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This material may be protected by Copyright law (Title 17 U.S. Code)

Sampling Plans, Sample Collection,
Shipment, and Preparation for Analysis

Thaddeus F. Midura and Raymond G. Bryant

21 INTRODUCTION

The objective of this chapter is to enable the user to obtain repre-
sentative samples of a food lot, submit the samples to the labora-
tory in a condition that is unchanged microbially from the time
of sampling, and prepare the samples for analysis. The procedures
described in this chapter apply generally to collecting, labeling,
transporting, storing, and preparing samples for analysis. For
specific information and discussion about sampling and analyti-
cal procedures for canned foods, see Chapters 61 and 62. Other
foods also may require special sampling and preparation proce-
dures depending upon the specific microorganisms involved. For
such procedures, see the chapters covering the relevant food types
and specific microorganisms.

22 GENERAL CONSIDERATIONS

Arepresentative sample that is appropriately transported to the
laboratory, and prepared for examination, is the first priority in
the microbiological examination of any food product. Laboratory
results and their interpretation are valid only when appropriate
samples are examined. Samples must be representative of the
entire lot of material under evaluation, must be the proper type
for the determination to be made, and must be protected against
extraneous contamination and improper handling, especially at
temperatures that may significantly alter the microflora. Refrig-
eration often must be provided to prevent destruction or growth
of organisms in a sample. Unfrozen samples must be refrigerated,
preferably at 0° to 4.4°C, from the time of collection until receipt
at the laboratory. To avoid contact of the product with melting
ice, a sealed eutectic coolant is preferable for use in the shipment
container. Samples collected while frozen should be kept solidly
frozen. When dry ice is used, the containers should have tight
closures to prevent pH changes in the sample caused by the ab-
sorption of carbon dioxide. As a general rule, samples should be
examined within 36 hr after sampling. Perishable items that can-
not be analyzed within 36 hr should be frozen or retained at re-
frigerated temperatures, depending upon the type of product,
reason for analysis, and type of microorganisms sought. Non-
frozen samples of shellfish should be examined within 6 hr after
collection; they cannot be frozen.?

Samples must be clearly and completely identified with the
following information: sample description, collector’s name,

" name and address of the manufacturer, lot number, dealer or dis-

tributor, and date, place, and time of collection. Frequently the
temperature at the time of collection is also useful to the labora-
tory for the interpretation of results. Further, it is often desirable
that the reason for testing be given, e.g., samples may be collected
as part of a quality control or surveillance program, as official
samples to determine conformity to regulatory standards, or as
part of a foodborne disease investigation.

23 EQUIPMENT, MATERIALS, AND REAGENTS

1. Instruments for opening containers. Sterile scissors, knives,
scalpels, can openers, or other hand tools as required.

2. Sample transfer instruments. Sterile multiple- or single-use
spatulas, scoops, spoons, triers, forceps, knives, scissors,
tongue depressors, drills and auger bits, corers, dippers,
metal tubes, and swabs as required.

3. Sample containers. Sterile multiple-use containers, either
large or small-mouthed designs, nontoxic, leakproof, and
presterilized polyethylene bags or other suitable sterile, non-
toxic containers as appropriate.

Nonsterile, nontoxic, single-service vials, polyethylene
bags, or bottles that are clean and dry and do not have a vi-
able bacterial count in rinse tests in excess of one organism
per mL of capacity are acceptable transport containers. Ster-
ile, evacuated sampling equipment also can be used. Sterile
glass containers usually are not desirable because of possible
breakage and consequential glass contamination of the sam-
pling environment.

4. Thermometers. Thermometers that measure -20 to 100°C
with graduation intervals not exceeding 1°C. A metal dial
type or digital electronic unit is preferred due to the risk of
glass thermometers breaking. Thermometers should be sani-
tized by dipping in a hypochlorite solution not less than 100
mg/L, or other equivalent microbicide, for at least 30 sec
before being inserted into foods.

5. Microbicide. Medium strength (100 mg /L) hypochlorite so-
lution or other approved disinfectant.

6. Labeling supplies. Pressure-sensitive tapes and labels, tags
of adequate size to hold sample information, indelible mark-
ing pens.

7. Sample shipping containers. For frozen or refrigerated
samples, rigid metal or plastic containers that are insulated
and equipped with a tight-fitting cover. Each container
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should have ample space for the refrigerant so that samples
will remain at the desired temperature until arrival at the
laboratory.

Containers for nonperishable samples should be made of
sturdy corrugated cardboard or other material capable of
withstanding abusive shipping conditions.

Refrigerant or dry ice is to be added as needed for per-
ishable samples.

8. Balance. A balance with 2000 g capacity having a sensitivity
of 0.1 g with a 200 g load is acceptable.

9. Blenders and mixers. Mechanical blenders with several op-
erating speeds or rheostat speed control with sterile glass or
metal blending jars and covers or a Stomacher (Tekmar Com-
pany, Cincinnati, Ohio) are examples of acceptable devices.

10. Diluents. Sterile Butterfield’s phosphate buffer (Chapter 63).
Sterile 0.1% peptone water (Chapter 63). Sterile sodium chlo-
ride solutions (Chapter 63). Special diluents required for spe-
cific microorganisms and special analytical conditions (spe-
cific chapters).

2.4 PRECAUTIONS

Adequate precautions should be taken to prevent microbial con-
tamination of samples from external sources, including the per-
son taking the samples, air, sample containers, sampling devices,
and the shipping vehicle. When foods are packaged in small,
sealed containers, collect the unopened containers rather than
portions from each container.

The sampling operation should be organized in advance with
all the needed equipment and sterile containers at hand. For col-
lecting samples, use an instrument appropriate to the physical
state of the food.

Protect sampling instruments from exposure and contamina-
tion before and during use. When removing sampling instru-
ments from the food container to the sample container, do not pass
them over the remaining presterilized instruments. When open-
ing the sterile sampling container, open it sufficiently to admit the
sample, then close and seal it immediately. Do not touch the in-
side of the sterile container lip or lid. Do not allow the open lid to
become contaminated. Do not hold or fill a sampling container
over the top of a bulk food container when transferring a sample.
Fill the sample container not more than 3/4 full to prevent over-
flow and to allow proper mixing of sample in the laboratory. Do
not expel air when folding or whirling plastic sample bags. Sub-
mit an empty sterile sampling container similarly opened and
closed as a control.

The sample collector must keep their hands away from the
mouth, nose, eyes, and face. Hands must be washed immediately
before beginning the sampling and during sampling if the hands
become contaminated. Sterile plastic gloves may be useful to limit
contamination during the procedure.

Contaminated sampling equipment must be placed into
proper containers for ultimate disposal and/or sterilization. La-
bels must never be moistened with the tongue. Use direct label-
ing of the container or pressure-sensitive labels.

Chapter 1 gives additional safety precautions to ensure proper
handling and preparation of samples for microbiological analy-
sis. Food samples may contain infectious microorganisms or toxic
materials that may be potentially hazardous. The best protection
against hazards is the use of good sampling techniques and treat-
ing each sample as if it were contaminated.

25 PROCEDURES
2.51 Sampling Plans

Sampling plans were first developed in 1923 by engineers at the
Western Electric Company, but were not immediately adopted.”
After World War II the Department of Defense developed Mili-
tary Standards for attribute and variables sampling plans?#2
(definitions in Section 2.511). These plans considered single and
multiple sampling based on the history of the producer perfor-
mance. Levels of sampling (i.e., tightened, normal, and reduced)
that reflected prior producer performance were established for
these plans. Special categories of sampling plans have been
adapted to agricultural products.>®'+!%20%

A comprehensive set of single sampling attribute plans has
been published for food microbiology.”* Typical points of sam-
pling where sampling plans may be applied are shown in the
following chart:

Points of Sampling
raw miterials

production line
producer’s warehouse
retail storage or sales outlet

international port—export or import

This discussion of sampling plans will be clarified if certain
basic concepts are stated at the outset. First, the lot to be sampled
must be defined. When a given quantity of product is surveyed
and units or portions of this lot are taken for examination (includ-
ing microbiological analyses), the procedure is called “sampling.”
Sampling can be applied in a way that ensures that results ob-
tained will be statistically valid. In this case, a “sampling plan”
is developed, where selection of samples taken from a lot is car-
ried out in a manner that ensures that each sample has the same
chance of being chosen. For example, assume that a lot defined
as “1000 packages in a warehouse” is to be sampled. Each pack-
age is assigned a number. If the 1000 items are stacked equally in
10 rows, then 1 to 100 would be assigned to the units in the first
row, 101 to 200 to the second, and so on until all packages are
numbered. A random number table is used to choose the required
numbered containers for sampling.'>"” In this example, if we se-
lect five as the required number of packages, then five typical
random numbers (lot size being 1000) could be 586, 973, 99, 838,
and 737. In addition to random sample selection, a sampling plan
will also contain instructions that specify the number of packages
to be taken and the basis for accepting or rejecting the lot. Thus,
a sampling plan as employed in this context states the number of
units required to be randomly collected from a lot and lists the
acceptance and rejection criteria. Before using a sampling plan,
it is usually prudent to consult a professional statistician to as-
certain that the lot of food to be sampled meets the criteria re-
quired by that particular sampling plan.

2.511 Definitions Used in Sampling Plans

The following statistical terms are frequently used in the sampling
literature. 12132425
1. Acceptance number(s)—The maximum number(s) of defec-
tives in an attribute sampling plan for which a lot will be
accepted.
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10.

11.

12

13.

14.

15.

16.
17

18.

Acceptance quality level (AQL)—The maximum percent
defective (or the maximum number of defects per 100 units)
that for purposes of sampling inspection can be considered
satisfactory as a process average.”

Analytical unit—The amount of sample actually analyzed.
Attribute—A qualitative characteristic of a sample unit, e.g.,
the results of an analysis are positive or negative for Salmo-
nella.

Average outgoing quality limit (AOQL)—The maximum
possible percent defective that will result after a rectifying
inspection of the lot has been performed. In such an inspec-
tion, 100% of rejected lots are screened to remove defective
items, provided such screening is 100% effective.” Typically,
AOQL values do not exceed 5%.

Binomial distribution—Distribution of a population in
which a proportion (p) of the units in the population has a
certain characteristic, and a proportion (q = 1-p) does not.
Thus, each individual unit falls into one of only two classes,
either p or q.

Consumer protection—The ability of a sampling plan to
identify unacceptable lots. This is measured as the comple-
ment of the probability of acceptance for Limiting Quality
(LQ) lots.” The consumer protection is often set at 90%.
Consumer’s risk—The risk a consumer takes that a lot will
be accepted by a sampling plan even though the lot does not
conform to requirements.” This risk is known as a Type [ risk,
and in many standards®*'**this risk is nominally set at 10%.
A second type is a consumer beta risk, which is the risk that
the lot will be rejected even though it is actually satisfactory.
Continuous distribution—A distribution of a population of
measures that take on a continuum of values. A variables
sampling (Section 2.515) plan may be applicable.

Control chart—A graphic device that can be used to moni-
tor repeated sampling from a manufacturing or measure-
ment process.

Destructive testing—A testing process that results in de-
struction of the unit or sample under test.

Discrete variate—A random variable consisting of isolated
points that can have a finite or infinite number of values.
These values can be used in an attribute sampling plan. (Sec-
tions 2.512, 2.513, 2.514).

Estimate—Any value computed from sample data and used
to infer a corresponding population (lot) value, e.g., the
sample mean (average).

Estimated process average—The average percent defective
or average number of defects per 100 units of product found
at the time of original inspection.?*

Frequency distribution—The mathematical description of the
way members of a population are distributed. The informa-
tion about the distribution is used to calculate the probability
of lot acceptance or rejection. The discrete random variable
takes on a countable number of values, and the probability
distribution is defined by a probability mass function. A con-
tinuous random variable is defined by a density function.
Homogeneity of variances—The equality of variances
among populations, which must sometimes be tested.
Homogeneous—A product having a uniform texture or con-
tent.

Limiting Quality (LQ)—Percent defective or defects per 100
units.” A lot having a 10% probability of acceptance is re-
ferred to under many common standards®****as a lot hav-
ing a quality level equal to LQ.

19.

20.

21.

23

24,

26.

27

28.

t Sampling Plans, Sample Collection, Shipment, and Preparation for Analysis

Lot—The number of sample units produced in one batch or
in some specified period of time such that the units will be
about the same quality. Each lot or batch should consist of
units of product of a single type, grade, class, size, and com-
position. The lot should be manufactured under the same
conditions and at essentially the same time.

Lot inspection by attributes—Inspection whereby either the
sample unit is classified as defective or nondefectixe with
respect to a requirement or set of requirements (when on a
“defective” basis), or inspection whereby defects in each
sample unit are counted with respect to a requirement or set
of requirements (when on a “defect” basis).”

Lot quality—A measure of the characteristic being con-
trolled. The results of lot inspection are often expressed as
percent defective units (e.g., a unit containing Salmonelia is
defective). Less frequently, the quality will be expressed in
terms of the variable measured (weight/unit, coliform/g).
Operating characteristic (OC) curve—A graphical represen-
tation of the relation of the probability of lot acceptance to
lot quality (usually expressed as percent defective units). This
curve will depend on the number of units required in the
sampling plan and the acceptance number. The curve also
shows the lot quality associated with the consumer’s risk and
the producer’s risk. It thus describes the consequences of the
sampling plan (decision rule) for accepting lots of different
quality.

Population—Any finite or infinite collection of individuals
(samples or units) on which decisions are to be made.
Probability—An estimate of the frequency of occurrence of
an event, e.g., probability of n sample units out of a popula-
tion being positive for Salmonella, expressed as a value from
0 to 1. For a sampling plan, assumption of a particular prob-
ability distribution (i.e., binomial or Poisson) allows the es-
timation of the computation of the probability of lot accep-
tance versus lot quality in an operating characteristic curve.
Producer’s risk—The risk that a producer takes that a lot will
be rejected by a sampling plan even though the lot conforms
to requirements.” This is called an alpha risk, and in many
plans®##% this risk is set at 5%. Another type is the
producer’s Type I risk, which is the risk that the lot will be
accepted even though it does not conform to requirements.
Proportion defective units (P)—The number of defective
units divided by total units in a lot. Proportion defectives P
or percent defectives (100P) are often plotted as the abscissa
on an OC curve.

Random sample—A sample that was chosen in such a way
that every sample or unit in the lot had equal chance of be-
ing selected. This is often achieved with the aid of a random
number table.

Representative sample—In the widest sense, a sample
which is representative of a population, and not merely a
portion of it. Some confusion arises if “representative” is
regarded as meaning “selected by some process that gives
all samples an equal chance of appearing to represent the
population.” In fact, a representative sample is one that is
considered typical of a population in respect of certain char-
acteristics, however chosen. To obtain a truly representative
sample, there are four requirements: (a) determine the loca-
tion of sampling points critical to the population; (b) estab-
lish a sampling method representing the population charac-
teristics; (c) select the sample size; and (d) specify the
frequency of sampling.
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29. Sample unit—The smallest definable part of a lot, also called
a unit. For example, a singleton or a package is a sample unit.
When lots are bulk packaged in bins, barrels, bags, etc., then
the sample unit is arbitrary and may depend on the sampling
device. The use of the word in this context should be differ-
entiated from the analytical sample unit specified by the
analytical method.

30. Sampling plan—A design that indicates the number of units
to be collected from each lot and the criteria to be applied in
accepting or rejecting the lot. A single sampling plan requires
the lot to be judged on the basis of one set of sample units
(Section 2.512). A double sampling plan (Section 2.513) is a
sampling inspection in which the inspection of the first
sample leads to a decision to accept, to reject, or to take a
second sample. The inspection of a second sample, when
required, then leads to a decision to accept or reject. Two or
more such collections would mean thata multiple sampling
plan was being used. Another procedure where units are
drawn one by one (or in groups) and drawing at any stage
determines whether to accept, reject, or continue sampling
is called a sequential sampling plan.

31. Sample size—The number of samples selected from a lot.
The sample size should accurately describe the population,
and should be the most economical possible to reach a cer-
tain level of accuracy. If the testing method is nondestruc-
tive, it may be possible to conduct sampling of 100% of the
units in a lot. Typically, microbiological testing destroys
product, and thus 100% sampling is not possible. Sample size
can be determined by using sampling plan master tables,
such as those found in Military Standard 105D, published by
the American National Standards Institute.”

32. Stratified random sampling—A procedure for sampling
where the lot is divided into parts or strata that differ with
respect to the characteristics under study. In some cases, this
is a way of improving the estimate of lot quality.

33. Zero defective tolerance—An evaluation system implying
that a lot must be free of the undesirable characteristic or
defect. All units in the lot must be tested in order to ensure
zero defectives. This can be performed only where the test
is nondestructive. The requirement of zero defects is defi-
nitely not possible in microbiological sampling plans since
these cannot be applied to all units in a test lot.

2.512 Single Sampling (Two-Class) Attribute Plans

Single sampling procedures are useful in food inspection since,
in many production processes, the lot can be sampled and tested
only once. In addition, the results of microbiological tests are
clearly defined as attributes. For example, an attribute such as the
presence or absence of a microorganism, e.g. Salmonella, is fre-
quently reported. In other instances, a certain level of organisms
may be acceptable. For example, a unit may be acceptable if it has
less than 3 E. coli colonies /g of sample.

Single sampling attribute plans also have the advantage that
the true-distribution of the variable in question (e.g., E. coli/g) is
not required. Single sample plans and the multiple sample plans
in the next section (2.513) can be evaluated by using the hyper-
geometric, binomial, or Poisson distributions. The choice of dis-
tributions used to compute the probability relationships®® de-
pends on the number of units (N) in a lot. When N is large relative
to the sample size (n), or when the number of defective samples
in a lot is small, a Poisson distribution can be assumed, serving
as an approximation of the binomial distribution. The type of lots
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acceptable for single sample procedures are assumed to be large,
of homogeneous quality, and to satisfy the conditions above.

Steps for choosing and applying an attribute sampling plan
are as follows:

e Select the measurements of interest.

* Define the sampling units that constitute a lot.

* Determine a value of consumer’s and /or producer’s risk to
ensure the lot quality (LQ or AQL) desired.

¢ Obtain an estimate of process average.

e Compute or select a plan that meets the risk and lot quality
requirements.

e Calculate the OC curve.
Apply the plan on a group of randomly selected units from
a lot.

* Maintain records on the process average (if you are a pro-
ducer) and make changes in the plan as necessary.

Figure 1 presents the operating characteristics (OC) curves for
seven single sampling plans. These OC curves for the sampling
plans will be used to help illustrate the process of choosing a plan.
The reader should refer to Dodge and Romig,* Duncan,’ and In-
ternational Commission on Microbiological Specifications for
Foods'? for presentations of complete sets of plans where OC
curves for additional values of n or c are given. Figure 1 has an
acceptance number (c) of zero, or zero tolerance, which means that
any positive results on a test lot will result in the rejection of that
specific lot.

As an example, consider that a lot N > 1000 units is to be ana-
lyzed for coliform MPN/g and a unit is to be called defective if it
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Figure 1. Single sampling (two-class) attribute plans for sample sizes
n=3 5, 10, 15, 20, 30, 60, andc = 0.
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has MPN > 100/g, and to be called acceptable or nondefective if
ithas an MPN < 100/g. A sampling plan is wanted to define the
number of units (n) to sample where the number of defectives (c)
equals zero and the probability (consumer’s risk) of accepting lots
with 8% or more defective units is 10%. Using these criteria, the
sampling plan to be chosen (Figure 1) is n = 30 and ¢ = 0.

Since microbiological tests are destructive (the sample unit
cannot be used after testing), cost of sampling may be balanced
with the cost of the risk. For example, a plan may be designed to
inspect incoming raw materials and, on the other hand, may be
designed to sample consumer products before releasing lots for
sale. The measurement (i.e., coliform MPN/g) may be the same,
but the choice of plan will be affected by other factors such as (a)
processing conditions, (b) potential health hazard of the products,
(c) persistence of organisms under different storage conditions,
and (d) type of plan used by regulatory agencies to inspect the
same lots. The n = 15, 20, 30, and 60 with c = 0 plans in Figure 1
are in common use'"'? to test for Salmonella. The n = 3 and 5 with
¢ =0 plans could be used for screening raw materials.

Some analytical procedures are sufficiently sensitive to mea-
sure the presence of a single organism when the sampling units
are pooled. A positive test indicates that one or more of the units
was positive from n pooled units. This produces the same deci-
sion for a plan (e.g., n = 5, ¢ = 0) as if the units had been analyzed
separately. Pooling of sampling units cannot be done when ¢ > 0
or when a positive sample is defined quantitatively (e.g., E. coli
colonies/g). Calculations with OC curves are found in the refer-
ences.*’

It should be noted that as sample size n increases, the OC curve
becomes idealized, with a probability of acceptance being 100%
with 0 defects, and falling to a probability of 0% when the frac-
tion of defects is > 0. Also, as the acceptance number ¢ decreases,
the OC curve shifts to the left, evidence that with a given num-
ber of defective units, the probability of accepting the lot de-
creases.

2.513 Multiple Sampling (2-Class) Attribute Plans

Sampling plans of this type are designed to inspect lots based on
multiple samplings. The lot is accepted or rejected based on se-
quential decisions. As an example, consider a double sampling
plan (Figure 2) of n, =10, ¢, =0 and n, = 6, ¢, = 1. This plan re-
quires that 10 units be analyzed and the lot be rejected if any unit
is defective. If only 1 of the 10 units sampled from the same lot is
defective, then 6 additional units are tested. If one or more of the
6 units are defective, then the lot is rejected; otherwise it is ac-
cepted. The operating characteristic curve for this plan is given
in Figure 2. In this example, if there were 24% defectives in the
lot, the plan would accept 10 of 100 lots and the average outgo-
ing quality would be 5% defectives.

Figure 2 shows the operating characteristic curve for the
double sampling plan and one for a single sampling plan (n=7,
c = 0) that have the same average (5%) outgoing quality limit
(AOQL). Although the AOQLs are equal in the two plans, it can
be seen that the probability of accepting a defective lot is lower
for the single sampling plan. In addition, the choice of taking 15
units (c = 0) for a single sampling results in a lowering of the
AOQL from 5% to 2.5%. Thus, in choosing sampling plans, one
must consider the probability of acceptance of a defective lot that
will be tolerated.

A double or other multiple sampling plan requires that the lot
of units be available if extended sampling is necessary. This is not
practical in many types of foods. However, the advantage of
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multiple sampling plans is that lots of good quality (i.e., low
coliform count) will on average require fewer samples to be tested
than if tested by a single sample plan giving equal protection. For
example, a two-stage or double sample plan of n, =10, n, = 6
might require that just the first 10 units be analyzed. Thus, the
average sample number tested would be decreased.

Further information on the design of multiple sampling plans
can be found in Dodge and Romig? and Duncan.’ A plan-can be
devised if the desired average quality limit (LQ), consumer (AQL)
and/or producer’s risk has been selected. Dodge and Romig?
present the operating characteristic curves for double sampling
plans and several outgoing quality limits (0. 1 to 10%, p. 112). The
figures allow a quick assessment of risks for each plan. The dia-
gram shown in Figure 3 is an interpretation of double sampling
plans.®

2.514 Three-Class Attribute Plans

Three-class attribute plans were developed by Bray etal.” in con-
junction with the ICMSFto be used with methods recommended
by Thatcher and Clark? who stated'? that the “test is concerned
primarily with plans that may be applied to lots presented for
acceptance at ports or similar points of entry.” It was assumed
that very little, if any, information would be known about the
quality of lots and, thus, attribute plans, two-class plans (Section
2.513), and three-class plans would be applicable. These plans are
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Figure 2. Operating characteristic curves for two single and one
double sampling plan with average outgoing lot quality limit 2.5 and
5.0%. The ¢ = 0 for a single sampling plan indicates that a lot will be
rejected if a single unit of the sample is positive. Rejection of the lot
will occur if two or more units of the first or second sample are
positive for the double sampling plan.
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also useful for inspecting lots within a country or corporation
where more information is known about a lot.

Three-class attribute plans differ from those described in Sec-
tion 2.513 by having two microbiological limits that create three
classes of product. Bray et al.” noted that the choice of limits (e.g.,
for coliform MPN, a quality or sanitation indicator) is difficult.
Nonetheless they state that “most scientists can provide two num-
bers: one below which they have little or no concern and a higher
value above which they clearly begin to have critical concern. If
we denote the lower level by m and the larger one by M, then the
set of values in the range [m, M] can be considered safe.” Obser-
vations falling in the regions defined by the two limits are called
acceptable, marginal, and unacceptable. The acceptable results
have values equal to or less than m (< m). Marginal observations
fall between greater than m and equal to or less than M (e.g., [m,
M]). Unacceptable results are greater than M. Three-class attribute
plans can be specified by a sample size n, the number of units
allowed (c,) between limits >m and <M, and the number of units
allowed (c,) equal to or above M. It is assumed that all units <m
are acceptable. However, as stated above, the value of M is the
decision point for this type of sampling plan. The value of c,=0
was set in all plans discussed in Microorganisms in Foods 2'* and
in the discussion below. Thus, the sampling plans are noted as n,
¢ where c is the number of marginal samples allowed. The three-
class attribute sampling plans found in Microorganisms in Foods 2"
present a detailed description of the type of microbiological meth-
ods to be recommended, potential risk of contamination, and
subsequent hazard for a wide group of products and the choice
of limits m, M for these products. Suggested sampling plans are
presented for fish, fishery products, vegetables, dried foods, fro-
zen foods, milk, milk products, raw meats, processed meats, shelf-
stable canned foods, and fresh or frozen raw shellfish. Different
measurements are of interest for each product and include aero-

INSPECT FIRST SAMPLE
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If the number of defectives
found in the first sample
v 3 ¥
exceeds the C, of the first exceeds the (C,+C,)
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A
if the number of defectives
found in the first and second
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A
does not exceed (C, +C,) of exceeds the (C,+C,) of the
the first and second samples first and second samples
combined combined
A ; & v
PASS THE LOT el b

Figure 3. Interpretation of a double sampling plan.
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bic plate count, coliforms, fecal coliforms, Salmonella, V. parahaemo-
Iyticus, Staphylococcus aureus, B. cereus, C. perfringens, and C. botu-
linum. Limits [m, M] were chosen for product-measurement com-
bination and plans were established based on risk.

The ICMSF* categorized the types of microbiological hazards
and conditions to which a lot of food would be exposed. This
categorization is an aid to the microbiologist when considering a
choice of sampling plan. These hazards were defined as follows:

1. No direct health hazard, utility (e.g., general contamination,

reduced shelf life, and spoilage).

Health hazard low, indirect (indicator).

Health hazard moderate, direct, limited spread.

Health hazard moderate, direct, potentially extensive spread.

Health hazard severe, direct.
These hazards are linked with three conditions of risk (reduc-
tion, no change, or increase) that reflect how a food was expected
to be handled and consumed after sampling. The combination of
the types of hazards and conditions of risk yields 15 cases where
suggestions of sampling plans and limits could be presented for
products, although only a few cases would be realistically appli-
cable for a given product and measurement.

Sampling plans for hazards 1, 2, and 3 are three-class plans in
whichn=10,c=1;n=5c=3n=5-c=2andn=5c=11In
these cases (of the 15 defined cases) limits [m, M] are set to de-
fine marginal quality. When the hazards are more severe (i.e., 4
and 5) two-class plans in whichn =60, c = 0;n=30,c=0;n=20,
c=0;n=15,c=0;n=10,c=0; and n =5, c = 0 are suggested. As
noted in Section 2.513, the two-class plans above mean that n units
are analyzed and the lot is accepted only if all units are negative
for some characteristic (e.g., Salmonella). The operating character-
istic curves are given for the two-class plans above in Figure 1.

The approach of the ICMSF"? on three-class plans was to de-
fine risks, suggest limits for a wide variety of specific cases, and
suggest plans to be employed. This approach differs from other
texts on sampling plans in that the mathematical tools for com-
puting and comparing plans are presented, and the reader must
make a choice of various conditions. Those desiring to compute
their own three-class plan should consult Bray et al’

Operating characteristic contours presented as two-way tables
are used rather than operating characteristic curves for three-class
attribute plans. These contours reflect the fact that the true mar-
ginal percent can vary from 0 to 100% at the same time the pro-
portion of defective units (value 2 M) varies from 0 to 100% with
the obvious restriction that the sum of percent good units, per-
cent marginal units and percent bad units must be 100%.

The choice of an ICMSF sampling plan is straightforward.
First, specify the food and measurement (e.g., freshwater fish and
fecal coliforms). Second, specify the risk. ICMSF'"? suggests case
4 in this example, which reflects low indirect health hazard at
reduced risk. The sampling plan is n = 5, ¢ = 3. The last step is to
choose limits m and M for the product to be sampled. ICMSF *
recommends m =4 and M = 400 for freshwater fish. The complete
plan is listed (e.g., n =5, c = 3; m = 4, M = 400), once the product
and measurement are specified.

To derive a three-class plan, one must consider (a) the assign-
ment of risk to the product, (b) the choice of sampling plan based
on a comparison of probability of acceptance versus percent
marginal units (assuming we will not accept any bad units), and
(c) the values of m and M for the product. The choice of risk and
the setting of m and M may differ depending on the purpose of
the sampling. One set of FDA sampling plans for Salmonella has
values of n=15,c=0;n=30,c=0;n=60,c=0"

L
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2.515 Variables Sample Plans

Avariables plan can be used when the probability density func-
tion of a measurement is known, and a majority of published
plans are computed when the distribution of the variable or its
transformation is normal (Gaussian). An advantage of the vari-
ables plans over single sampling plans is that fewer samples are
required, resulting in a lower cost to achieve the same protection
as asingle attribute plan. Disadvantages include the calculations
involved in evaluating a lot, the different calculations required
for each variable (coliform, E. coli, etc.), and the requirement that
the probability distribution must be known or assumed for each
measurement. The last two requirements may prove to be the
most inconvenient. A series of three or four variable (e.g., aero-
bic plate count, coliform, E. coli, and S. aureus) measurements may
be required on a product. The transformation that ensures a nor-
mal distribution may not be known, and the estimates of variance
are often different for each measurement. For these reasons, vari-
ables sampling plans are not widely used in the food industry for
microbiological measurements. For further information about
derivation of variables sampling plans, refer to Duncan,’
Kramer,' and MIL-STD 414.%2

2.516 Sampling Procedures for Low Contamination
Levels
The microbiologist often encounters a situation where produc-

tion lots of a product with low incidence of a pathogen (low num-
ber of contaminated units) must be sampled (e.g., 1 positive

Table 1. Number of Samples Needed to Detect a
Fraction Positive® with Probability 0.90,
0.95, and 0.99 Where at Least One Positive
Result Occurs

Fraction Number of analytical

positive® units to be tested (n)

samples (P) Probability (1-Pr) 0.90  0.95 0.99
1.0 3 4 -
0.9 3 ! 5
0.8 3 4 6
0.7 4 5 7
0.6 4 ) 8
0.5 5 6 9
0.4 6 8 12
0.3 10 10 16
0.2 12 15 23
0.1 23 30 46
0.09 26 34 5l
0.08 29 38 58
0.07 33 43 66
0.06 39 50 77
0.05 46 60 92
0.04 - 58 75 115
0.03 77 100 154
0.02 115 150 230
0.01 230 299 461
0.001 2,303 2,996 4,605
0.0001 23,026 29,963 46,052

* Can be computed from Thorndike Table, p. 35 of Dodge and Romig.®

® The fraction of positive units (e.g., 90 positives in 100 analytical
units).
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sample unit in 500). How many sample units should be taken to
have a high probability of detecting the pathogen? Suppose 200
sample units have been analyzed and all are negative. What can
be reported about the lot? Clearly, the whole lot may not be free
of the pathogen. The same situation also arises in sterility test-
ing. In both of these situations, it is assumed that the pathogen
or contaminant can be detected if present in an analytical sample
(e.g., 25 g) and the results will be reported as positive er nega-
tive. Other necessary assumptions are given in the discussion of
single sampling attribute plans (Section 2.512).

Table 1 lists the number of sample units (n) needed to detect a
positive result at a given level of fraction positive analytical units
inalot. This table can be used to determine how many units should
be analyzed in order to detect a positive at a given fraction posi-
tive level. Suppose a regulator knows that the fraction positive of
a certain pathogen is 0.04. How many sample units should be
obtained in order to find a positive unit with probability 0.95? In
Table 1, we go down the left hand (fraction positive samples) to
0.04 and over two columns to (1-Pr) = 0.95. Pr is the probability
that all n units are negative. The required sample size is 75.

Let us examine the situation from another point of view. Sup-
pose a producer knows that pathogens can be found in his prod-
uct with a frequency of 6 in 1,000 units. The regulator takes 30
sample units per lot. What is the probability (Pr) that all 30
samples will be negative? The answer is Pr = e~ % ©0%%) = (, 84,
Thus, the regulator has a 0.16 chance of detecting a positive from
a lot with a frequency of defective units of 0.006. Simply stated,
84% of the time that 30 samples are collected from this defective
lot, no defects will be found, while defective units will be found
16% of the time.

Another situation arises when a sample of n units is examined
and all are negative for the pathogen in question. What can be
said about the rest of the lot in terms of any units being defec-

Table 2. Fraction Positive Samples When the
Probability® Is That All n Samples Are

Negative
Number of P = Fraction positive samples
analytical Probability (Pr)
negative units (n) 0.10 0.05 0.01
3 0.77° 1.00 1.50
5 0.46 0.60 0.92
10 0.23 0.30 0.46
15 0.15 0.20 0.31
20 0.12 0.15 0.23
25 0.092 0.12 0.18
30 0.077 0.10 0.15
35 0.066 0.086 0.13
40 0.058 0.075 0.12
45 0.051 0.067 0.10
50 0.046 0.060 0.092
100 0.023 0.030 0.046
200 0.012 0.015 0.023
300 0.0077 0.012 0.015
400 0.0058 0.0075 0.012
500 0.0046 0.0060 0.0092
1000 0.0023 0.0030 0.0046

2 Can be computed from Thorndike Table, p. 35 of Dodge and Romig.?
®  Rounded to two significant digits.
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tive? Table 2 shows one way of expressing the result. The frac-
tion positive (defective units) per lot can be related to the prob-
ability, Pr, when all n sample units examined are negative. 1f 100
sample units were negative, then there is only 1 chance in 10 (Pr
=0.10) that the fraction positive exceeds 0.023 per lot. Conversely,
the probability is 9 chances in 10 that the fraction positive is 0.023
or lower. Stated yet another way, there is a probability of 10% (at
most) that 230 sample units in 10,000 have a pathogen. So even
in a lot size of 10,000, there is'some chance (although only 10%)
that a positive unit will reach a consumer. There is an additional,
though small, probability that the consumers will receive the unit.
This is because the distribution of microbial contaminants in the
lot is not uniform. The fact that contaminants are not evenly dis-
tributed throughout the lot increases the chances of not detect-
ing them, and thus increases the probability of accepting the de-
fective lot.

If the samples were homogeneous and the organisms could
be assumed to be randomly distributed throughout the lot, then
an estimate of concentration could be obtained (Chapter 6). For
example, assuming that one Listeria tmonocylogenes organism oc-
curs in each 10 mL of milk, if n samples of milk are taken from a
well-agitated bulk milk tank, then the concentration of pathogen
could be estimated. If the analytical sample is 1 mL, how many
sample units are required to obtain at least one positive sample
with probability 0.95? From Table 1 we see that 30 samples should
be examined.

Let us further suppose that 2 of the 30 results are positive upon
examination. Based on the results of a single dilution, the estimate
of concentration of L. monocytogenes/mL = In(n/# negatives) =
In(30/28) = 0.069. Thus, sampling plans are useful not only for
lot inspection, but in determining risk and in predicting a speci-
fied level of organisms associated with a given probability, al-
though this is limited to lots where the organism is evenly dis-
tributed. In addition, the concentration can also be estimated in
some restricted cases.

2.517 Summary

The discussion of sampling plans in this section has been modi-
fied for application to microbiological measurements. A general
survey of plans is presented, but some of these procedures do not
lend themselves directly to microbiological sampling in foods.
The brief discussion of multiple sampling plans does not mean
that these procedures may not be found useful. The sampling for
microorganisms is destructive, the results may be delayed for
several days because of incubation requirements, and the foods
may be perishable. Thus, single sampling plans are generally best
suited to most situations.

Variables sampling plans are subject to additional disadvan-
tages beyond those stated in Section 2.515. The general level of
statistical knowledge in the typical food facility may prevent the
use of these plans. Calculations needed to choose and apply the
variables plans may prove burdensome. The two- and three-class
attribute plans are easy to apply and thus should aid in the spread
of statistics in microbiological sampling of foods. Additionally,
the ICMSF" has presented extensive suggestions of specific plans
and microbial criteria to be used on a wide variety of products.
This reduces the amount of work necessary in calculations and
time spent in plan selection. Thus, the single sampling two-class
and three-class attribute plans have the most utility in sampling
of foods for microbiological analysis. Individuals who wish to
derive their own sampling plans are advised to use Dodge and
Romig,® Duncan,’ and MIL-STD 105.*

252 Sampling Procedures

[t is necessary to consider the physical state of the product to be
sampled (e.g., dry, semisolid, viscous) and the reason for sampling
and testing before taking samples so that the number of units will
be representative and / or statistically significant for the intended
use."” The sampling procedures described in this section are those
that generally apply. Unusual sampling procedures that may be
required for specific foods are given in the chapters dealing with
particular microorganisms or commodities.

2.521 Finished Products

Consumer packages of foods should be sampled from original
unopened containers of the same processing lot. Record process-
ing information and product code of samples on forms submit-
ted with samples. The practice of submitting unopened contain-
ers prevents contamination that might be introduced by opening
at the sampling location. In addition, it allows laboratory exami-
nations to be performed on products and packages or containers
as they are offered to the public.

2.522 Bulk Liquid Material

If the products are in bulk form or in containers of a size imprac-
tical for submission, aseptically transfer a representative sample
portion to a sterile, leakproof container. Before drawing a sample,
aseptically mix the food mass to ensure that the sample is as ho-
mogeneous as possible. If adequate mixing or agitation of the bulk
product is not possible, multiple samples should be drawn from
the bulk container. Do not fill sample containers over bulk con-
tainers of food. Care must be taken to select sample containers
with enough capacity to accommodate the needed sample vol-
ume when the container is 3/4 full. Avoid the use of glass sample
containers. Thermometers used in bulk food containers should
be sanitized before use.* Cool perishable samples to 0° to 4.4°C
quickly if they are not already refrigerated. Metal thermometers
are preferred since breakage of a mercury thermometer would
contaminate the product.

When appropriate, a temperature control sample should be
prepared and submitted with the samples to be tested. If a tem-
perature control sample is needed for frozen samples, use a con-
tainer of ethylene glycol. The sample should be sealed in its con-
tainer so that the container will not break or leak and introduce
extraneous contamination. If the sample is to be examined for a
regulatory purpose, the sample container must be sealed so that
it cannot be opened without breaking the seal. In addition, an
empty sterile sample container should be submitted as a container
control.

2.523 Bulk Solids or Semisolids

Sampling of dry or semisolid foods should be done with sterile
triers, spoons, or spatulas. Sterile tongue depressors may be sub-
stituted for spatulas. Aliquots from several areas of the food un-
der examination should be taken to ensure a representative
sample. Care should be taken to protect this type of sample from
excess humidity.

2.524 Frozen Bulk Materials

Frozen bulk foods may be sampled with sterile corers, auger bits,
and other sharp sampling instruments. A presterilized auger bit
or hollow tube may be used to obtain enough material for analy-
sis. Frozen samples should be kept frozen until arrival at the labo-
ratory. Thawing and refreezing of samples must be avoided.
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A suitable procedure for obtaining test units of frozen foods
(particularly from larger samples) is to use an electric drill com-
bined with a funnel.! The sterile auger bit is inserted through a
sterile plastic funnel (which has been cut off so the hole is just
slightly larger than the bit) held against the frozen sample (Fig-
ure 4). The frozen shavings are conveyed to the surface and col-
lected in the funnel. The shavings then can be placed in a sterile
sample container. For larger solid food samples—frozen or un-
frozen, test units should be taken aseptically from several areas
using sterile knives and forceps. These portions should be mixed
as a composite to provide a sample representative of the food to
be evaluated.

2.525 Line samples (in-process samples)

1. Liquids. Sterile metal tubes or dippers may be suitable sam-
pling instruments at certain plant locations for liquid food
samples. Disposable plastic transfer pipets can also be used.
A special line sampling technique involves the use of a dis-
posable sterile hypodermic needle and syringe. The needle
is inserted into a rubber closure of a stainless steel nipple.
The nipple can be clamped on or permanently located at any
desired spot."

Sampling cocks on holding tanks and product pipelines
may be used, but disinfection and material flow-through of
the sampling cock must be assured before collecting the
sample.

2. Solids. Sampling of solid line samples may be accomplished
using the same equipment and procedures as would be used
for bulk solid or semisolid products. Automatic sampling de-
vices are available for powdered products and other solid
products not requiring refrigeration. When automatic sam-
plers are used, the manufacturer’s directions must be strictly
followed.

3. Special purpose samples (foodborne outbreaks, consumer
complaints). In some instances samples are tested as part of
a foodborne disease outbreak investigation or on the basis
of a consumer complaint. Consult a clinical or public health
laboratory. Such situations may be the subject of legal pro-
ceedings, and laboratory personnel may be required to tes-
tify concerning the results of their examinations. If the record
of sample collection and handling is incomplete, or if samples
are received in a partially decomposed state or having been

Figure 4. Funnel collection apparatus.
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temperature abused, the laboratory results may be of little
or no value.

In outbreak situations, collect all suspect foods. If there
are no leftover foods, try to get samples of items prepared
in a similar manner subsequent to the suspected food. Col-
lectingredients or raw items used in the suspect food, if avail-
able. All of these foods should be held under suitable condi-
tions until an analysis of the attack rate data and other facts
can define more accurately the suspect food(s)." The origi-
nal containers in which the foods were found also should be
collected, labeled, and submitted for examination. Other
specimens as well as foods from outbreak investigations are
essential. Human specimens may include stools, vomitus,
and serum, depending upon the suspected cause of illness.
These specimens should be collected in sterile leakproof con-
tainers and should be properly identified as to the patient’s
name, type of specimen, and date of collection. Transport
media is sometimes indicated. Aseptic techniques always
should be used to obtain samples even if the foods have been
mishandled grossly.

4. Samples for water activity measurements. Collect samples
intended for water activity in sealable, vapor tight contain-
ers. Obtain small, unopened, retail-size packages if possible.
When sampling from bulk containers, work quickly to mini-
mize changes in water content.

5. Samples for pH measurements. Samples to be tested for
their pH and/or titratable acidity should be collected into
tightly sealed containers. If the material to be tested is un-
dergoing fermentation or some other gas producing reaction,
use a vented container or flexible plastic bag with ample
space for expansion.

2.526 Storage and Shipment of Samples

When it is necessary to store samples prior to shipment, a stor-
age area for frozen (—20°C) and for refrigerated (0° to 4.4°C)
samples should be available. Waterproof labels should be used
on sample containers to prevent loss of labels. Direct labeling of
containers is preferred.

Whenever possible, samples should be submitted to the labo-
ratory in original unopened containers.

Samples should be delivered to the laboratory as rapidly as
possible. The condition, time, and date of arrival at the labora-
tory should be recorded. The samples should be packed to pre-
vent breakage, spillage, or change in temperature. Since labora-
tory examination of food samples requires preparatory work, the
laboratory should be given advance notice, if possible, of the
number and types of samples being submitted. If the product is
in a dry condition or is canned (flat or normal), it need not be
refrigerated for shipment. Swollen containers should be shipped
with coolant. The product label may also indicate whether refrig-
eration is required. Samples not requiring refrigeration or freez-
ing may be packed in a cardboard box using appropriate pack-
ing material to prevent breakage. Refrigerated products must be
transported in an insulated shipping container with sufficient
refrigerant to maintain the samples at 0° to 4.4°C until arrival at
the laboratory. Water frozen in plastic containers or cold packs
serves well for 0° to 4.4°C shipping and should last 48 hr under
most conditions. Do not use loose ice as this may cause product
contamination if the container breaks or leaks. Dry ice may be
used for longer transit times if the sample is separated from the
dry ice packing material to avoid freezing. Refrigerated products
should not be frozen, as destruction of certain microorganisms
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will occur. Frozen samples can be kept frozen by ensuring that
the samples are shipped with dry ice. Frozen samples collected
in plastic bags, however, must not come in direct contact with dry
ice as the plastic bag will become brittle and subject to rupture
from the extreme temperature. Use paper or another suitable
material to protect the sample. Such samples should be trans-
ported to the laboratory by the fastest possible means. Mark the
shipment of samples as “Perishable,” “Packed in Dry Ice,” “Re-
frigerated Biologic Material,” or “Fragile,” as appropriate. Label
the shipment according to federal postal service rules and Depart-
ment of Transportation regulations.?%

2.527 Preparation of Homogenates

Use aseptic technique. Prior to opening, swab the exterior area
of the container with 70% ethanol to destroy microorganisms that
might contaminate the sample.

Samples should be examined promptly. When initiation of
analysis must be postponed, store frozen samples at ~20°C until
they are to be examined. Refrigerate unfrozen perishable samples
at 0° to 4.4°C for not more than 36 hr.

Store nonperishable, canned (normal, flat), or low-moisture
foods at room temperature until ready for analysis. Frozen
samples should be thawed at refrigeration temperatures (<4.4°C)
for no longer than 18 hr in the original container in which re-
ceived.! If the sample must be removed from the original con-
tainer, it should be done aseptically. Alternatively, higher tempera-
tures may be used for a short period of time, but the temperature
must remain low to prevent destruction of microorganisms
(<40°C for <15 min). Frequent shaking of samples is necessary
when samples are thawed by the alternate procedure. A thermo-
statically controlled water bath with agitator is recommended for
the rapid thawing of samples.

Liquid or semiliquid samples in containers that have an air-
space can be mixed by rapidly inverting the sample container 25
times. Sample containers that are 2 /3 to 3/4 full should be shaken
25 times in 7 seconds over a 30 cm arc. The interval between mix-
ing and removing the test portion should not exceed 3 min. To
ensure a homogeneous sample when no airspace is present, asep-
tically open the container and pour the product from the filled
container back and forth into a sterile container three times.

Dry samples should be aseptically stirred with a sterile spoon,
spatula, or other utensil to ensure a homogeneous sample. Test
portions of nonviscous liquid products (i.e., viscosity not greater
than milk) may be measured volumetrically using a sterile pipette
(11 mL into 99 mL, or 10 mL into 90 mL, or 50 mL into 450 mL). If
the pipette becomes contaminated before completing the trans-
fer, replace it with a sterile pipette. Do not insert the pipette more
than 2.5 cm below the surface of the sample. The pipette should
be emptied into the diluent by letting the column drain from the
graduation mark to the rest point of the liquid in the tip of the
pipette within 2 to 4 sec, then touch the lower edge of the pipette
tip against the inside of the neck of the dilution container. Do not
blow out the last drop or rinse the pipette in the dilution fluid.*
When measuring products having a viscosity similar to milk, the
last drop should be blown from the pipette. For viscous liquid
products, the test portion for the initial dilution should be asep-
tically weighed (11 £0.1 g) into a sterile 99 mL dilution blank (or
10£0.1 g into 90 mL, or 50 + 0.1 g into 450 mL). This provides a
1:10 dilution.

Test portions of solid or semisolid foods should be 50+ 0.1 g.
The 50 £ 0.1 g test portion should be weighed aseptically (using
sterile forceps or spatulas) into a sterile tared blender cup'"; then
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add 450 mL of sterile diluent. A variety of diluents may be used
depending upon the nature of the product. Those most commonly
used are Butterfield’s phosphate buffer and 0.1% peptone water.
When analyzing for specific organisms, other diluents may be
appropriate, e.g., 3% NaCl for Vibrio parahaemolyticus. (Refer to
the chapters on specific groups of organisms for other diluents.)
When analyzing fatty foods or lump-forming powder, wetting
agents such as Tergitol Anionic-7 (1% weight/volume) may be
included in the diluent to promote emulsification. Blend for 2 min
at low speed (approximately 8000 rpm) to disperse the material.”
The blending time may vary depending on the type of food."
Some blenders may operate at speeds lower than 8000 rpm. It is
preferable to use a higher speed for a few sec initially. No more
than 15 min should elapse from the time the sample is blended
until all dilutions are in appropriate media.

Optionally, if the entire food sample is less than 50 g, weigh to
the nearest 0.1 g portion approximately one-half of the sample
into a sterile tared blender cup. Add sufficient sterile diluent to
make a 1:10 dilution (i.e., add an amount of diluent equal to nine
times the weight of the test portion in the blender cup). The total
volume in the blender cup must cover the blades completely.
Blend as described above.

If the sample is not homogeneous, weigh 50 g from a repre-
sentative portion of the package into a sterile, tared blender cup
or analyze each portion of food separately Proceed as described
above. Caution should be exercised in the blending step to pre-
vent excessive heating. The amount of heating may vary with
foods of different consistencies and may be expected to increase
if blending times greater than 2 min are required. Chilled diluent
(i.e., tempered in an ice-water bath) may be employed to decrease
the chances of excessive heating.

Stomaching is acceptable as an alternative to blending in pre-
paring the food sample homogenate.'* In this procedure, the food
sample with diluent is placed in a clean, preferably sterile plastic
bag. The plastic bag is positioned within the stomacher and pum-
meled for 1 to 2 min. Because the sample is contained in a plastic
bag, the developers recommend that samples with bones or other
sharp or protruding objects not be prepared by stomaching. Thirty
foods were evaluated using this procedure to determine the use-
fulness in a regulatory agency’s laboratory. Results indicated that
only certain food homogenates should be prepared using this
procedure.?

In some solid food products, the microbial flora is restricted
primarily to the surface area. More accurate enumeration of these
microorganisms may be obtained by rinsing the sample with ster-
ile diluent rather than by blending. This can be accomplished by
placing the sample in a suitable sterile container (plastic bag or
sealable bottle) and adding a volume of sterile diluent equal to
the weight of the sample. The container is then shaken in a man-
ner similar to that used for preparing an initial dilution of a liq-
uid food sample. Each mL of “rinse” thus prepared represents 1
g of sample.

See Chapter 6 for preparation of further dilutions and plate
count procedures. Use media recommended in the specific chap-
ter for the organisms of interest.

2.528 Preparation of Samples for Water Activity
Testing

The ideal preparation of samples for water activity measurements
is to grind the material to a fine consistency before testing. It is
important to avoid heat build-up in the sample during the grind-
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ing process, Certain emulsions such as oil /water emulsions may
be difficult to measure unless the water phase can be separated
by low temperature cycling or centrifugation. Judgement must
be used in evaluating the accuracy of measurements done on the
water phase of an emulsion. In any case, the prepared sample
should be added to the test chamber of the water activity meter
quickly to avoid an exchange of moisture with the air. If prepared
samples will not be tested promptly, store them in vapor tight,
sealed containers. Avoid storage in high humidity environments.

When performing the analysis, transfer sample portions to the
test instrument sample holder and follow the manufacturers in-
structions. A reliable reading may take from 5 minutes to several
hours depending on the type of instrument in use. Proper main-
tenance and calibration of water activity instruments requires
some skill and experience. High quality training and support is
available from the instrument manufacturers. A complete descrip-
tion of water activity testing can be found in the work of Troller
and Christian,” and the symposium series by Rockland and
Beuchat." See Chapter 64 for a further discussion of water activ-
ity measurement.

2.529 Preparation of Samples for pH
Determinations

Many types of liquid samples require very little preparation for
pH determination. Semisolid samples, mixtures of solids and lig-
uids, emulsions, and various types of marinated foods in oil, re-
quire special preparation steps. Semisolid samples can be blended
to a thick paste and a small amount (no more than 20 mL /100 g)
of distilled water added to provide a more fluid test portion.
Mixtures of solids and liquids can be tested either by blending
the mixture to a paste and measuring directly or by separating
the solid and liquid portions using a U.S. standard #8 sieve. For
marinated products in oil, separate the oil from the product, blend
the solids (adding a small amount of distilled water if necessary)
and test the paste. When attempting to determine the pH of emul-
sions, it may be necessary to separate the water phase for testing
by low temperature cycling or centrifugation.

Temperature effects on the pH electrodes and the actual hy-
drogen ion activity will modify the pH readings from electronic
pH meters. Instruments that have temperature compensation
adjust the response of the electrodes. The ionic activity of the
sample, however, cannot be corrected for. For accurate results, the
standardization and actual determinations should all be done at
the same temperature and within the range of 20° to 30°C. See
Chapter 64 for a further discussion of pH measurement.
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