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Abstract In this paper, by combining sampling methods for food statistics with years of sample sampling experience, various sampling points

and corresponding sampling methods are summarized. It hopes to discover food safety risks and improve the level of food safety.
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1 Introduction

With the development of China’s economy, the variety of food
is becoming increasingly diverse, and food safety issues occur from
time to time. Food companies have also invested a lot of resources
in product testing, but the results have not been satisfactory''’.
Many products have passed factory inspections, but were found to
be unqualified during random inspections by regulatory authori-
ties'”. This situation is likely due to the lack of representative-
ness in sample collection or the failure to collect high-risk sam-
ples™ | resulting in the product still not meeting national food
safety standards despite being tested as qualified, causing harm to
consumers and greatly affecting the brand image of the enter-

“!. In this paper, by combining statistical sampling methods

prise
with years of sample sampling experience, various sampling points
and corresponding sampling methods are summarized, hoping to

inspire others.

2 Statistical sampling methods

Sampling types can be divided into census and sampling sur-
vey based on sample coverage. A census refers to a one-time com-
prehensive survey organized specifically for a specific purpose,
used to investigate the total amount of phenomena at a certain
point in time or within a certain period of time. Sampling survey
refers to a data survey method that uses a certain procedure to se-
lect a portion of units from the population as a sample for investi-
gation, and infers the overall characteristics based on the sample
survey results. Product sampling of food enterprises belongs to
sampling survey”'. Sampling survey methods are divided into
probability and non probability sampling. Probability sampling is
usually used to calculate the representative situation of the sample
to the product, and is generally used to evaluate the overall situa-
tion of the corresponding batch of products, while non probability
sampling is used to evaluate the product situation at high-risk

points{6 .
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2.1 Probability sampling Probability sampling refers to sam-
pling that follows the principle of randomness, where each unit in
the population has a certain chance of being selected into the
sample.

2.1.1 Random sampling. Random sampling refers to the direct
collection of samples from a population, with each individual hav-
ing an equal probability of being selected. Market supervision ad-
ministrative departments mostly use this method for conducting
spot checks.

2.1.2 Layered sampling. Layered sampling, also known as type
sampling, refers to dividing the population into different layers
(groups) according to a certain feature or rule, collecting samples
independently and randomly from each layer ( group) in an equal
or optimal proportion, and finally combining the samples from
each layer to estimate the target quantity of the population. If sam-
pling is done according to different production lines, one sample is
collected from each production line per day. If sampling is carried
out according to different product categories, one sample is col-
lected daily for prepared milk, fermented milk, and milk drinks.
2.1.3 Cluster sampling. Cluster sampling refers to the sampling
method of dividing a population into several groups, randomly se-
lecting one or several groups in a certain way, and then conducting
surveys on all individuals in the selected groups. For example,
sensory sampling of certain products is carried out in this way. A
box of products are selected from a batch, and the sensory proper-
ties of all products in that box are detected as the result of that
batch of products.

2.1.4 Systematic sampling. Systematic sampling, also known as
equidistant sampling, refers to the sampling method of arranging
the population in a certain order, determining a random starting
point according to rules, and collecting samples one by one at reg-
ular intervals. For example, sampling is conducted every 2 h or
every 200 products.

2.2 Non probability sampling Non probability sampling re-
fers to the method by which investigators extract samples based on
their own convenience or subjective judgment. It does not select
samples strictly according to the random sampling principle, so it
loses the existence basis of the law of large numbers, and it is im-

possible to determine the sampling error and correctly explain the
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extent to which the statistical values of samples are suitable for the
population. However, non probability sampling can focus on moni-
toring high-risk process points, making it easier to detect occa-
sional food safety risks.

2.2.1

ability sampling method that sets sampling points with a certain

Importance sampling. Importance sampling is a non prob-

purpose based on experience, judgment, risk assessment conclu-
sions, and conducts systematic or non systematic collection of
samples at the sampling points. This method is not suitable for
evaluating the overall sample quality risk situation, but is suitable
for capturing risk points, evaluating high-risk points, and other
situations. For example, the sampling in the startup sample is
used to detect total solids.

2.2.2 Snowball sampling. After detecting abnormalities in the
sample, based on the information provided by the initial sample,
more samples are obtained near its production time point or sam-
pling point by expanding the sampling range, increasing the sam-
pling quantity, increasing the sampling frequency, etc. The
process is continued until the sampling can reflect the overall risk
situation. This sampling type is used when discovering product
anomalies and can increase the exclusion range.

2.2.3 Traceability sampling. Traceability sampling refers to the
type of further sampling conducted on the relevant raw materials,
raw milk, auxiliary materials, process equipment, environment,
etc. of abnormal samples for the purpose of identifying and investi-
gating the cause of the abnormality.

In the actual sampling process, the above sampling types can
be combined to make the sampling representative and easy to iden-
tify risk points. In the process of collecting and executing various
product samples, if there are special requirements for sampling
points, it needs to be clearly defined in the sampling related docu-
ments. For projects without special requirements, simple random
sampling is adopted, and the representativeness of the samples is

considered during collection.

3 Risk analysis of various nodes in the production
process

In the production process of food, due to specific production
processes, the entire batch of products do not have complete uni-
formity. Therefore, it is necessary to select appropriate sampling
methods based on the characteristics of the process, so that the
test results can truly reflect the situation of the product.
3.1 Startup sample Startup sample refers to the product that
is continuously produced during the process from equipment star-
tup to product stability. Usually, there is a low risk of convention-
al physical and chemical indicators, and key sampling methods
can be used to detect corresponding products'’’ .
3.2 First sample The first sample refers to the first product
produced after operations such as topping, tank replacement,
cleaning, and equipment maintenance. When defining, the first
sample can be clearly defined based on the actual production

process scenario, such as the first sample of starting the machine,

the first sample of top material, and the first sample of changing
the tank. Usually, due to factors such as topping and cleaning,
nuirients and conventional physicochemical indicators are low,
while sweeteners and pigments may be mixed into other products
due to residual cleaning and topping material residue. Key sam-
pling methods can be used to detect corresponding products.

3.3 Shutdown sample
produced within a certain period of time before the equipment ends

Shutdown samples refer to products

production. Key sampling methods can be used to detect corre-
sponding products.

3.4 Abnormal pattern Abnormal samples refer to any product
whose detection indicators do not meet the requirements. The
scope of testing needs to be expanded, and the snowball sampling
method can be used to test the corresponding products.

3.5 Change abnormal sample Change abnormal samples re-
fer to samples that occur during equipment major repairs, changes
in sterile components, changes in sterile parameters, changes in
packaging materials, changes in packaging material sterilization
processes, changes in important product indicators, resumption of
production of discontinued equipment, and abnormal situations. In
many cases, the entire batch of samples are qualified, but once
there are changes or abnormalities in the production process, it
may cause the products to be unqualified within the corresponding
time period. Therefore, it is necessary to strengthen testing of
these products. Key sampling methods can be used to detect corre-
sponding products.

3.6 Advent sample Advent samples refer to products that are
nearing their expiration date according to the product shelf life reg-
ulations. Usually, it is possible that vitamin degradation, packa-
ging factors, or product storage temperatures do not meet the re-
quirements, resulting in products that pass factory testing but still
fail after being placed for a period of time. Therefore, it is neces-
sary to strengthen the monitoring of advent samples and control the
entire life cycle of the product'™’.

In order to ensure food safety and improve the effectiveness of
food safety control, the key sampling used for evaluating risk situ-
ations in sampling work should be based on the principle of being
able to collect the samples with the highest risk. In actual sam-
pling work, the samples with the highest risk should be collected
as much as possible. If it cannot be achieved due to production
processes, the samples with the second highest risk should be col-

lected, and so on'*'. Specific details could refer to Table 1.

4 Main problems and countermeasures for sampling
in food enterprises

Many food companies have increased their investment in
product testing in order to improve their food safety control level.
However, there are often some shortcomings in sampling, resulting
in unsatisfactory results despite investing a lot of resources.
4.1 Scientifically setting sampling points
require inspection of each batch of products in their inspection

Many enterprises

plans, which also poses a series of hidden dangers. The represent-
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ativeness of the collected samples for testing is insufficient, and it
cannot fully represent the quality of the entire batch of products.
Although the sample testing results are qualified, there are indi-
vidual products in the entire batch that do not meet the require-
ments of national standards. Therefore, regulatory authorities may

discover and notify them during the sales process. Enterprises

Table 1 Selection and formulation of sampling plans in different situations

must analyze the characteristics of each testing project and
combine the status of production processes to identify the samples
with the highest risk and the most representative samples for tes-
ting, in order to effectively achieve the expected results in termi-

nal inspection.

Different situations Sampling type

Physical and chemical projects

Microbial project

Daily release of finished Probability sampling; im-

products portance sampling

Quality accident investi- Importance sampling; snow-

gation ball sampling

tive batches of samples, and following up on

the improvement of quality accidents

New production line Importance sampling; sys-

tematic sampling

Paying attention to startup samples, shutdown

samples, and tank change samples

Expanding sampling at the time of accident oc-

currence , strict sampling of multiple consecu-

Paying attention to covering all projects and

checking whether the results of the advent

Startup sample, shutdown sample, and change abnormal
sample. Usually, whole batches of samples require sys-

tematic sampling for testing

Expanding sampling at the time of accident occurrence,
strict sampling of multiple consecutive batches of sam-
ples, and following up on the improvement of quality ac-

cidents

Paying attention to covering all projects and paying at-

tention to the proliferation of microorganisms

sample meet the standard requirements

4.2 Overcoming the problem of insufficient representative-
ness of sampling time points
tors of the samples are relatively stable after startup and before

The physical and chemical indica-

shutdown, but the microbial indicators need to focus on testing in
addition to startup samples, shutdown samples, and system sam-
pling according to the specific situation of the production line,
such as samples after production line fault repair.

4.3 Standardizing the application of environmental sample
sampling The control of microbial projects is relatively difficult,
and the control points cannot be limited to the production line.
Controlling the production environment is also an important way*'.
This requires standardizing the method of applying microbial sam-
ples, training operators, and being able to truly apply to contami-
nated areas and sanitary dead corners, rather than randomly selec-
ting points for application work™’.

4.4 Strengthening the control of microbial risks
there is a sterilization stage in the production process of food, so

In general ,

the microbial risk is not high before the sterilization stage. Some
products add other auxiliary materials after sterilization of the ma-
terials, such as soy sauce. The auxiliary materials added after-
wards do not undergo sterilization processes, so once the microbial
indicators are not qualified, it will cause high food safety hazards
to the microbial control of the entire batch of products. Therefore,
it is necessary to strengthen the control of microbial risks for the
added materials, to avoid problems with the entire batch of prod-
ucts caused by some materials being substandard.

4.5 Paying attention to the transportation and preservation
of samples

4.5.1

preservation of samples are also important in food testing. Some

Non commercial sterile samples. The transportation and

non commercial sterile products have high temperature require-
ments. If they are not stored according to the product’s storage
temperature, it can lead to a large number of microbial prolifera-
tion in the sample in the short term, resulting in unrepresentative

test results. The transportation and preservation of samples are key
steps to ensure that the results of microbial indicator testing can
objectively and truly reflect the level of microorganisms in the sam-

17Tt is necessary to equip a sampling box that can be sealed

ple
and insulated for sample transportation, and store the sample in the
refrigerator or freezer as soon as possible''!’ .

4.5.2 Commercial sterile samples. Commercial sterile products
need to be stored at 37 “C for several days according to the stand-
ard. Generally, enterprises have insulation rooms, and it is impor-
tant to note that the temperature of the insulation room may affect
the results of commercial sterilization. In general, commercial
sterile samples have a longer shelf life. Once they enter the circu-
lation process, and the microbiological project is not qualified, it
may lead to food safety risks such as swelling or damaging the
packaging, causing great harm to the brand of the enterprise.

Therefore, enterprises need to pay special attention to it'"’.

5 Conclusions

Quality is the lifeline to ensure the development of the food
industry. Currently, the development of economic globalization has
promoted the continuous development of various fields in China.
Food enterprises are facing increasingly complex and ever-changing
external environments, and enterprises have also increased their
investment in inspection resources. Therefore, it is even more nec-
essary to fully study sampling methods and process points'”" | sci-
entifically and reasonably collect high-risk and representative sam-

041" fully utilize the invested inspection resources, in order to

discover food safety hazards and improve product quality'” "'

ples
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