial flora. Such technologies have found many applications in
food microbiology, particularly with advancementin the automa
tion of such systems.'® They are particularly promising for the
study and application of bacteriophages, where metabolically
active bacterial cells ave required for viral replication.!”

10.7241 Electrical impedance. Of the metabolic methods to
be considered in this section, slectrical impedance, though more
complicated in theory, has been the most widely studied and
developed in terms of its mderobivlogical applications. Detection
by impedance is based on changes to the growth medium asso-
ciated with the increase in biomass of metabolcally active micro-
erganisms. The componenis of growth media, such as proteins,
carbohydrates and lipids, are uncharged or weakly charged sub-
strates, but as microorganisms metabolize these compounds, they
are converted into more highly charged molecules such as amino
acids, lactate, and acetate. These metabolic products increase the
conductivity of the medium. Howevey, this increase is small,
therefore requiring a microbial level of at Jeast 109 cells/mL to be
reached before significant changes can be detected. The period
between initiation of the fest and detection is known as the de-
tection time (I3.T.), the value of which is inversely proportional
to the nunber of cells initially present in the test sample.

A large numnber of reports regarding the electrical detection
of specific microorganisms have been published, particularly
since the introduction of automated systems such as the Vitek
Bactometer® Microbial Monitoring System and the Malthus Mi-
Crobial Growth Analyzer. There are a mumber of differences be-
tween the two systems, but the most pertinent is their electrical
signal measuremext. The Malthus Analyzer measures only con-
dSuctance, while the Vitek system offers more fexibility by mea-
suring either conductance, capacitance, or total impedance. Ap-
Plications utilizing these systems have focused primarily on
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microbial emumeration, detection of contaminants®” and patho-
gens, particularly Enterobacteriacese?®@#219N and Listeris
spp. S0 shelf-life studies, ™™ sterility testing of UHT prod-
ucts,'® and detection of bacteriophages implicated in chieese
starter cubiure failures %

Despite its many uses, the direct impedance technique has
disacvantages, the most crucial being that it does not operate
under high salt concentrations found in some growth media, and
this has prompted the development of alternative methods. An
indirect approach, whete metabolic production of CG, is consid-
ered as an indicator of microbial growth rather than biomass,
prompted the development of the RABIT {Section 10.6) auta-
mated bacterial impedance techinigue.

10,7242 Turbidimetry, Tirbidimetry is a relatively simple
means of estimating bacterial generation times. The use of tur-
bidity measurements fakes advantage of the increase in optical
density of sterile microbiological growih media associated with
growth of inocwated bacterta, Although this method is used o
estimate the rate of growth of microorganisms, generated opti-
cal density data can also be used fo estimate cell populations when
compared to total plate counts. The automation of optical den-
sity readers has been particularly useful in increasing the nume-
ber of samples capable of being analyzed at one time, and com-
puter interfacing has provided an easier means of graphing and
analyzing generated growth curves. One particular automated
system, the Bioscreen C microbiology plate reader (Labsystems,
Helsinki, Finland), has provided food microbiclogists with a use-
fal tool for the evalustion of turbidity as a means of estimating
bacterial leveds in food samples. Capable of incubating up t0 200
samples at various temperatures, the Bioscreen C can be pro-
grammed to read the optical density of each sample well a par-
ticular number of times over a defined incubation period. In the
case of food samples, dilutions are often required o reduce the
background turbidity to a minimuimn, and the resulting growth
curves can be analyzed using a nmumber of parameters appropri-
ate to the application. These include the time taken for optical
dexsity to increase by a defined amount, maximum optical den-
sity, slope of the logarithinic growth phase, or turping point time
{the middle of the logarithmic phase).

The Bioscreen C has been used by researchers to, for example,
predict colony forming units in raw milk® and ether foods,” and
assess the effects of antimicrobials such as bacleriocing'™ on bae-
terial growth. In addition it has proved very useful in the devel-
opment of data for predictive modeling,™ and most recently has
been used o investigate recovery of single heatdnjured Salmonells
cells by measuring the lag phase of cells pre-enriched in non-
selective media,”* To date bacteriophage-based turbidimetric
miethods for the detection of foodborne pathogens have not been
reported.

10.7243 Colorimetry. The suitability of color changes to in-
dicate the status of biochemical reactions is evident by their
extensive applcation in numerous methodoiogies used in micro-
bislogy, such as differential and selective culture media, biochemd-
cal tests for identification of isolates, and enzyme-linked immumno-
sorbent assays (BLISA). This approach has also been used in the
development of media for both electrical impedance, where the
incorporation of a color change is typically used in conjunciion
with detection times and curve characteristics 1o confirm a par-
tieular microorganism, and colorimetric assays, where the color
of growth media condaining p indicators is monitored over time
for changes corresponding to, for example, fermentation of car-
bohydrates. This has been applied particularly in dairy microbt-
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ology where colorimetric tests have been successfully developed
to evaluate the presence of antibiotics, coliforms, pathogens or
psychrotrophs, eneyine activity, stale flavor development, lactic
culture activity, and shelf life of dairy products. Instrumentation
includes the the Omndspec®™ 4000 bivactivity monttor™ and the
versatile LabSMART™ color scanner and software package,™
Both instruments operate on the basis of reflectance color read-
ings, which elirninates any problems associated with background
turbidity of food samples. ¥ Phage-based colotimetric assays have
ot been reported to date,

10.7244 Fhage-based applications. What these methods have
in common {regardless of their mode of detection), and what has
primarily linited their application in pathogen detection in foods,
is their requirement for differential or selective media. The use
of such media can increase testing time considerably, and does
not abways allow for the detection of stressed and injured bacte-
rial cells. Generally, they do nwot differentiate o the species level,
and can also be affected by the growth of contaminating micro-
organisms associated with the background microflora of foods,
resulting in false-positive detections. One approach o these prob-
lexns is the use of bacteriophages, specifically their effect on the
metabolic activity of their hosts, which can offer an alternative
means of detecting specific microorganisms in the presence of the
background flora of foods. Based on the target population’s in-
ability to replicate (in the presence of specific phage) to similar
eall concentrations achieved by a negative control not exposed
to phage, positive detection of pathogens can be confirmed. I
target cells are present, they will be infected and lysed by the
phage, resuliing in delayed detection in samples with added
phage. Control samples without phage will have normal metabo~
tism and growth, resulting in a shorter detection tine.

This approach was evaluated by Pugh and Amnott™ in their
development of impedimetric media for the detection of Salmo-
neils spp. in confectionery products. A combination of two
impedimetric media, selenite~cystine-trimethylamine oxide-
dulcitol medium (SC/T/D) and modified lysine decarboxylase
broth (MLD), was used in an attempt to take into account those
Salmonella strains not capable of fermenting dulcitol, but able to
decarboxylate lysine. In addition, phage Felix O-1, estimated to
be lytic for 96.1% of tested Salmumells strains, and phage G47,
included to compensate for the tendency of Felix O-1 not to fn-
fect O groups Bl o B4, were employed to confirm the positive
genus identification made by impedance microbiclogy. Of 81
Salmonelia strains tested in the Bactometer system by bothanedia
andd the phage test, all strains except one strain of 5. Houten, were
positively identified by at least two of the fhwee protocols, while
false-positive reactions by Citrobacter freundii, E. coli, Proteus vul-
garis, and Pseudomonas aeruginosa were obtained in either SC/T/
D or MLD, but never both broths. The non-Salmonellz strains were
all negative according to the phage test. A pre-enrichunent step
using brilliant green-milk broth was incorporated into the assay
when artificially inoculated samples were analysed. In all cases
but one, where Salmonells isolates were identified by conventional
selective erpichment and plating, positive identifications were
made by at least two of the three test protocols. The one excep-
tion was an isolate of S, fyphimurium which was positively iden-
tified by the phage test but neither by the conventional nor the
Bactometer methods, Despite the apparent usefulness of this
phage-based impedimetric method, confirmation of presumptive
positives made the method more Hime consuming, and no further
application of bacteriophages to impedance has been reported.

Recenily, these metabolic methods were resvaluated b v
MeIntyre and Griffiths™ in an effort 1o 1) develop specific patho-
gen detection methods using bactexiophages specific for Listers,
spp.. E. coli, and Salmonella spp., 1} to demonstrate the ability of
particular phages to differentiate particular isolates, and i) 1o
investigate whether decreased selectivity of media cowdd be
counter-balanced by the incorporation of specific bacteriophages
for the bacteria of inderest. This attempted o reduce the amoung
of me required for testing, and take indo account the deleteri.
ous effect of selective media on stressed ov irjured cells, while the
phage test would indicate if target colls were present,

bnpedimetric and colorimetric methods were successfully de-
veloped for the detection of bovine fsolate E. 00f{ G2-2 in raw milk
and ground beef wsing Vitek Coliform Medinm (CM), a lactose-
containing medium designed to change color from purple to yel-
low in the presence of lactose-fermenting coliforms, and phage
AT, demonsivated to be lytic for isolate G2-2. Less than 10 CRJ
of E.coli pevml. of raw milk could be detected by both phage-based
methods within 10 hours, while a detection limit of less fran 1000
CHU /g of ground beef was achieved using & test-tube based phe
age colorimetrie assay in 10.25 hours. Using phage AT20, specific
for non-shiga toxin (st} E. cofi but not ste-positive isolates, the
presence of non-stx-producing E. coli G2-2 inraw milk and ground
beef was subsequently confirmed by an increase In the time re-
quired fo reach the defection threshold in the presence of phage
as compared to identical saraples without added phage. Bquive-
lent impedimetric detection Hmits were achieved for skimn milk
powders artificially contaminated with various Salmonells spp.
using phage Felix 0-1 and CM (able to support the growth of 8¢
manelin but with no lactose fermentation], but the specificity of the
assay was greatly enhanced by the use of a second bacteriophage,
512, with a host range narrow enough to positively defect only 5.
typhimurium and 5. enteritidis.

The effect of using less selective media for the impedimetric
detection of L. monocytogenes ATCC 23074 in combination with
specific phage ATCC 23074-B1 gave rather interesting results. In
pure culture using both Listeria selective impedimetric broth and
less selective Demi-Fraser broth, large differences in detection
times for L. monocytogenes were observed in the presence and
absence of phage, with, as expected, slower detection acearring
in the presence of phage. In addition, detection was substantially
faster in the less selective medium, However, when raw milk was
artificially contaminated with L. monccyiogenss and tested ina
sirnifar fashion, the reverse result was obtained in Demmni-Fraser
broth where slightly faster detection times were achieved in the
presence of phage. It is likely, in this case, that the lower selectiv-
ity of the medium plus the lowering of the numbers of Listerls
present due to the lytic action of the phage actually allowed faster
growing members of the background microflors to dominate
These microorganisms were thus able to reach a detectable level
faster than was the case in the absence of phage, where origina!
Ligteria lovels were competing with the raw milk microflora. In-
terpretation of results by fius method should thus be considered
carefully, depending on the selective nature of the medium, the
food material being tested, and the growth rates of the mictot!
ganisms in question, Phage-based turbidimetric detection of
pathogens has also been demonsirated using similar media a0
phage combinations, but the need o dilute food samples at feast
1601000 times detracts from the sengitivity and overall useful
ness of this type of assay. However, the Bioscreen C has been us®®
effectively in pure culture work to assess the susceptibility ¢
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pacterial strains to lytic phages, and has been useful in establish-
g opHmun phage concertrations for use in other assays.

i

10.735 Miscellaneous Phage Probe Applications

107251 High-performance Hquid sshmm‘amgraphy« Ahigh-per-
¢ormance liquid ckwctmatag;aphy {E:I},’.L(,) method for the detec-
sion of Salmonella spp. utilising the Pelix -1 phage was reporte?[
in 1963.8 Using an E-1000 m-Bondagel gel permeation columm, it
was demenstrated that HPLC could be used to distinguish and
detect Selmonella spp. based on the detectable increase in bacte-
pophage titres associated with phage replication and cell lysis,
Susceptible host cells and Felix O-1 phage were mixed and allowed
1o interact for two hours during which replication of phages would
occur. The aqueous phase was removed, ireated with chioroform,
and ventrifuged to remove cell debris. This bacteriophage super-
natant was then injected into the HPLC column and the resulting
chromatograph was analysed for a specific peak corresponding
to the retention of bacteriophage previously determined to occur
3.2 minutes after injection. It was determined fom the resulis
obtained that a meirdmum bacteriophage concentration of approxi-
mately 10° PEL/ . was required {o give a reliable detection {re-
sponse of at least 10mm over background), corresponding fo
around 3x10° bacteria per malxequiced in the reaction mixture. This
peak seonered only when Selmonells spp. were present in the re-
action mixture, and a positive detection was demonstrated even
when non-Salmonella spp. were also presext. The high levels of
bacteria required for detection was 2 definite shoricoming of this
method, and was subsequently addressed by the use of filtration
and enrichment in follow-up research outlined balow.

These modifications were incorporated in order to detect Sal-
moniella spp. in milk using this HPLC method ® Large pore elec-
tropositive filters were employed to remove bacteria from ariifi-
cially-inoeulated milk samples, and subsequenily treated with
alitaline broth media to ehute the trapped mdcroorgandsms from
the filter. This method was estimated to recover about 40% of the
bacteria originally added to the milk, and subsequent oveérnight
enrichment in the presence of brilliant green dye was adequate
to ensure that 75-100% of the total bacterial population consisted
of salmonellae. Following envichment, the cells were centrifuged
and washed, resuspended in CaCl-supplemented nutrient broth,
and bacteriophage was added to defined cell densities. Follow-
ing preparation of bacteriophage supernatants {as previously
described}, 25 ml, vohumes were injected into the HPLC cohwmn,
and the presence of a 3.2 minute bacterifophage peak was indica-
tve of the presence of Salmonells in the original sample. Less than
five salmonellae per mL of milk were detectable by this method,
resgliing in a positive detecton result within 24 hours of sam-
pling. However, as previously reported ” problems arose when
certain Salmonella serotypes were not infected by this phage. The
false-negative results were explained by the potential presence
of either prophages, known to limit or inhibit replication of Felix
-1, of bacteriophage-restricting plasmids. Despite the improved
detection limit achieved in this research, the use of this assay has
1ot been more recently reported.

18,7252 Immebilized-phage capture assay. More recently,
the ‘Sapphire’ lytic phage (Amersham International) has been
evaluated in a novel immobilized capture method for the sepa-
3tion and concentration of Safmonells strains by Bennett et al®
Using both a microtitre plate and dipstick method, phage particles
were allowed {o adhere to the solid phase, washed several tines
to remove unbound virus, and freated with bovine serum albu-
min to minimize non-specific binding of celis. The phage-coated
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solid phase was then exposed to several Salmonells serctypes in-
cluding 5. typhimurium and S, enteritidis, and non-salraonellas in-
cluding E, coli, Protexs mirabilis, and Hafnin afvei i lquid suspen-
sions. Using the polymerase chain reaction (FCR), the method was
evaluated for i} its ability to remove cells from the suspensions
and 1) specifically distinguish and remove Salmonells cells from
mixed cultures of Entexrobacteriaceae. A commercially available
Sabnonella-specific BAX PCR system was chosen, but used in a
proceduse slightly different from that suggested by the manufac-
warer, previously demonstrated to significantly increase the sen-
sitivity of the systexn, Data obtained showed that capture of Sal-
manella spp. was possible using both solid phases mentioned
above, but, based on the detection limite of the PCR assay, high
numbers of cells (around 1 CFU/mL) were required to subse-
quently obtain a positive end resuit. Specific capture of 5, typhi-
murinm i the presence of equal mumbers of competing Exdero-
bacteriaceae using the microtitre plate test format was also a
viable option, but again, high numbers of cells were required for
a positive result, While these results were encouraging, a mum-
ber of problems were encountered in this assay. Most importantly,
8. ealing and 5. arizonac were not detected by this captare methed,
and the ‘Sapphire” phage was subsequently shown not to infect
these particalar organisms. Second, phage capture was very in-
efficient and it is likely that some phage particles were binding
to the solid phage via the tail rather than the head, thus render
ing them useless in the cell capture process. The small surface area
of the microtitre plates may also have contributed to the poor
captuse rate. In addition, wnusually high cell counts obtained
using control {uncoated) dipsticks demonsivated that phage or
cell clumping may have arisen as a sult of uneven surface cheme
isiry. A sclution to the surface axea issue i3 the use of magnetic
spheres as a solid phase, but further work in this area was not
reported by these or other authors.

18,7253 Phage-linked immunosorbant assays. The use of
phages as reporter molecules has also been extended to the de-
velopment of phage-Hinked immunosorbant assays (PHALISA),
similar to the ELISA method, where the amount of phage bound
by immobilised antigen-antibody complexes can be related back
to the number of target cells present by its subsequent infection
of susceptible bacterial cells. Block et al* employed bacteriophage
M13, engineered to contain the E. colf leeZ gene, as a ‘bio-ampli-
fiable tag’ for the detection of herpes simplex virus (HSV), HSV-
infected cells were Incubated with HSV-specific monoclonal an-
tibodies raised in mice, followed by rabbit anti-mouse serum and
mouse anti-M13 serurn, The resulting complexes were incubaied
with phage M13. The bound phage was shuted and then quanti-
fied by plaque assay and acquired beta-galactosidase activity in
phage-infected £. coli cells. This PHALISA assay was more sen-
sitive than an BLISA method nnder similar test conditions and
demonstrated the potential for detecting bacterial and viral anti-
gens in foods.

10.7254 Phage amplification assays. A similar role for phage
has been exploited in the development of methods to detect
Peewdomonas aeruginosa and Mycobacierium luberoulosis.® Known
as the ‘phage amplification assay’, it exploits the Iytic cycle of bac-
teriophage to indicate the presence of target bacterial cells, Follow-
ing infection of cells, samples are first treated with a special viru-
cidal reagent to destroy external virus particles not already
involved in the infection process, and then the reagent is neut-
ralized to prevent later destruction of phage progeny. ¥ suscep-
tible target cells are not present in the sanple, then all bacterioph-
age will be destroyed. Otherwise, the bacteriophage replicates
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normally within the bost cell and eventually fyses the cell wall, re-
leasing iis progeny into the external medium, Resulting virus par-
tictes can then be amplified further using a non-pathogenic host
and detected by plaque assay. This method has been reported o
have a detection lmit of about 100 mycobacteria per mL of saanple,
detectable within 10 howurs, and offers the advantages of destroy-
ing virulent M. tuberculosis cells during testing if they are indeed
present in the clinical sample, simplicity of use with no expensive
instrumentation required, and 2 less expensive application of ph-
ages as opposed to moxe costly cloning techniques mentioned
previcusly. As with other phage-based detection methods, resis-
tance to a particular bacteriophage is the most likely problem as-
sociated with this approach. However the use of phage cocktalls
could be a means of overcoming this shorteoming.

18.73 Conclusions .

Bactericphages are versatile biological particles, capable of iden-
tifying host bacteria to levels well beyond the capabilities of many
conventional microbiplogical methods. Their demonstrated suit-
ability for bacterial typing and cloning has wesulted in their suc-
cessful application in a variety of molecular-baged and /o ‘rapid’
methodologies, particularly for the detection of pathogenic bac-
teria. Regardless, the limiting factor in the advancement and ap-
plication of phage-based detection systems will always be the
bacteriophages themselves. For example, the generic detection of
Saimoneliz spp. using the broad-spectrum phage Felix O-1 has
been extensively documented, but it is not a viable option for
move specific detection to the sexovar level Continuing phage
isolation and characterisation still remains the best way of iden-
tifying potentially useful bacterlal viruses, and this avenue, in
combination with more novel mnolecular approaches to the ques-
tion of phage specificity, should ensure continued research inter-
est in bacteriophage-based detection methods.
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Chapter 13 f

M. A. Cousin, J. M. Jay, and P C. Vasavada

131 INTRODUCTION
13,17  History and Definftion of Terms

In 1887 Forster observed microbial growth at 0°C, but it was niot
unit] 1902 that the term “psychrophile” was used.” Psychrophiles
have been defined based on growth at low temperature, optimum
temperature of growth, temperature of enumeration, and othey
eriteria not velated to fermperatare such as only including gram-
negative xods or only bacteria that do not swrvive pasteuriza-
tion. ™ Mossel and Zwart® and Eddy® proposed the term
“psychrotrophs” for microorganisms that grow at low tempera-
tures but have higher temperature optima, Morita® suggested
that the mesophilic microorganisms that grow at §°C be called
either psychrotolerard or psychrotrophic to contrast with psychro-
philic microorganisms, which have & temperature optimum of
15°C, a maximurn of 20°C, and & mindmum of §°C or below. Ina
recent review, Brenchley ™ referred to psychrophiles as microor-
ganistns that grow at 8°C or below regardless of the madmum
growth temperature; therefore, there is still not consensus on what
to call these micxoorgandsms that grow at low temperatures.

Microorgarisins that grow in foods at refrigeration tempera-
tures () to 7°C) but have temperature optima above 20°C are
called psychrotrophs. Psychrotrophs are defined as microorgan-
isms that produce visible growth at 7° £ 1°C within 7 to 10 days,
regardless of their optimum growth temperatures,™ This defini-
ton honors the long-standing practice of classifying microorgan-
isms into three temperature groups, namely thermophiles,
mesophiles, and psycheophiles, with psychrotrophs being a sub-
group of the mesophiles. From a practical standpoing, the micro-
organisms that are most comunondy associated with refrigerated
foods and cause food spoilage are psychrotrophs and not
psychuophiles because the lattex usually die at room temperature
or above. Psychrotrophs grow and spoil foods that are refriger-
ated, but they grow better at higher temperatures in the meso-
philic range.

1312  Growth of Psychrophiles and Psychrotrophs

e microorganism is io grow at low temperatures, then the sub-
strate uptake, cell pertneability, enzymatic systerms, and synthetic
Pathways must all function at low femperatures. Some theories
“oncerning the mechanism of growth of psychrophiles and
Piychrotrophs focus upon the generation of low activation en-

e,

argy for engymes, presence of unsaturated fatty acids in the cell
membranes and subsequent fluidity, conformational changes in
the ribosomal proteins, and regulatory enzymes, presence of cold

shiock profeins, alterations in substrate uptake, and cell perme-
a‘bi HW 028,41, 505282, 97.99,103.115

13.13 Psychrophiles Invoived in Food Spollage

Paychrophilic bacteria ave mainly gram negative and are found
Inenvironments where temperatures are constantly below 15° to
2°C* Psychwophiles grow in environments where temperatures
are fairly constant; whereas, psychrotrophs grow in environments
where texnperatures fluctuate.™ Most psychrophiles found in
foods are species of Aeromonas, Alcaligenes, Cylophaga, Flavobacte-
riwm, Pseudomonas, Serratis, and Vibrio. Some gram positive gen-
era that have been isclated from arctic waters, soils, and foods
include species of Arthirobacter, Bacillus, Clostridium, and Microcoo-
cus. Peychrophilic yeasts, molds, and algae have also been iden-
tified. Cryplococcus, Leucosporidium, and Torulopsis are psychro-
philic genexa of yeasts. Although Makarics-Laham and Levin™™
isolated psychrophilic Vibric species from haddocdk, their signifi-
cance ix fish spoilage is unknown. Whether psychrophiles are
involved in food spoilage has not been determined.

13.14 Psychrotrophs Involved in Food Spollage

Peychroirophic bacteria have been studied more than either yeasts
or molds. These bacteria inchude rods and cocdd; sporeformers and
nor-sporeformers; gram negative and gram positive bacteria; and
aerobes, facultative anaercbes, and anaerobes. The major psychro-
trophic bacteria found in milk and dairy products, 9% meais
and poultryS%%5 and fish and seafoodSS8E2 indude spe-
ctes of Acinetobacter, Aeromonas, Alcaligenes, Avthrobacter, Bacillus,
Brochothrix, Carnobacterium, Chvomobacterivm, Citrobacter, Clostrid-
tum, Corynebacteriwm, Enterobacter, Escherichia, Flavobacterium, Kleb-
siells, Lactobacilius, Leuconostoc, Listeria, Micrebacterium, Microcoo-
cus, Moraxella, Pseudomonas, Psychrobacter, Servatia, Shewanella,
Streptococeus, and Weissella. In addition, species of Alteromonas
{formerly Prewdomonas puirefaciens), Fhotobacterium, and Vibrio are
also Impoviant in fish spoilage. ™% Spedies of Bacillus, Clostridi-
win, Enterobacter, Erwinia, Flavobacterium, Pseudomonus, and Yersiniz
cause soft-rotting of refrigerated vegetabes 19357
Paychrotrophic fungi have been isolated from refrigerated
fresh animal and marine products and from fruits and vegetables.

1
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Among the yeast genexa involved are Candids, Crypfococous,
Debaryomyces, Hansenuls, Kiuveromyces, Pickia, Saccharomyces,
Rhwdotorula, Torulopsis, and Trichosporen P25 Mold genera that
have psychrotrophic spedies include Allernaria, Aspergillus,
Botrytis, Cladosporium, Colletofrichwm, Fusariww, Geotrichum,
Monascus, Mucor, Penicillium, Riizopus, Spovetrichum, Thamsidiums,
and Trichothecfum WA#S1 Bungl predominate in refrigerated
food spoilage when low water activity, high acidity or packag-
ing conditions select for their growth over bacteria in foods, such
as many fruits, jams, dried fraits, and fermented foods {cheese,
sausages, yogurt, etc.}.

The use of vacuum or modified abmosphere packaging of raw
and processed meat, fish, and other foods favors the growth of
both facultative anaerobes and true anaerobes in the oxygen-
reduced enviroronent. The major bacterial genera found in vacu-
wmn or modified atmosphere- packaged foods inchude psychro-
trophic species and strains of Brochothrix, Lactobacilius, Leuconos-
toc, and members of the Enferobacteriacese with lower populations
of Carnobacterium spp. and Weissellz viridescens 07R

13.15 Fsychrotrophic Pathogens

The emergence of psychrotrophic foodbome pathogens in recent
years has raised new concerns about the safety of refrigerated
foods. Pathogenic psychrotrophs that grow at or below 5°C in-
chude Aeromonas bydrophila, somne straing of Bacillus cereus, Clostrid-
fum botulinum type B and non-protectytic types B and F, Listeria
monocytogenes, Vibrip cholera, Yersinia enterocolitica, and some
strains of enteropathogenic Escherichia coli 78938 Purther infor-
mation on these pathogendc psychrotrophs can be obtained in
their respective chapters. Several reviews on the role of psychut-
trophic pathogens in vaceum or modified atmosphere-packaged
foods have been published }Ssstst1R 1S 128

Foodborne pathogens such as strains of B. cereus, C. perfringens,
the proteclytic sirains of C. botulinum, Salmonells serotypes, and
Staphylococcus aureus™ have minimal growth temperatures be-
tween 7° and 15°C; therefore, temaperature abuse of refrigerated
fouds may allow these mesophilic pathogens to resume growth
onee temperatures rise above 10 {0 15°C,

13.18 Significence of the Presence and Growih
of Peychrotrophs in Foods

Psychrotrophs metabolize carbohydrates, proteins, and lipids
across the range of temperatures at which foods are stoxed, buat
reaction rates are slower at temperatures at and below 7°C, Mi-
nor biochemical changes in the food may ocvur eaxly during the
growth phase of some psychrotrophs, but several days fo weeks
of refrigeration may be necessary for changes o become organo-
leptically apparent®

Information about the spoilage of spedific food commodities
can be found in thelr respective chapters. Some general reviews
are available for the spoilage of milk and dairy products,B2R1802
meat and poultry 7 figh and seafoods B%9%7 and fraits and
vegetables WM

There is a trend in the United States, Europe, and Japan to
market “minimally processed” refrigerated foods that range from
dedi-type salads fo complete dinners. 2% Minimal processing
uses procedures such as low heat instead of sterilization; and
cleaning, peeling and cutting of fresh produce instead of leaving
it whole.! Minimal processing includes various heat freatments,
vacuurn or modified atmosphere-packaging, conventional or
microwave heating after product-package assembly, and sirict

refrigerated distribution systems.™ Two methods, “sous-vide,” in
which the food is placed in an oxygen-impermeable bag, and
“nowvelle carte,” in which the food is packaged on a plate and
placed in a vacuum pouch, involve minimal heat processing in
the vacuum package and refrigerated diskibution at 2° o 4% %06
These processes for refrigerated fonds coeate new microbiologi.
cal concerns for both safety and expected shelf life. Packaging in
vacuum and modified gaseous atmospheres selects for faculta-
tive anaerobes and anaerobes. The minimal beating kills vegeta-
tive cells, but not spores. Since these processing and packaging
methods are intended only to extend the shelf life, surviving
psychrotrophic speilage and pathogenic microorganisms can
grow and dominate the microbiota of these products. To avoid
this situation, proper thermal processing, vacuuma packaging plug
storage and distribution at 7°C or below must be maintained.

3.2 REVIEW OF METHODS USED TO
ERNUMERATE PSYCHROTROPHS IN FOODS

1327 Cultursi and Microscopis Methods

General reviews of the methods used to erumerate psychrotrophs
have beenpublished for dairy products,” fish,% and meats.” The
traditional methods for enumersting psychrotrophs have in-
volved either plate counting methods or the use of microscopy®®
Bxamples of the time and temperatures of incubation for
paychrotzophic plate counts are 10 days at 7°C for pour plates o
7 to 8 days at 7°C for spread plates and 16 hy at 17°C followed by
3 days at 7°C. Incubation conditions using shorter times and
higher temperatures have inchuded 25 hr at 21°C for milk and
cream SRSBE 45 by at 18°C for milk® and 24 br at 25°C for
meat.®

Several variations of the plate count procedure provide eguive-
lent accuracy for the enumeration of psychrotrophs. These meth-
ods {Chapters 6 and 10) include spiral plating®®* dry rehydrab
able film Hke Pelrifllm™ % and hydrophobic grid-membrans
filter (FIGME), 1607

The compuosition of some selective media used for psychre
trophs is based on the assumption that most psychrotrophs are
gramnegative bacteria. In the first two editions of thisbook 2
selective medium was recommended for the enumeration of
psychrotrophs that contained crystal violet and triphenyl telre-
zolium chioride {CVT) and was incubated for etther 48 hr at 30°C
or B days at 22°C, Jay and Bue®™ found that the use of CVT agar
with incubation for 48 hr at 30°C was not suitable for the enir
meradion of gram-negative psychrofrophs since many nom
psychrotrophic mesophiles grew well under 'these conditions.
While crystal violet at 2 ppmn inhibited theee gram positive bac
teria but not three Pseudomonas species, ™ crystal violet at the rec
ommended usage of 1 ppm™®® in CVT agar did not inhibit 41/4
non-psychrotrophs, nor 3/45 psychrotrophs evaluated S Al
though some investigators have found media containing thes
inthibitors to be suitable for assessing gram negative psychit
trophs at temperatures that permit the growth of many 10
psychrotrophic mesophiles, this is a reflection of the relatively
iatge number of psychrotrophs in the products examined. M"“f
non-psychrotrophic mesophiles will proliferate at temperatur®
between 22° and 40°C when incubated for 48 hr or more.

The direct microscopic connt (OMC) where a specific Salil‘i’%g
size is placed on & defined area of a microscopic slide that ¥
stained before counting the cells in a set mumber of fields and the
microscopic colony count (MCC) where a specific amount of agd i
containing the food sample is incubated on a slide and 8¢ 3

-
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aceuracy needed, type of refrigerated food, and degree of process-
ing. When an accurate numnber of psychrotrophs is nieeded, plate
courd methods must be used. It may be necessary to choose tixae
and temperature conditions that simulate efther the storage con-
ditions of the food or the possible abuse conditions, Selection of
the method for enumerating psychrotrophs must involve consid-
eration of sublethally injured or stressed cells. Absohste conditions
cannot be given for every food or every situation.

13.32 Media Selection

The selection of media for enwmeration will depend on the food,
types of psychrotrophs expected, recommendations of equiprent
manufacturers, length of incubation, reactions expected, and
other relevant factors, Media other than those listed below may
prove valuable.

13.4 SAMPLE PREPARATION
13.41 Sampile Collection

Samples must be collected aseptically {(Chapter 2) and analyeed
promptly. Refrigerated storage could allow psychrotrophs to in-
crease in numbers because some psychroirophs have generation
tirnes as low as 6 hr. Ideally, refrigerated foods should be analyzed
within & hr of their collection. Refrigerated samples should not
be frozen because some psychrotrophs are sensitive to freezing
and can be injured or killed. ¥f samples must be frozen for ship-
ment, then the possibility of some death must be considered when
evaluating the results.

13.42 Sample Homogenization

Samples should be homogenized with diluent in a blender for 2
min or in a stomacher. Because psychuotrophs are sengitive to
hieat, blending for more than 2 min is discouraged to prevent the
generation of heat that can result in el injury or death. In addi-
tion, exeessive blending of molds can cause fragmentation of the
mycelia, depending on blade sharpness, volume, speed, and time,
The use of a stomacher in preference to the blender lessens the
likelthood of these problems,

135  BOUIPMENT, MEDIA, MATERIALS, AND
REAGENTS

Refer to the specific section in recommended methods for equip-
ment that is needed for pach method. Incubators that can be main-
tained at 7° £ 1°C for the traditional psychrotrophic count and 17~
2190 £ 1°C for rapid methods that require incabation are necessary.

7351 Media

1. Non-selective plate media: standard methods {plate count)
agar or tryplicase soy agar for bacteria; and dichloran rose
bengal chloramphenicol agar (DRBC) or plate count agar
plus chlorarphenicol or dichloran 18% glycerol (DG18) for
yeasts and molds (Chapter 20).

2. Madia and reagents for the rapid methods can be obtained
from the manufacturers (Chapter 63).

13.6 PROCEDURES FOR ENUMERATION OF
PSYCHROTROPHS

13.867 Plate Count Method

Aplate count method using plate count or trypiicase soy agar, or
dry rehydratable film such as Petrifilm™, is recommended for

general enumeration of bactera (Chapter 7). Enumeration pro-
cedures for yeasts and molds can be found in Chapter 20, Incu-
bate plates for 10 days at 7 £ 1°C since this is the reference defi-
nition for psychrotrophs. Alternatively, incubation for 16 hr at
17°C followed by incubation for 3 days at 7°C ean be used whaen
results are needed in less than 10 days.™

Count the colondes as described in Chapter 7. Record 2l counts
as mumber of psychrotrophs /milliliter, gram, or square centime-
ter depending upon the method of samphing.

13.7 PRECAUTIONS
13.71  Incubation Temperatures

Different types of refrigerated foods are normally processed ang
held at temperatures of refrigeration that ave specific for the food
commmnodity. The incubation temperature used for the enumers-
tion may not lead o adequate assessment of the psydwotrophic
population that will grow in the food because microorganismg
may grow inlaboratory media buinot in the food and vice versa,
Therefore, caution must be used when interpreting resulis of the
snumeration of psychrotrophic populations.

Sublethally injured paychrotrophs may not be detected ane-
Iytically but may cause food spoilage or foodbormne fllness. There
fore, steps to recover sublethally infured cells should be included
in enumeration and detection methods.* Seg Chapter 5 for sug-
gestions on methods.

§3.72 Pour Plate Versus Spread Plate Techniques

Psychrofrophs are especially susceptible to Injury or death when
agar that is held above 45°C is used for pour plating.™ Hence, 3
spread/surface plate or spiral plater technique (Chapter 12}
should be used whenever possible. Plates can be pre-poured and
stoved at 5°C for several days or weeks befove use, Dry rehyduat
able film such as Petrifilm™ may alse be used in place of the frer
ditional plating technigue.

13.8 RAPID DETECTION

Obtaining results soener than 10 days is pragmatically desirable,
and efforts must continue to find methods that are more rapid
for the spameration of psychrotrophs in foods. Rapid detection
of psychrotrophs in xaw ingredients, on-line guality conteol
samples, and shelf life samples are important. Three useful rapid
methods are impedance, LAL assays, and enzymatic assays.

$12.87 Impesdance Determination

The equipment manufacturers generally recommend media and
incubation conditions that should be foliowed for the specfic
foods being analyzed becanse some media can interfere with the
detection time. Preliminary work to determine what correlations
between inpedance readings and psychrotrophic counts apply
tn the food usually are necessary before impedance can be Us
for routine analysis. An example of how the method is done isa¥
follows. Samples of solid foods (meats, poultry, fish, vegeiﬁbi@s'
etc.} are blended for 1 min in 0.1% peptone water to make 2 1
ditution. As litde as a 1.0-mL aliquot of the 1:10 dilution ¢al be.
added to recommended broth in the sterle well or tube of ;‘?
impedance detection instrument. Samples are incubated atZ!
and contimuously monitored for up t© 24 hr depending o8 fihe
sample and the degree of contamination. Preliminary incubat®®
for 15 to 24 hr at 18° to 21°C in broth may be used to obtain €0
detection and shelf life predictions because foads that have ut

.—A‘/
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one processing normally will have Im:«'er counds than xaw
foods. After preincubation, 1 or more milliliters of the mixed
fe is placed in the well or tube of the impedance detection
.Saigf,mem and incubated at 21°C; thereafter, rmeasurements are
m"erded for up to 24 hr. The impedance detection time Is recorded
ﬁfd used to estimate the number of psychrotrophs in the sample.
o Liguid foods such as mitk and juice can be added directly to
either broth or plated media in the welld of the impedance detec-
won instrument, Specific media‘deveiepe’d by the instrument
guppliers can also be used 1o detect bacteria, veasts, and m'olds
in liquid foods. A sample of the liquid foed (amount determined
by instrument used) is added to the media in the well and ncu-
bated at 21%C for np to 24 he for bacteria and 25° t0 28°C for 1 to
2 days for yeasts and molds. Preincubation in plate count broth
4t 18°C for 18 her can be done 10 assess the keeping quality of heat-
socessed milk and dairy products. The impedance detection time
6 recorded and the estimation of micobisl numbers made.

derg

13.82 Limulus Amoebogcyte Lysate {LAL} Assay

The tube gelation method has been used morw extensively than
either the burbidity or the chromogenic gubstrate methods, and
its use is described below. However, the chromogenic substrate
is the newex of the three basicmethods, provides results in about
30 min, is more sensitive (LPS detected from T to < 5pg/mi), and
is becoming more widely accepted. The basic operation and au-
tomnation of the chromogerde substrate has been described by Thuji
etal™ and reviewed by Jay©

The most importani considerations in the use of the tube ge-
fation method are (a) source and sensifivity of LAL reagent, (b)
whether single- or nmulii-test vials or veagent are o be used, and
{¢} the choice of endotoxin or LFS standard. Suppliers of freeze-
dried LAL reagents, such as Associates of Cape Cod (Woods Hole,
MA} and Sigma Chemical Co, (Gt Louds, MO) provide complete
instructions for the proper use of their reagents, and these should
be followed carefully. LAL reagents can be obtained with differ-
ent levels of sensitivity usually expressed nendotoxin units (EU}

Since LPS from different gram negative bacteria varies in its
reactivity to the LAL reagent, it {s essential that a standard refer-
ence endotoxin preparation be used. These are available with
complete instructions for use from LAL reagent suppliers. The
two reference endotoxins of choice are those prepaved from Es-
cherichia coli (3113310 (BC-2) or E. coli Q5585

The tube gelation method described below is taken from the
review by Jay.® LAL assay methods require that all utensils and
glassware be pyrogen free. Glassware can be depyrogenated by
heating in a dry-air oven at texnperatures above 180°C for about
3 hr. Sterife pipettes and disposable tubes are generally free of
pyrogens before use, and pyrogen-free water shonld be purchased
{rorm a firm that supplies parenteral producis. Specific instructions
for conducting a tube gelation test are usually provided by the
LAL reagent manufacturer.

LAY reagent is supplied either in ready-to-use or single-test
vials, or in multi-use vials. Follow the preparation and storage
directions that come with the reagents. It is generally a good idea
19 cover the tubes with aluminum foil until used. The tubes
should be used the same day although some manufacturers in-
dicate that the tubes may be frozen and thawed once. Quality
control procedures and both negative and positive controls are
fapplied by the manufacturers,

Food samples should be serially diluted, using pyrogen-free
Water or sultable buffer, to provide dilutions that will produce
Regative results. Since two-fold dilutions were not significantly

.

i Psychrowophic Microomanisms

different than ten-fold dilutions, use of two-fold difutions will
save on both reagents and labor® Beginning with the highest
difution {fowest endotoxin concentration), the same pipette fip
can be used to transfer either 8.1 or 6.2 mi of diluted sample o
separate LAL reagent tubes. The tubes are vortexed gently, incu-
bated in a waterbath at 37°C for 1 hy, and read by inverting 180°
and noting gelation. Simultaneously, an endotoxin standard
should be inclnded using an appropriate reference endotoxin. The
two~fold dihiied endotoxin standard should be treated in the
same way as the diluted test preparation; the sensitivity of the
LAL preparation fo LP5 is determined by using this standard to
define the lowest quantity that produces a gel.

The quantity of endotoxin or LPS in test samples is determined
by multiplying the reciprocal of the highest sample dilution by
the LAL-determined sensitivity value. For example, i the high-
st dilution of endotoxin standard that produces a firm gel in the
LALreagent is 0.1 ng, the sensttivity of the LAL reagent is, thus,
0.3 ng. If using the above LAL reagent and the highest dilution
of food that produces a fixza gel is 10°, then the total endotoxin or
LPS in food is 0.1 ng = 1000 = 100 ng/miL.

$3.83 Enzymatic Mathods:
Catalase and Cytochrome Oxidase

Enzymatic methods are not sensitive encugh to detect miceobial
populations below 10 cells/mL or g; therefore, use is restricted
to foods with high microbial Joads. A preincubation of 4 to 6
that may or may not involve selective enrichument media can
improve both the selectivity and the sensitivity of these methods,
Use of these methods for solid foods needs further refinement for
the exiraction of the enzymes from foods.

The catalase test can be done by using insiruments that mea-
sure oxygen release, e.g., BioTech International (Sugarland, TX).
Catalase that is naturally present in the food may need to be in-
activated by heating the sample at 30°C for 10 min before doing
the test for microbial catalase, which has a higher heat stability?
The amount of oxygen produced in the catalase test is propor-
tional to the number of microorganisms in the food.

The oxidase test is performed by treating 4 mL of sample with
1 mL of a freshly prepared 1% NN N N'-tetramethyl-p-phe-
nylene-diamine dihydrochioride followed by incubation at 25°C
for 5 min. if sapnple contains particulate matter, then it can be cene
trifuged at 7,000 x g for 10 min before taking the reading. Blue
color can be evaluated either visually against reference color stan-
dards or specirophotometrically. The intensity of the blue color
is proportional to the conceniration of microorganisms in the food,

13.8 INTERPRETATION

The enumeration of psychrotrophs in refrigerated foods gives an
indication of the potential spoilage, keeping quality, or safety of
the food. However, caution should be exercised when trying to
make absclute predictions about a food based on these resulis.
Some temperatures of refrigeration may be close to the minimal
growth temperature, and the enuwmeration temperature may be
closer to the optivmum, particularly in rapid methods that require
an incubation pertod. The temperatures used for food stovage and
for detection should be closely comparable to achieve meaning-
ful results. In addition, the nature of the food is mpostant. If the
food has been refrigerated for some time, the munbers can rep-
resent a normal increase in psychrotrophs rather than a poor
guality product.

Processing can kill or injure psychrotrophs, and analyzing
foods trmmediately after processing may not allow time for injured
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cells to recover. 1f processed foods are stored in the refrigerator
for extended periods, even a few cells can grow to large enough
nunrbers to cause eveniual spoilage in a few days or weeks,
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i
METHOD OF PASTEURIZING MEAT
PRODUCTS

This is a division of application Ser. No. 08/677,594,
filed Jul. 9, 1996 now U8R Pal. No. 5,741,538 which is
incorporated herein by reference,

FIELD OF THE INVENTION

The present invention relatss in general v & method of
proceseing meat products for packaging and sale, The term
“meat products” ss used hersin means beef, pork, pouliry
and other fow! and veal. In particular, the prosent fnvention
rslates to a method of pasteurizing cut meat products as they
are moved along the processing path 1o esseotially ehiminate
bacierial conlamination within the parts whils retaining
moisiness and guelity of tasie and appearance of the parts,
and thereaftor cooling and freezing the paris so as in prepars
the pars for packaging for salke.

BACKGROUND OF THE INVENTION

Qe of the fastest growing and most profitable segments
of the food service industry iovolves the preparation of
precocked, packaged meat products such as chicken parts,
beef and pork producis for sale op reiall and institulionsl
fevels, The market for such products bas increased dramati-
cally in the areas of home retail sales and restaurant sales as
more and more people bave less tme 10 go 1 the troubls of
preparing and cooking fresh meats, and thus find it much
casier and faster fo use precocksd foods which require

ubstantislly less cookingfproparation/heating time,
Additiooally, for restaurants, the use of such precooked meat
products yvields faster service of orders, and the waiformity
of these products cnables restaurants to serve geperally
uniform sized portions. Also, sines al the vopsuser level, the
cooking time of precooked meat products is less than that for
fresh or uncocked products, restavranis do nof need as
exiensive cooking squipment to prepars and serve a signifi-
cant volume of mesls.

A sipnificant problem thal arises with packaged meal
producis, however, is the danger of contarnination of such
meat products dus to bacteria. If not properly prepared and
adequately cooked before being packaped, such food prod-
ucls can pass bacterial contaminates onto the end users,
posing a serions health risk to the ond users, This bealth risk
has bocome especially prominent 1 the last several years in
Hght of recent wall publicized instances of “E-voli™ and
salmonclla poisoning, ste. dus o conlaminated meat prod-
ucts being served al restaurants across the United States,

Conventional industrial food cooking prostsses have
focused on the cooking of such mest products at relatively
high temperatures in order io spsed the cocking tims
reguired to cook the products. Such rapld cooking of the
meat products under relatively high hesl, bowever, creates
much leas atfractive products often bavisg blood spots or
other discolorstions therein, Further, when cooking the
products rapidly, tbere Is still a danger of the products not
being thoroughly cooked, especially through the bones of
the produst, which contzin blood, marrow, efo., whers
bacleria can lake hold. In addition, rapid cocking of the
products at bigh heat further tonds 1o dry ol the products
making the products tougher and adverssly affscts their
tasie,

A sxzample of 3 conventional cooking system for meat
parls, is feught by U.S. Reissus Patent No. 33,518 of
Witliams, Williams teaches 2 steam conoking system in
which products of substantially uniform size and weight,
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such as chicken parts, are sprayed with a watsr spray and
thereafier are passed inio 3 steam chamber in which ihe parts
are gxposed to an savironwent of 100% humidity of approxi-
mately 100° C. {212° F). The principal purpose of ihe
system of Williams is to cook the uniformiy sized most parts
al an incressed heat and moisiure while attempting to retain
the juices and favor of the product, Williams, however, dogs
nob appear 1o sddress the problem of redusing the contami-
mation of the producis as they are moved through the
cooking apparatus. fn fact, Williams uses sieam partially
generated from the heating of water collected at the bottom
of the cooking apparatus. Such collected waler contains
coliocted delppings and bacterial contaminates seereted from
the parts as they are cooked. As this watsr is heated zud
becomes steam that is directed throughout the cookiag
apparatus, the parts are continually exposed fo potentially
confarninating sicam,

in addition, the products or paris enter the cooking
apparatus of Williams at the top thereof 5o that the raw paris
are 2f the top of the cooking apparatus, which raw pasts wend
to secrete and drip matier, including conlaminating matier,
downwardly onto the previously cocked products, at the
lower aress of the cooking apparaius. The sysiem shown in
Williams also requires an addifional procsssing step of
segregating the meat parts to parts of relatively uniform sizs
and shape before such parts can be moved through and
cooked in the cookiog apparatus of Williams. After the
products have been covked, the cooked products apparently
then must be dosegrogated prior fo packsging, for exampls
for the packaging of whole birds in “eight piece packs”.

Systems such as Williams, which are designed to provide
faster cooking of the ment paris in the provessing plant, thus
tend fo require additional processing sieps and cannot uni-
formly cook a variety of different size snd weight products
at the same lime. Additionslly, most copventional cooking
procssses are ool specifically directed or designed for ensur-
ing that bacterial contaminates conlainsd in the meat parts
are substentislly reduced or ¢lirvinaied prior to packaging
and sale o consumers, As & result, while cooking times for
such precooked, prepackaged meat products are generally
reduced over the conking times for fresh products, # typi-
cally is still necessary for the end consumer io cook the
products for 8 sigaificantly lopg time fo onsurs thst the
products are thoroughly cooked throughow to reduce or
eliminate any contamination therein,

Accordingly, It can be scen that beyond traditional meth-
ods of precocking product, & nesd exisis for a process of
pastevrizing and prepackagiog mest products, in which the
potential for bacierial contamination has besn substantially
reduced andior eliminated and which provides 2 safe,
healthy mesi product that can be rapidly cooked by an end
consumer and which, woliks prcocked product, retains
moisture and guality of Savor and appearance.

SUMMARY OF THE INVENTION

Briefly described, the presemt invention comprises 3
method for beat treating, or beat processing and theveby
pasteurizing out rosat paris or produets of varying sizes for
packaging snd sale, in which bacterial contamination has
been substantislly seduced andfor eliminsied, but which
retains & frash, moist tasis and appearance, and which can bs
rapidly and easily preparsd by ihe end consumsr.

in a frst embodiment of the present invention, the cut
meat perts, such as the broasts, backs, legs, thighs, eic . . |
of poultry carcasses, are moved from a cut-up line and are
deposited on 8 pestenrizing line. The parts are moved slong
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the pasteurizing Hoe along a processing path through a series
of stations for the pasteurizing aod {reezing of the pasts, The
first pasts are passed through 8 marinating ststion, wherein
the paris are maroated. Typically the parts are marinated by
being injecied with 2 marinade solution to improve ibe
moisiness aud fBavor of the producis as they are pastenrized,
Thereafter, the paris are msssaged at 8 sccond station by
being moved through a seriss of fips, whersin the products
are reoriented by dropping the peris osto a seriss of con-
veyor belts, As the parts are flipped back snd forih, the
marinade soluiion, which generslly has tended 0 be con-
centrated in pockels adjacent the skin of the part whers 1§ is
mjected, is disiributed subsiantially evenly throughout the
parts,

Following marination and massaging of the parts, the
paris generally are reorienied so that their skin sides are
facing upwardly as the paris enter 2 heating unit, The pars
enter the beating unit at a low slsvation and are received on
a spival conveyor thal progrossively winds In a helicsl

fashion upwardly through the heating unit toward the top ,

therenf, The spiral conveyor luriber s perforated to allow
juices seoreted by the paris at higher elevations within the
heating unit o drip downwardly onto the pars at the lower
slevations, This provides a natiral, susomatic basting of the
paris as they proceed through the heating unit. The parts
gencrally are expossd fo relatively lower heats of less then
Z00° ¥ oand are heat treated for approzimately 40-50 min-
wies or longer, until pasteurized. Furiber, the pans are
subjected to foreed streams or fows of beated air that are dry

or mixed with sisam up 1o 100% asnd which are directed

against the parts as the parts are pasteurized in the heating
upit, Such incressed pastcurizing times of the parts af
relatively lower temperatures than those used by most
conventional industrisl cooldng systers together with the
impingement of ihe parts with beated, forced alr Sows, tzads
o croate an sven, desp peoetration of hest all the way
through the parts 1o the boags thersof, As 4 rosult, the paris
ase evealy and thoroughly pastsurized to kiff any bacteria
contamioation therein. The bones of the paris also are
uniformiy beated so that the mamow and biood thersin is
denamired, and thus any bacteris within the bones is gener-
ally killsd to subsiantially sliminate any contamination
through the basteria within ths parts,

Afier the parts have been pasteurized in the healing wnil,
the parts thereafier are moved inlo a precooling station
positioned immeadiately downstream from the outlet end of
the heating unit. In the precooling station, the parts are
subjected to temperatures of between approximately ~20° F.
o 0° F for approximalely 3040 mivutes 1o cool the hot,
pasteurized parts o & temperature of between 40° F. 1o 50°
B Thereafter, the parls are moved inlo 3 freezer where they
are flash frozen by sxposure to liquid nitrogen for spproxi-
mately 20 minutes, The precocling of the parts prior o
freezing helps reduce the incidence of moisture within the
parts being drawn to the swrface, as generally happens by
simply flash freezing the parts, and thus, drying out the parts,
The products are mainiaived in the freezer for a time
sufficient lo Jower thair lemperature fo §° F. or less so that
the parts are frozen solid. Thercafter, the frozen parts are
packaged for shipment and sale fo snd consumers for both
lmstitutional and reiail markets.

bo a second smbodiment of the presemt inveation, cut
pouliry broasts are processed. Typically, the poultry breasts
will have been dsboned prior to being deposited on the
pasteyrizing line. The breasts initially are placed In pouchss
or pockets formed between sheets of 5 thermoplastic mate-
tizl. The sealed packages thereafier are moved into a heating
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unit, wherein the packasges are sxposed o relatively Jower
heats of lsss than 200° ¥, for spproximately 15-20 ruinutes.
This ensbles boat to thoroughly peneirate the breasts to
pasteurize the breasts and eliminate any bacterial contami-
pation therein. The packages also vefain the natural juices
and/or any marinade solution injected into the parts within
the packages io maintain the moistness and favor of the
broasts,

After being pasteurized the pouchss ame doused with eool
water sprays of approximately 60° F. to 70° F. for approxi-
mately 510 mioutes © reduce the temperature of the
pouches to approximately 60° F 10 70° B Thersafler, the
pouches are moved biio a mechanics! froezing station where
the breasis gre frozen o approximately O° F. Thereafier, the
pouches are packed for shipment for sale through institu-
tional and retsi} channels,

The resultant pastenrised, packsged breast products
require much less preparation and serve time, as it cap
typically be prepared and served in spproximately 7-8
minutss and can be cooked by simply placing the pouch in
hot water so that extensive cooking saquipment {s 5ot nesded.
Thus, the packaged breast products formed by the second
embodiment of the present invention are safe and versatile
to enable them to be cooksd and served without requiring a
full kitchen set-up for the preparation of the breast product,

Accordingly, it 18 an objedd of the present invention i
provide 3 mcthod of pasteurizing mest products without
adversely affecting their appearance, taste, texturs and gual-
ity

Another object of this invention Is 10 provide a method of
preparing prepackaged pasieurized mest products ia which
contamination due to bactoria within the meat products has
been essontially climinated 1o provide » safer product that is
easier to prepare and serve Yo the end consumer.

Another obiect of this invention is to provide an iaproved
wmethod of preparing prepackaged meat products, requiring
substantially less preparation and serve tims by the end
CONSUIEE,

Another object of this Invention is 1o provide 8 method of
preparing propackaged meat products which are pasteurized
i essentially eliminale bacterial coatamination thercin,
while retaining mosiness and Havor of the products,

Still another object of the present mvention is to provide
a method of preparing prepackaged meat perls, in which
rueal parts of substantially different sizes and weights can be
pasieurized together, with cach part being substantially
evenly heated, 50 a5 10 not require segregation of the parts
by size and weight prior to pasieurizing.

Still another objoct of the present invention is to provide
a process for preparing pasteurized, prepackaged meat prod-
ucts having a mors attractive sppesrance and an improved
lasie and {exture,

Various otber objects, features and advantages of the
present invention will become apparent o those skilled in
the art upon reading the following detailed description when
taken in conjuaction with the accompanying drawings,

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 i a schematic illusiration of a first embodiment of
the process for pastenrizing meat products according to the
present invention.

FIG. 2 is 2 side clevational view schematically illustrating
the marination sed masseging of the parts o distribute the
marinade sohution throughout the pars,

FIG. 3 is 2 side elevational view schematioally illustrating
the forced sirstreams of the heating uoit impingiop against
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and passing the meat parts about as well 15 the leakage of
juices, eto. from the paris af higher clovation basting the
parts at lower clovations.

FIG, 4 is respective iHustration of the formation of the
pouches in which poultry bressts are placed and sealed for
pasteurizing according 0 a sccond smbodiment pressnt
invention.

FIG. 8 is a schematic tllustration of the second embodi-
ment of the process for pasieurizing cut meat paris according
i the presend invention,

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

Referring now in groator detail {o the drawings in which
fike oumerals imdicate liks parts throughoul the several
views, FIG. § schematically ilustraies & first smbodiment of
the process according io the present invention for heal
fregting, or heal provessing and thersby pastourizing ot
meat producis or pars 1, In general, the meal parts 18
comprise cul seclions or scgments or carcasses such as
pouliry carcasses, besl or pork. For example, the process of
ihe present invention can be wiilized for heat weating, heas
processing and ihereby pasieurizing poulty paris for
packaging, shipment and sals lo relall and institutional
buyers. Thus, the paris wonld include breasts, thighs,
drumsticks, backs and fillets or tenders of meat all boing
processed ogether,

In the firs! smbodimeni of the present invention shown in
FIG. 1, the pans 1 generally will be transporied direcity
from a cutoup lne {not showa) fo a pasteurizieg Hoe 11, The
paris need not be segregaled by size or weight prior (o being
placsd on the pasteurixing lne. Instead, the present inven-
tton snables parts of different sizes, and lrregular shapes, i.e.
the leps, thighs, breasts, et of poultry carcasses o bs
processed logether withoul regard to differences o the size
or shapes of the parts. As shown in FIG. 1, the pastourizing
Hine 11 includes a series of conveyor line 12 which carry the
parts 10 through s series of processing stations 13-19 as the
parts are moved zloog a processing path indicated by arrows
21, The parts are fed onto the pastourizing lpe 11 ot an inlet
end 22 of the pasteurizing lne by ransfer means suck 25 2
copveyor or slide 23, The paris proceed through ibeir
various processing stations 13-19 for marination, pasteyr-
izing and freezing of itbe paris sfler which the parts we
discharged from the pastenrizing line &t g dischargs ares 24
thereof for packaging of the frozen parts for shipment and
sale.

As shown in FIG. 1, as the meat paris 10 begin their

movement along the pasteurizing Hoe 11 and along the s

processing path 21, they intially sre moved ino the first
processing station 13 wherein the parts are marinated,
Typically, the first processing station 33 will comprise a
imjection typs marinating sysiems 38 having a series of
injection needles 33 mounted within 2 housing 32, A series
of parts 18 are moved into the bousing 323 whercupon the
needles 31 are moved downwardly into engagement with the
parts, plercing the skin and meat thereof. The needles injoct
a solution of water, salt and phosphates designed to maintain
molsiness or juiciness of the product during pesteurizing.
The marinade solution is injected inlo the tissues of the
parts, with the solution typicaily pooling in the pockets 33
formed adjacent the points of entry of the needles. It will
also bes understood by those skilled in the art that other
blends of marinating solutions can be used with the present
invention (o mannate and provide moistess/uiciness 1o the
meal paris. Further, other methods of mennating the paris
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such as emersion of the paris in merinating sofutioss can be
vsed in place of the injection marinade system of the prosent
Invention,

As FIGS. 1 & 2 iliustrate, once the parts have been
injocted with the desired amount of the marinade solution,
the paris thereaffer are mowved Do the scoond provessing
station 14 in which the parls are massaged. The second
processing siation 14 is » Bipping siation that includes at
teast two sets of Hipping conveyor sssembliss 36 & 37, Rach
of the fBipping conveyor asscroblies generally includes a
substantially C-shaped first Hipping conveyor 38 having an
endisss moving conveyor bell 3%, and including 2o inclined
upper run portion 48 with a proximal end 41 and 8 distal end
42, and & Jower run 43 that sxiends substantially horizontaliy
and has 3 proximal snd 44 and & distal end 48, A sscond
Ripping copveyor 47 is received between the upper and
lowsr runs 48 & 43 of each of the fist Ripping conveyors 38,
sxtending downwardly st an angle substantially parallel o
be wpper run 40 of conveyor 38. Hach second fipping
conveyor 47, like cach fivst fippiog conveyor 38, includes
an endless moving conveyor belt 48 and has an upper run 49
on which the parts are received and moved downwardly and
rearwardly along the processing path 21 towsrd the proximal
ends 44 of the Jower runs 43 of the first flipping conveyors
38, aod proximsl and distal ends 81 and 52,

As illusirated in FIOS, 1 & 2, as the meat parts 16 move
along their processing path 21 through the massaging station
14, the parts are moved through a series of fiips. Generally,
the parts are moved through four (4) Rips as the pasts are
passed beiween the first and second flipping conveyors of
the flipping conveyor assemblics 36 & 37. Initdally, the pasts
are moved through the frst fippiag conveyor assembly 36
which tends to Sip the parts onfo their top from their bottony
sides as the parts are moved off of the distal end 42 of the
upper rn 48 of the frst fipping conveyor 38 onto the
second flipping conveyor 47 in the divection of the srows
53, Theresfier, the inveried parts are moved dowowardly
along the upper run 49 of the second Ripping conveyoy 47
woward its distal end 52 whereat the parts are flipped over
and downwardly onto the Jower run 43 of the fiest flipping
conveyor 38 in the dircction of arow 84

The parts thereafler are transferred from the distal end 4§
of the fower run 43 of the first fipping conveyor 38 of
Hipping conveyor assembly 36 onio the proximas] end 41 of
the upper rue 3% of the st fipping conveyor or flipping
conveyor assembly 37, and again sve moved upwardly at an
angle aud ayre Hipped over and downwardly onto the upper
surface of the sscond Ripping conveyor of flipping coaveyor
assernbly 37 in the direction of arrow 56, The parts then are
moved off of the distal end of the second Hlipping conveyor
of fipping conveyor sseermbly 37 fipping over and down-
wardly in the direction of arrow 57 onto the lower rug 43 of
the first Ripping conveyor 38 of the flipping counveyor
assembly 37, Such flipping motion tends 1o massage the
meal parts 18 so as fo canss the pockets 33 of marinade
solution to become dispersed throughout the meal parts as
ihe tnesi paris are Sipped from side 1o side as indiceied in
F1G. 2. 1 fmntber will be understond thal other means for
massaging or tumbling the meat parts can be vtilized as well
for applying pressure and causing the distribution of the
marinede sohtion through the meal pans.

After the marinade solution has been distributed through-
out the meat parts, the parls are moved from Ripping
conveyor assembly 37 through a third processing station 36
{FIG. 1}. The third station 16 comprises sn inspection station
for the parts and includes an clongated conveyor 88 along
wiich the parls are couveysd for inspection. The meat parts
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also generally are reoriented in the third station 16 so that
their skin sides are facing upwardly. This ensures thai the
skdn sides of the parts will be facing npwardly as the paris
are moved into the founth processing station which com-
prises 2 heallng woit 68 so thet as the parts are moved
through the beaning unil, the juices that sweal or weep out of
the paris as the parls are cooked fall downwardly onto the
uncocked products below and tend to basie the skin and
meat of the meat parts for moisiness and natural favoring.

As FIG. § illustrates, afler being inspected and reoriented
with their skin sides facing upwardly, the meat parts are
moved inino & heating umit which comprises the founh
processing statton 17. In general, the healing unit 68§ com-
prises & large indusirial heatiog unit such as, for sxample, a
heating unit model GCOT6 manufactured by the Steln Com-
pany of Sandusky, Ohio. The hsating vt includes a spirsl
flighted conveyos 61 that is substantially helicelly shaped
and extends upwardly in a helical fashion from a lower inlet
end 62 al the lower end 64 of the heating unit §8# upwardly
1o an outlet 64 at the top or upper end 66 of the heating unit
£, The spiral conveyor typically is formed from 8 metal
mesh or stilar material so as to be capable of withsianding
high temperatures without buckling or being destroyed. The
conveyor further is perforated to enable juices, ¢ic. which
are excroted from the mest paris to pass through the con-
veyor and drip downwardly omto the meal parts at the lower
clevations as indicated in by the dashed lnes 67 in FIG. 1,

As shown, the meat paris snier the heating unit §8 at the
lower end 63 or botlom thereof, and wre progressively
moved upwardly in s spiral path toward the top 68 of the
beating unil. The heating unit geoerslly is heated © tem-
peratures of 200° K or less, and prefersbly in range of
between 195% F 1o 200° E, o heat freatl or processes and
thereby pasteurize the parts as they are moved through the
hesting unit. The parts can be heas reated or processed using
dry aiv, 100% steam, or a mixtwe of dry air and steam as
desired for maintsining the moisiness eic, of the parts, The
parts gensrally are so irsated for approximaiely 45 w 50
minuics unitl pasteurized.

In order to pssteurize the paris thoroughly, the parts
furiber are subjecied to heatsd avfows or airsireams, ndi~
cated by srrows 68, that are directed against and around the
pasts, Such impingement of the parts with the bhealed air-
flows further countributes to the desp, cven poocteation of
beat through the parls. As & result of such increased pas-
teurizing Himes af lowsr heating femperatures, the meat parts
are pasteurized throughoud 50 as 10 cause (be entire parts,
mohiding the meat and bonss thereof, to be deoply and
svenly heated, Accordingly, any bacterial contaminalion
within the mest and bones of the meat parts is cssentially
climinated. Further, the blood and marrow within the bonss
of the paris is denatured and the bones are caused o turm
while 50 2s o further reduce the chances of bacterial
sontamination aud 1o provide the parts with a more pleasing,
appelizing appsarance.

Al the ssme lxme, moving the parts from the lower
elevations of the heating unit vpwardly io the upper eleva-
tions of the heating woit for cocking Rurther tends fo reduce
the chances of the parts being exposed to bacierial contarmi-
nation within the heating unit its=if dus 1© leakage of juices,
which might inchude soms contaminating maserial, from the
raw parts 88 they are initislly Greated or processed. The
feakage of juices from the pasteurized parts, however, tends
15 baste the raw or unpastsurized parts withou! the danger of
contaminaling parts so as 10 further Savor and maintain
moisiness and juiciness of the parts. This results in & safe,
easy {o handle product that retains a pleasing appearance and
taste and in which the moisiness and juiciness of the parts is
maintzised,
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Afrer belng pasteurized, the meat parts 18 are moved from
ihe heating unit 8 inlo 2 precooler 78 thai forws the itk
proceasing station 18. The precooler generally comprises a
chilling or cooling chamber 71 through which the parts are
moved snd cooled from their heated pastewrizing tempera-
iures of between 195° B o 200° F. The pasts are exposed o
iemperatures typically in the rangs of ~20° F. 0 0° F or less
for spproximately 30 o 40 minutes. As a result, the inleraal
femperature of the parts is lowered 1o approximalely 40° F,
o 50° F. o help seal in the moisture 2od thus the natursl
flavoring of the parns.

Once the parts have been substantislly coaled fo approxi-
mately 40° F. 1o 50° ¥, the perts are introduced inlo the fina)
processing station I8, which comprises a freezing unit 7%,
The freezing unit 78 is an open ended undi having a cooling
chamber 76 with open inlet and outlst ends 77 and 78 and
through which the pasts pass in a substantially scrpentine
path. In the freezing unit, the parts are exposed 1o lguid
mitrogen for approximsiely 20 1o 30 minutes, Such exposure
to Hauid nitrogen reduces the core temperatares of the parts
to approximately §° F or less, The parts thus ars frozen salid
as they move through the freezer fo preparc the parts for
packaging for shipment and later sale.

The carrying out of the freezing process in two sieps
wherein the parts are first precooied to approximaiely 40° F,
to 50° F prior to being frozen solid provents freezer burn and
advantageously enables the moistuess and juiciness of the
paris to be retained within the parts after being frozen.
Typically, as freshly pasiourized parts, which generally sre
of the tempersfure of approximately 200° F or greater in
conventional processes, are exposed to a Hguid nitrogen
snvironment, such as in 3 freezer, the parts tend to become
frozen very auickly. However, such extrewe low tempera-
fures further tend 0 canse the jujess within the parts to leak
or migrate lowards the skin, tonding 1o dry out the producs.
This affects the taste and comsistency of the producis when
cooked and served by be end user. Progressively lowering
the temperature of the parts prior o freezing avoids the
potential for (e marinade and juives within the paris 1o be
leached out of the parts or drawa 1o the skin as ocouss when
hot, just covled producis are mmediziely frozen. The pre-
cooling thus svoids the parts becoming dried out and affeot-
ing their taste and fexiure as they are thercafler moved
through the final processing station 1% for freezing.

The resultant product formed by the process of the present
fnvention thus is substantially cleaned of bacterial contami-
panis so as to make the product much safer to handle and
consume by the end consmmer, In addition, the product
formed by the present invention can be propared and served
by the eod consumer in approximately 7 to 10 minutes, snd
provides a meist, flavorful product that has a very pleasing,
appetizing appearance with the booes of the product being
white and clean looking fo appearance, The product can be
served on a largs institational basis in a much more rapid and
sfficient manoer than conventional guick frozen products,
without sacrificiug any of the tasie, moistness, or appearance
of the products, and which furtber provides s much safer
praduct, in which the dangers of bacierial contamination
thereof have been substaniially eliminated.

DESCRIPTION OF SECONID PREFERRED
EMBODIMENT
FIGS. 4 and § ilustrate a second embodiment 166 of the
present invention in which pouliry breasts 101 are ssaled
and pasteurized in sterils pouches or packsges 192, As
shown in FIG. 4, thes pouches 182 are formed from shests of
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a thermoplastic filrs 103 such as 2 0.5 mil polypropylene/2
mil Surbyn, or either thermoplastic resin to 1.5 mil
polypropylene/3 mil extended Bhm such as is sold under the
rade name Winpak OPSU 12303 or PSU 3875, which is
flexible and can be scaled substantially alr and moisture
tight. The pouches generslly ars formed by first drawing
pockets 1M within & first or lower sheet 3186 of the ther-
moplastic film material. The pockels are formed, for
exampls, by the application of & vacunm (not shows) or by
drawing the pockets Into 3 dray or 8 mold (ot shown) over
which the lower sheet of flm 196 is being passed as it s
moved along & processing path in the direction of arvow 107,

The pockets 184 formed in the Jower sheet of flm 166
generally are sizsd and shaped so a5 1o fit the poultry breasts
therewithin and 1o scoornmodate poultry breasts of varying
sizes, Typically, the breasts previously will bave been deb-
oned prior 1o being placed within the pockets as Hlustrated
in FIG. 4. Howevar, it will be understood by 1hoss skilled in
the art that bone-in breasts additionally can be used within
the pockets for processing in the method of the present
mvention. After the breasts have been placed in the pockets
104 formed in the lower sheet of film 106, an upper shest of
thermmoplastic film 108 is placed over the lower shiget of flm,
covering the breasts as shown in FIG. 4. The upper sheet of
film is fed from a supply 189 downwardly over the top of the
fower sheet of filoe and s sealed against the lower sheet of
film suck as by 3 vacuum means to forrn the sterile, sealed,
pouckes or packages 182, The sealed sheets of thermoplastic
fitm 196 and 108 thereafier genorally are out such s slong
fines 131 to separate the pouches from one another, The
segmopted pouches are then placed on racks 112 (FIG. 8) for
pasteurizing.

As shown ip FIG. 8§, the racks ¥32 with pouches 142
containing poultry breast 38 are placed v 4 heating unit 115

for pasteurizing the pouliry breasts, The beating unit 115 .

typically is s smokehouse typs healing unit haviog a large
pasicurizing chamber 116 in which the racks 112 van be
placed, or which as an altemative can include internal racks
on which trays of the pouliry breast containing pouches can
be placed for pastenrizing. Omes the pouches have been
placed within the pasteurizing chamber 11§ of the besting
unit 115, the doors 137 of the heating unit are sealed and the
heating unil is heated 1o approximately 190° F. wo 200° F,
The heat further is typically dirscted about the pouches in
heated, forced airflows or sircams of dry air, 100% steam or
a mixivre of dry sir and steam, as indicated by arrows 118,
The pouches are maintained in the heating unil for spproxi-
mately 15 o 20 minutes,

Conventional cooking methods for poudtry bressts typi-
cally cook the pouliry breasts at temperstures significantly
greater than 200° F for less than balf the tme of the
pusteurizing process of the present igvention. By pasteurize
ing at a lower heat of below 200° F. for an increased tims of
15 1o 20 minutes the present invention euables a thorough
ant sven penelration of heat throughout the pouliry breasts.
This ensures that the poultry breasts are evenly and com-
pletely pasteurized o substantially ¢liminate any bacterisl
contarpinaiion thersin, Additionally, tbe ssaling of the poul-
try. breasts within the pouches further tends 1o seal any
natural juices and/or marinade solution within the pouches
30 that as the breasts are pasteusized, they tend 10 marinats
thomsclves in thelr own natural juices so that lbey ars
naturally basted and thus their natural flavoring is sealed
therein,

Afler the pouliry breasts have been pasteunrized, they are
then precooled in the heating unif 118, As shown in FIG. §,
a seriss of showers 123 are mounted within the pasteurizing
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chamber 118. The showers spray the heated pouches 183
with chilled water sprays, jadicated by dashed loes 124 for
approximately § o 10 minutes, The waler sprays chili the
pouliry breasis to approximately 60° F 10 70° R prior to
froszing of the pouchss and their breasts. The pouches 182
containing the pasteurized poullry breasis 183 thereafier are
moved from the beating upit 115 info 2 freerer 126, The
freczer §26 gonerally is o mechanical blast freezer in which
the pouches are received and are exposed 1o wmperatures of
0° F. or Joss for approximately 4 {0 5 howrs. As a result, the
pouliry breasts are frozen solid in a slow freczing process so
28 10 seal the natursl juicss snd flavoring within the pouliry
breast while avoiding freczer bura and loss of moistness and
taste, Therealier, the frozen pouches and their poultry
breasts are packaged for shipment and sals,

The resuliant pasteurized pouliry breast product formed
by the proosss of ths second embodiment of the present
invention thus is safer end sasier to handle and prepare by
the end copsumer than products preparcd by conventional
cooking processes es sny bacterial contamination there-
withins essentially has besn removed during the pasteuriza-
tion of the poultry breasts. Additionally, the pouch sealed
pouliry bresst products formed by the process of the present
inveption are extremsly versatile in that the cooking and
preparation of thess producis can be done by tbe end user
sither on a grill or in ap oven, or even can be cooked by
emersion of the pouch in hot water with {he time o recon-
siitule the poultry breasts generally being less then 7 10 10
minutes. Thus, the poulity breast products formed by the
process of the present invention san be quickly and easily
prepared sud served (o 8 consumer without requiring g full
kitchen sel up of 2 grill, sle. o cook the pars. This
significantly reduces the amount of cooking equipment need
by restaurants, ¢ic by reducing preparstion and service iimes
for the product,

Various foatures, modifications and advaniages of the
present ipvention will become apparent to thoss skilled in
e axt upon reading the following detatled description when
taken in conjunction with the accompanying drawings.

What is claimed s

1. A wmethod of preparing packaged, pasteurized meat
parts comprising:

placing the meat paris on 8 first shest of thermoplastic

material;

placing & second sheet of themoplastic material against

tse first shest to seoure the meat paris wilhin pouches
of thermoplastic material;

heating the pouches with the meal paris therein for 15 w0

20 minutes al temperatures of less than 200° F 1o

pasieurize the parts throughout 1o substentially elimi-

nete any bacterial contamination within the parts to

provide a safe to bandle and conserve product;
precooling the pouches with the paris therein; aud
freezing the pasds in their pouchss,

2. The wmethod of claim 1 and whereln the sieps of
precooking comoprises spraying the pouches with water
SPrBYS.

3, The method of claim 1 sud wherein the pasts includes
poultry breasts and the step of heating the pouches corn-
prises placing the pouches with the breasts therein i an oven
for approximatsly 15 1o 20 minules,

4. The method claim 1 and further including e steps of
forming pockeis within the frst sheet of thermoplastic
material in which the meal parts sre received,

* ¥ * »* »
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Background

The concept of compositing
It is widely used in the
for chernical and

of samiple units is not new.
preparation of analytical samples
physical analyses because by efficient
blending of a number of sample units, an analvtical sara-
sle can be taken that is more truly ‘representative’ of a
Tot’ (Patil 2002; Anon. 2003). The
is to generate a sample that will be more ‘typical’ of a
batch than will jndividual samples tested sepavately as the
‘between sample’ variance is reduced and the analytical
by the true composition of the
lot. Such procedures have been used widely in chemical
analyses nchuding those for itrace contaminanis such as

effect of compositing

result reflects more close

mycotoxins in feods, for generic assessment of microbial

studies
that these

populations in soil and water, for environmental

of avian faecal microflora, etc. Note, however,

analyges are quantuatwe in nature,

When a quantal analysis is used, ie. one that is based

on the presence or absence of a specific chemical or

mitcrobial contaminant, the ability of the test procedure
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Table § Some European iegislative food safety criteria (Anon. 2005)

Compositing sampies for microbiological testing

Micro-organ n ¢ Test mathod Comment

Setmonsilz spp* 30 0 Absence in 25 g Anon. (2042) Products placed on the market during their sheli-ife
Enterchacter sakazakii 20 0 Absernce in 25 g Anon, 2006

Listeria monocytogenast 10 0 Absence in 25 g Anon. (1996)

71, numper of sample units; ¢, number of sarmpla units permitted to excead the defined limit.

*Dried infant formulae.

tReady to eat intant foods.

1

t at a meaningful lev
mount. When sample units have been composited, this

to detect that contamina vel is para-

issue becomes even more critical. For instance, if 2 25-g
sample unit contains a single viable target organism and
that sample unit is composited with nine further sample
units each of which is free from the target organism, then
the overall incidence of contamination is reduced from
one organism i 25 g to one organdsm in 250 g. So the
critical issue is whether or not the test methodology can
detect such a low level of contamination.

The work of Silliker and Cabis {1973} was quoted by
ICMSE {1978) who daimed,
may be combined or
for testing purposes’.

‘muftiple analytical units
“lumped” to provide larger units
Furthermore, they stated, ‘60 25-g
units sefected from a particular product lot may be com-
bined ... to produce three 500-g samples for analysis. If
. then the infer-

all three 500-g samples are ... negative .
ence is that the level of Salmonella is no greater than orne
in 500 . This stateraent is at best an over-simphfication.
Silliker and Gabis (1973 that if the test
raaterial has a high level of contamination, then compos-
iting made no difference to the results obtained, but at
lower levels of contamination the
ples could give rise to false-negative results.
recently, TCMSF {2001) withdrew somewhat from thelr
earlier position and siated, Numerons studies since 1974
have continued to demonstrate the merits and Jimitations
of compositing. Experience may vary for different food-
s and analytical methods, indicating
nd validation that compositing is

) actually showed t

use of composited sam-
More

pathogen comtbinations
a need for caution
acceptable’.

Cuantal analysis for the presence or absence of a spe-
cific organism is predicated on the ability of the test pro-
cedure to detect a very small oumber of the tfarget
organisms in a defined quantity of sample. Usually, such
tests involve nonselective pre-enrichment culture followed

sequentially by transfer of an inoculum to a selective
medium,
agars and, finally, purification of organisms giving typical

reactions and their subsequent identification. Whether or

enrichment plating onto selective/"du Zaostic

raent stage, or iondeed frora the envichment stage, will
depend on:

i. The initial level of comtarpination of the test saruple
it by both the target
organisms;

. The iunital condition {e.g sublethal damage) of the
target organisin and the competitors; and
i, The growth kinetics (length of lag
growth rate, etc) of target and competitive organisns in
the conditions of the test (time, temperature, presence of

organism  and  competid

phase, specific

inthibitors, etc.}

Possibly, the maost iraportant praciical issne s the per-
iod of incubation of the pre-envichment culture. Short
incubation periods may not provide sufficiert time for
adequate recovery and growth of sublethally damaged tar-
get organismas {Jarvis 1989). Growth of the target organ-
ism muost reach a critical
reasonable doubt’ that the organism will be transferred

froma the pre-eprichmient stage to the eorichment med-
tun. In nyy view, this requires at least a 99.9% probability

fevel such that it 1s ‘heyond

that onie or more viable organisms will be transfecced in
distribution of organ-
isms in the pre-envichment culture, the probability of not

the inoculum. Assuming random
transferring any organisms (P .,) in an inoculum
of 1 ml can be derived from the
ion. Table 2 gives the probabilities for P o and P
for different levels of viable culture. To be
certain of transferring at least one organd

Poisson  distribu-

organisms in a

m in 1 ml of

the pre-enrichment culture requires an average level of
occurrence of at least seven viable crganisms per ml
Similar considerations
the transfer of organisms from envichment
diagnostic agar plate.

Suppose there is one sublethally damaged target orgao-
ism per 25 g of sample diluted infto 225 i medivm; to
ven target organisms per i of incubated
pre-enrichment culture
1750 corganisras per 250
feast 11 generations (2

1

ne mgamsn‘x passes
ta)

of the culture apply also to

culture o a

obtain at least se
requives a3 total population of

fou}

ml culture. This will require at
= 2048 > 1750} of the organism

once t from the lag phase into the

ot a specific orgapism is transferred from the pre-enrich- exponential growth phase. Depending upon the incuba-
® 2007 The A
Journal compilatio ety for Applied Microbiclogy, Letters in Applied Microbiology 85 (2007) 562-598 593
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Compaositing samples for microbiological testing

Table 2 Statistical probability of transferring less than, or greater
than, cne viable organism in an incculum of 1 ml, as
of the tar Jr’T 1in a pre

ing random
-enrichment cultura

.'J

Fgan

Propability that 1 mi of inccutum will

J VEN "‘ll '{ e . .
Average fevel get contain

s per mi of
nant culture

0 orgarisms 1 or more organisms

i 0368

2 0135

3 0-050

4 0018 3982

5 0-006 -89%4

7 0001 09949
10 <(-001 >(-8e9
20 << 001 »0-9599

tion temperature and the possible inhibitory effects of

this roay require moore than 12-h
t medium {Jarvis 1989},

one viable organism in

corapetitive organisms,
incubation of the pre-enrichment
If the inoculurn were smaller (e.z.

250 g of composited sample}, the minimum incubation

time could be longer than 12 h.
Siratlar constrainis apply also o newer developments
in microbiological test procedures, eg. the use of

mnmuno-raagnetic beads as an aid to yuore rapid isolation
of target species and even PLR techniques require a mini-
werable DINA to de

mal amount of rece tect an orgsmism.

Micmhiaiagicai test procedures

wo key issnes need to be considered: the sensitivity (L.e.
Ehﬁf level at
dete ted) and the specificity of the procedure. For quanta
sts, both sensitivity and speci
dure that is capable of detecting, say, one viable cell of a
specific organism 1o a defined quantity of a food material
may not be capable to
the que

which a target orgamism can be reliably

fictty are critical. A proce-

detecting one viable organism if

ntity of the test wmaterial is dncreased 16~ or
20-fold mrough compositing of sample units. The more
sensitive the test, the lower the level of organisms that
is ;l}&(.’"’ 1o be detected under the conditions of the test.

detect only the chosen

species or strains of an organism and will not detect clo-

est that is highly specific will 4

sely related organisms that may be of equal importance in
relation to food safety. Such a test procedure may there-
fore be um‘eliable as it is likely to lead to genuine “false-
negative’ resulis. A procedore that has low specificity may
detect related strains of organism that are not of public
health concern, creating “false-positive’ results. To be of
practical value in food microbiology, the method must be
capable of detecting the ‘raost significant’ strains of the
target organistn at a low level of contamination. A

method designed to detect the presence of high levels of

594
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specific pathogens in heavily contaminated material, e.g
facces, may i)e >t Hmited value in seeking to detect very
low, but possibly significant, levels of the organisms in
foods.
Unfortunately,
limitations and

alwavs detect the target organism if it is present in a

practitioners sometimes igaore such

assume that a standard procedure will

sarnple

Microbiological sampling plans and oriteria

Criteria, such as those defined by Aunon. {20053} using

presence ot absence tests for specific (srganis;r&s, are based
on two-class sampling plans. In general, sampling plans
for pathogenic organisms such as salmonellae require that
organisms should be detected 1o 2 given quan-
product drawn

fn a few cases (eg. for coagulase-positive

no farget
tity of each of several sample units of
from a lot.
staphvlococct), a less stringent plan may be used.

The stringency of the sampling plan is dependent on
the nuraber (n) of sample units of a given size {weight,

rolumie) 1o be tested and oo whether one or more sam-
\

} can be accepted if a positive result is found. A
r=5 {or more), ¢ =0 if

pies {c
sample plan is desigoated as eg.
acceptable. However, there are two

d to be understood:

no positive results are
primary cousiderations that nee
1. Any result that can be
sult is governed by the binomial distri-
bution; hence, the stringency of the sampling plan will be

classihed ou the basis of a pres-
ence or absence re
increased if » is large (Table 1) but no matter how many
saraple upits are tested with negative results, it can pever
be stated unequivocally that the lot from which the sam-
ples were drawn is totally free fom contamination by the
target organism, although confidence limits {CLs) can be
established on the “zero” result {see below).

H. The typical application of the binomial distribution is
target orgatisras
¢

homogeneously  (l.e.

.

predicated on the assumption that the
will be distributed
throughont the sample and that there is an equal oppor-

randomly)

tunity for any sample unit to contain the target organism.

In practice, such even distribution of low numbers of
pathogenic organisms 1n food products occurs only rarely.
Diried milk powders, infant formulae and chocolate are
but some of the foodstuffs where there is evidence of

microblal clumping in a small proportion of the lot

Thus, more accurate models that accounnt for the noo-
homeogenous distribution would depend on having some

understanding of the custering, which, in

if a homo-

knowledge or

most applications, {s not available. However,

geneous  distribution  of organisms  throughout  the
material being tested 1s assumped, then it is possible to

express the probability in terms of the assumed constant
organism density, using the Poisson distribution.
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The stringency of sampling plans

The data in Fig. 1 illustrate the statistical probability
for acceptance of a product (ie. the probability that no
positive tests are obtained) for different ksvse]s of ‘true
prevalence of defective units in the lot . prevalence
of contamination) and the numaber of sam*ﬁa anits {#)
tested. If negative results are obtained on 30 sarmaples
and the ‘true’ Likelihood of
accepting the product is 55% (conversely, the probabil-

prevalence is 2%, the

ity of rejection {s 45%;), but if oaly bve samples are
sted the probability of accepting the product is 90%.
Siroilarly, if the lot contains 10% ‘toue’ defective onits,
then the likelihood of product acceptance after testing
30 sample units with negative results will be only 4%,
but if five samuples are tested the likelihood of accep-
and if only one sample is tested, with

is a 90% chance

tanice is 59%
negative vesult, theve
lot with 10% ‘“true’
from a

of accepting the
defectives. These data are obtained
rearrangersent  of the binomial distribution

equation:
(t—-d)" (1)

Py = 1

where d is the true prevalence of contamination of the lot
and # is the number of sawple units.

2

rebability of acceptan

il
¥

Compositing sampies for microbiological testing

In seiting a criterion for the number of samples to be
tested, an assomption is made abouwt the jnddence of
‘rue’ defective (i
acceptable 1n relation to the nuraber of re

e. contaminated) sample units that are
tests that
can reasonably be performed. For iustance, a criterion

),Lcm

having a sampling plan of n = 30, ¢ = 0 would be likely
or more defective units
with a better than 959% probability. Por any given true
prevalence of salmonellae in a lot and assuming the dis-
tribution of contaminated units amongst a lot is random
and then by rearranging eqn (1), we can deterroine the
nuntber of sample units {n) that it would be necessary to
test for a defined incidence of contamination and

probability:

to reject a product having ]()0“

a given

n=log, (1 — P;jx>0),\)/ log,,(1 — d) (2)

If a lot contains 1% defectives {4 = 0:01) and

P oy = 0095, we can use eqn (2) to caleulate the nurm-

ber of sample units () that must be tested to have a

95% chance of obtaining at least one positive resuit:

Table 3 sumimarizes the minimum numsber of samples
to be tested for different levels of “true’ contamination o
be able to give at least a 90% assurance that the sample
units tested are not contaminated. Even if all the test

results are negative, little statistical assurance of freedom
frora contamination cas be given for small oumbers of
samiple units tested.
it all sample units test uegative, then it {s possibie to
assign CLs for the true prevalence of contamination,
reflecting the upper bound of the contarniuation

preva-
These Cls are

lenice at 2 given confidence level {1 — ).
bounded by 0 and P, where P, is chosen so that if the

e {ested with negative results in
% of 99% assurance that the
sample units comply with a criterion for freedom from a defined tar-

et organisim in a given number of sample units [based on egn (2)1

Table 3 Number of sample units 10 &
=

rder to be able to give 8 90%, 9
y

(_\

[t}

Number () of sample units required

True inc i be tested
defective sample
units (%) Primm =090 P w oy = 095 Po ooy = 9%
10 22 283 44
P = . 5 45 58 S0
¢ 5 10 15 20 . - Jn
2 114 148 228
% Prevalence of target organism 1 220 98 458,

: L ) 5 459 598 §19
figure 1 Operating characieristics cuwe's foz‘v pr:cbab:my- for accep- 04 5301 2594 AB02
tance of samplas having & pravalence of contamination from 0% 1o 005 2604 5900 9208
20307 - e e omnars { Y 3 A T
20% ('H\j various numbers (M of ;sc‘mp!._,. ey o from n= 1 {8, a0 23 025 20 955 46 049
= 5 {8 n = 10{4) and n = 30 @&
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Compaositing samples for microbiological testing

then the probability of the obser-
vation of no positive resulis 10 # saroples s equal to o
Thus, P, satisfies

true prevalence were P

iy

, o .
(t—F) =« (3)

1

oy rearrangement:

=

We can solve this equation for P,

- \*/ O,)

For exaraple, with # = 30 and « = -05, we obtain

P, (%) = 100(1 —

For this examuple, the Cls of 0-95% provide a 95%

confidence of enclosing the true prevalence of
contarmination (%), In other words, i the same

anmipling and ing p ure was rep very
samipling and testing procedure was tepeated a very

large ouraber of times, then interval would be

5%

this
ont 95% of occasions; but on
xceed 95%

expected to enclose

of occasions the vajue of v would {by an

unknown amount).

Heunce, if we test 30 x 25g sample units with
negative resulis, we have a 95% confidence that the

cidence of defectives would not exceed 9-5%; for

is equivalent to a

true in
I

25-g saraple units, this revalence
bel

level of four organisms kg™, However, if we test only
1 %25 ¢ sample wnit, then the 95% apper CL would

give a
Fuorther examples of 95%
Table 4.

possible prevalence of 120 organisms per kg

shown i

Tabie 4 Percentage defective ssmple units and maximurn contamina-
andorm  distribution of organism and
100% test ef.'
be detecte

target

tiveness {i.e.
d) {maod

assuming
sarnple would

any target orgarism in the
rvis 19893

ified from la

No. of crganisms par

% Defectives (t%)* at kg*+ at
Na. of sample
units tested (M) P, =385 P, =099 = (395 £, =099
1 950 599-G 120 184
2 77 90-0 &0 G2
3 735 40 &1
4 684 20 46
5 602 24 37
10 369 12 18
20 205 3] g
30 142 4 2
50 33 z 4
100 45 1 2

ves detected, the true incidence will not be more
wn with indicated confidence.
number  ar

ning no o

he values sho

nearest whole assuming  sample

586
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To composite or not to composite?

20 o

Suppose the criterion requires that 30 sample units each

of 25 g should be tested for the absence of salmoneilae
and the fest procedure is capable of detecting one viable

iella in a 25-g sample unit. To carry out the test, it
to inoculate X25¢g
225 mi volume of buffered peptone
pre-enrichmment medivm and after incubation for 18 h at

to subculture 1 ml of the pre-envichment culture
into 10 ml of each of two envichment roedia which are

9]
&
iend
3
[a TN
=
o D

be necessary each of the 30

units into a

37°C,

then incubated for 24 h, before subculturing onto each of
two diagnostic media. Afier incubation, colonies showing
typical characteristics need to be purified and tested to
confirm, or rule out, that they are salmonellae. Hence, for
d to
set up 30 pre-enrvichment cultures, 60 enrichment cul-

iad

a single set of 30 samples, the laboratory would
tures, 126 diagnostic plates and possibly as many as 600
identification cultures. This is an enormous workload to
provide evidence of compliance with a defined criterion
for just one set of samples.

To reduce this workload, it is sometimes recommended
that the initial sample units should be composited into a
smaller number of larger test samples. The
narios describe the
1. An dnvalid approach: Coraposite the 30 » 25 g sample
750 g) mto a single well-mixed sample and test

sarnple unit of 25 g With this option, only
one represenfaiive sarnple undt of 25 g is tested and a nega-

following sce-
practical implications of compositing:

units {i.e.

one analytical

tive result is rneaningless as the test has not complied with
the reguirernents of the citerion {ie. to test 3G x 25 g

At best, the statistics of this test wouid
with 95% (:(mﬁdenae, that the
would likely no

niegative resufts from all tests on

samiple umits}).
merely indicate, average
prevalence of salmonellae exceed 126 sal-
moneliae per kg {whered
30 samples indicate, w;th 95% confidence, a likely average
density of no more than four saimonellae per kg).

> approach: Compaosite the 30 % 25 g sam-

A compromi,
ple units randomly into three sets each of 10 x 25 g sam-
ple units and inoculate each 250 g composite sample {nto
i of pre-enrichment mediurn. After incu-
bation, carry out the subsequent cultivaton procedure
based on three pre-enrichment cultures. This approach is
valid provided the ability of the method to detect one via-
tefla in 250 g of product has been validated; if
not, then this compromise appt(szmh is ot pernissible.

My preferred approach {“wet’ compos
individual pre-enrichment cultures and after incubation
I ml of each of the 3
into 300 ml of each of two enrichment media. This would
then provide cowmposite eurichment cultures oun which
further work can be done. The original pre-enrichment
miedia can be stored, pending the outcome of the tests,

a volurne of 225

ble Salmon

i, iting): Set up 30

fransfer 30 pre-enrichment coltures

&
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at if a positive result is obtained it is possible to

r

such th

20 back to the original pre-enrichiment cultures to assess

by further testing how many contaniinated sanmiples are
D J

nt. The benefit of this approach is that the concept

of testing 30 samples has not been compromised, as com-
positing has taken place only after the first culture stage

Statistical considerations

i

Provided that the test procedure is sufficiently sensitive
to detect a single Salmonella i the
samiple, then from a statistical perspective there is no
differenice in testing T X 750 py, 3 X 250 pg or 30 X 25 p,
samples. But if there is any doubt as to the level of sen-
sitivity of the test procedure, then compositing shonld
using  the ‘wet’

larger guantity of

not be done, except corapositing

approach  where each individual sample unit s
pre-enriched separately.

Regarding the contention, given above: assume # sam-

ple units, each unit {7} being of size & grams with ao
organista density of &, organisms per g Then, pr(;vided
that the test procedure is sufficiently sensitive to dete
the organism if present, the probability (P, .. ¢} of a neg
tive result on any sample 7 1s given by the Poisson pmbu-
bility of finding zero organisms:

LSk
gy == &0 (3)

where 4; is the expected prevalence of contamination and

If 3; = 01 organisms per g and
k; = 25 g, then the probability of not dete
ism in the 25-g sample (assuming the
100% effective) is given by

k; s the size of sample.
cting any organ-

test protocol is

.

When the probability
5%, the product of the d,
sample size (g} is equal to about three organisms.
upper 95% CL of the deusity, given a uega-

3 divided by the sample siz
ple, with 25 g ested and a pegative re
95% limit density is 3/25 g =012 g~
per kg (Table 4).

The probability of finding a
units is the product of the individual probabilities for a
negative result 1o each unit:

d ctecting zero organisis is
v (organismas per g) and

Thus, the

tive resuli, 1 . For exam-
}, the upper

P =120 organismas

negative result on all =

Vo (=0}

Compositing sampies for microbiological testing

organisms per g respectively, then the total mgan;sm
count in the three sample units will be 2-5, 6:0 and 50
0 g, respectively. The probabﬂity of not
i 2 positive result in the individual sample units
82, 100 and 0-7%, rvespectively. The combined
probability of a negative result on the three sample units
will be given by:

organisms per 25
detecti
will bhe

O

This is the sarne probability (0-055%) that would be

found by using the m

an organism count {001 organisras
per g and multiplying by a 50 g. What these
formulae show is that, when the testing is 100*;’.0 effe
the probability of detection just depends on the total
quantity of sarople tested, not on th

k value of 7

clive,

e sumber of individ
ual tests.

¢t the tar-
{i.e. 0-00% organisms

However, if the test procedure cannot dete
get orgamism at such a low level
per g in a 750-g sample noit) then a differ-
ent sitvation pertains. Equation (5) i valid only #f it i3
assumed that the viable

corabinec

organisms in the k grams
not the case, then
another factor is needed to account for the possibility
that organisms would not be recovered.

-

wonld be recovered. If this were

For example, if
there were one viable organism in the k grams, we
could assurue the probability of its not being recovered
is ry; if there were two organismis, we could assume
that the probability of not recovering any
ry; and so forth, if there

bility of not detecting any

organisra s
were ¢ organisms, the proba-
of them would be r,. A sim-

plifying  assumption  {just o demonsuatse the
mathernatics) would be to assume that ry = ¥, for g

organismas. With this simplifying assumption, & can be
shown that the probability of not detecting any organ-
isma would be

where ¢ is the probability of not detecting a single
in the &k grams. In the ex mple given
that r = 0, Le. that any organism

rganism if present
above, it was assumed
would be detected if present in
750 g, ¢ wight uo longer be zero, but

25 g. However, for
rather sorne posi-
tive value. If this were the case, the probability of a neg-
ative could increase guite substanitally. For example, if
the density was (01 organisms per g and r = §:25, then
}361% compared
Hence, there

the probability of a
with 0055% when

negative result is ¢
r=40 was assumed.

To illustrate this effect, suppose that we have 3 X 250 g would be an increased factor of 65 of getting a negative
sample vuits with levels of §:01, 000 and -02 viable result.
@ 2007 The Al
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Compaositing samples for microhiological testing

Hence, unless the recovery of organisms is independent
of the volome being tested,
saniple will be less
stoaller quantities of samples.
seern likely to be safis

testing Jarger goauntities of
sensitive than testing individually
This condition does not

fred,

particudarly for large volume
would be incorrect to indi-
cate a possible level of i,omzaminzaizion when the sample

|

composite samples. Thus, {t

73

55
negative re&;uit*a ruight be due to the mability of the
method to detect the target organism, and thus such con-
clusions would be erroneous.

uitits are composites assuming 100% testing effectivene
ty t

Conclusion

Before compositing sarnples for testing, it is essential to

validate the test procedure for each food matuix to ensure
that the method sensitivity is sufficiently high to detect
the presence of the target organism in the incre
tity of sarapl
the method

wed quan-
e. Validation requires that the sensitivity of
must be determuined, ideally using naturally
contaminated food matrices, for the lowest possible level
of coramination that raight be encouatered o corupos-
In practice, this requires that the method is

1

ited samples. I
sufficiently sensitive to detect one viable Safmonela in the
largest quantity {e.g. ) of the food matrix
likely to be examined. If such a 'ivd of cont:
canuot be detected reliably,

RN

250 or 500 ¢
antination
even though one organism in
25 g can be detected, then no certainty exists that the

raethed i3 suitable for used with composited sample
units. Without such certainty, the test result may not

indicate the presence of cogtaminanis even 3f target
organisms are present in one or more of the original sam-
ple units. Such false-negative resuits will be grossly mis-
leading and the test protocol will not comply with the
requirements of the microbiological critecion. In such
the ouly reliable
Le. o commposite aliquots of incubated pre-
cultures  prepared form  each individual

circumstances, method is 1o ‘wet
compasite,
enrichment

sample unit.
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