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ABSTRACT

The food industry is a wide industry that demands products of maximum quality. For this reason, food
industries pay special attention to the level of equipment cleaning procedures to avoid contamination of products.
Microbiological validation extends to the cleaning of operators’ hands and uniforms, since humans are, by nature,
carriers of various microorganisms that can contaminate food. Naturally, this also applies to the different types
of food products produced, since it is crucial to provide safe products for consumers on the market. At the same
time, food industries are concerned with the risk of cross-contamination by allergens, that can also endanger the
health of consumers.

The purpose of this dissertation is to microbiologically validate the two types of cleaning procedures
performed at the factory: cleaning at the end of the week (sanitation) and cleaning between productions with
different allergens; to validate the washing of uniforms of factory employees; to validate the hygiene of
employees’ hands when they start or resume their work and to microbiologically validate the final products
produced.

In the first phase, a sampling plan was drawn up in which the most critical points were chosen for the collection
of samples, both for the sanitation and Red Line cleaning. Simultaneously, the size of the sample lot for the
washing of uniforms and hands was determined, based on the MIL-STD-105E standard, and the final products
to be analysed were defined. Since the factory does not have an accredited laboratory, the analyses were
performed in an external laboratory accredited by IPAC.

Overall, the cleaning procedures in the factory are effective. However, there is an equipment that requires
special attention, as negative results for these were registered. For hands and uniforms, it was stipulated that,
to validate the procedures, at least 80% of positive results had to be achieved, which were verified during the
microbiological validation. For final products and allergens, there was only occasional contamination, which was
not considered critical.
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1 INTRODUCTION

In the old days, Food Safety rules were based on
trial and error experiences and cleaning
procedures verification was done by visual
inspection; with the development of laboratory
techniques, chemical and microbiological
analyses came to complement visual inspection
and, together, they made it possible to construct
the base of Food Safety.

However, they were not enough to prevent
foodborne diseases across the food chain, since
industrialization originated a scale effect on
contamination. (1)

Nowadays, there are stil many foodborne
diseases, despite the growing demand for the
requirement for Food Safety practices. There is
also a growing concern with cross-contamination
by allergens, for which an Allergen Management
Program was implemented.

It is important to notice that, with globalization,
food supply is not restricted to an area or region.
As such, when there is contamination in the food
chain, it increases the number of people that can
be infected by this contamination, when compared
with the old days, which will have a significant
economic impact. Hereupon, the World Health
Organization (WHO) stipulated that the
responsibility of supplying safe, healthy and
nutritious food is shared by all those involved, from
primary production to final preparation and
consumption. This structure of the food chain
involves government, industry and consumers. (2)

©)

Safe food for all

Food safety: An essential public health function

Labeling
and consumer

education

Health-related
services

Active
consumer groups

Trained
0 Some y
Information managers and Community
gathenng participation

food handlers

Advice
training, and
education

Selective
consumers

Food legislation
and enforcement

Good hygienic
practice and QA

Government Industry
Concept of shared responsibility
WHO

Science, research, and development

Figure 1 — Shared responsibility by WHO.

1.1. Risk Management in the Food Industry

The Food Industry is constantly confronted with
chemical, microbiological and physical hazards,
that can contaminate the food chain in any of its
stages. Additionally, for modern society, food is
more than a nutritional need, it is also a pleasant
and emotional experience, so the Food Industry
has not only to think about food safety and quality,
but also about transport, accessibility, cultural
values and traditions, among others. (4)

The requirements of society have led to the
construction of a system that identifies, evaluates
and controls hazards that can be harmful to the
safety of food products, the HACCP (Hazard
Analysis and Critical Control Point) system. The
first step to implementing this system is to go
through a risk analysis, where all the food process
is evaluated to identify hazards and evaluate its
severity — from this analysis the Critical Control
Points are determined. (4) (5) (6)

Food Safety and Quality System

Furthermore, it is crucial to have a well
implemented Food Safety and Quality System,
that has all the working procedures and
instructions that decrease the risk, increases
safety and promotes quality, to exceed
consumers’ expectations. The maximum objective
of this system is to protect public and consumers’
health and contribute to economic development.

This system is complementary to the HACCP
system and is the base to its implementation. It is
constituted by various programs directed to
general hazards in food industries. The most
important programs are the prerequisite program,
the good manufacturing practices (GMP) and the
Critical Control Points, that when respected,
represent the basic requisites for a safe
environment to produce food products.

1.2. Hygiene in the Food Industry

Hygiene in the Food Industry is shared by all the
employees of the factory, apart from their
functions in the manufacturing process, because
hygiene is reflected in the manufactured products.

According to the Codex Alimentarius, food
hygiene is defined as “all conditions and measures
necessary to ensure the safety and suitability of
food at all stages of the food chain”. This definition
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includes two distinct, but complementary,
concepts: food quality and food safety. Food
quality guarantees that products can be
consumed by humans, according to its intended
use, with no degradation nor the presence of
strange objects. Food safety guarantees that
products are not harmful to consumers, when
prepared and ingested according to its intended
use. (1)

Personal Hygiene

Hygiene in the Food Industry is not only important
in the production area, but it should also start by
the personal hygiene from each of the employees.
Human beings are, by nature, carriers of possible
pathogens, so food must be protected from
employees. For this reason, this factory has locker
rooms with two lockers per employee, one where
they must keep their working uniform clean and
the other where they must keep their personal
clothes and belongings. (7)

Human hands are one of the most contaminated
parts of human bodies: they are constituted by a

resident flora — mainly constituted by
Staphilococci negative coagulase,
Corynebacterium spp. and anaerobic

microorganisms, such as Proponibacterium spp. —
and one passing flora constituted by
microorganisms that can colonise in hand
surfaces, but that can be easily removed by
washing hands. (8)

Equipment Cleaning and Disinfection

In the Food Industry, it is impossible to
manufacture 100% safe products, because food is
exposed to many environmental hazards. For this
reason, it is important to keep in mind an important
definition: the definition of risk that is dependent of
any adverse effect to an individual’s health and its
severity, in consequence of a hazard in a food
product. The risk varies with the individuals’
susceptibility, the hazards’ nature and the food
matrix. (1)

Equipment cleaning has the objective of reducing
any risk — be these chemical, microbiological,
physical, and when applicable, allergens — so that
after cleaning, that the persisting residues do not
present any harm for product safety and quality.
The cleaning procedure must remove all the

residues, be they visible or not. For this purpose,
detergents and disinfectants are used. (9) (10)

In this type of industry, the construction materials
must have food quality. Having said that,
construction materials must be compatible with
the food product manufactured in them, they must
be easily washed, resistant to corrosion, non-
-absorbent, inert, impermeable, stable and
resistant to temperature. The most used materials
used in the Food Industry are metals and plastic.
(11) (12)

1.3. Allergens

There is an increasing concern about the
existence of allergens in food products, since it is
estimated that about 2-3% of the adult population
and 4-8% of children have a food allergy, globally.
(13)

Allergens are proteins in food that can trigger an
adverse reaction in the immune system in an
individual when ingested. These proteins are often
hard to extract. When an individual present has
reproducible symptoms caused by a specific
stimulus which dose does not affect most people,
this is a case of food hypersensitivity. This
hypersensitivity can be caused by an immunity
reaction, mediated or not by type E
immunoglobulin — an allergic reaction — or by a
non-immunity reaction — a food intolerance. (14)

Thus, to avoid food allergies it is fundamental to
know the dosage of allergens that can trigger the
adverse reaction — threshold dose. However, this
dose varies from individual to individual, and even
more, these doses vary throughout the life of an
individual.

The allergens that must be labelled are peanuts
and other nuts, sesame seeds, lupine,
crustaceans e molluscs, fish, egg, milk, soy,
lactose, celery, mustard, wheat and other cereals
with gluten and sulphites. (15)

A Food Industry does not have the means to have
specific production lines to specific allergens, so
the same production line manufactures products
with different allergens. Having said that, it is
impossible to guarantee products with a null
threshold dose of allergens. This equipment
sharing can generate cross contamination that
cannot be detected during the production. A



means of preventing this type of contamination is
the use of preventive labelling such as “may
contain traces of”. (16)

Presently, there are only two threshold doses
stipulated: gluten’s threshold dose is 20 ppm and
sulphites’ threshold dose is 10 ppm. For the other
allergens, the threshold doses are stipulated by
the companies.

2 MATERIALS AND METHODS

The validation of cleaning procedures aims to
prove that the cleaning is done effectively, with no
accumulation  of  microorganisms,  mainly
pathogens, or other substances, such as
detergents, disinfectants and allergens. (17)

The analyses were carried out in an external
accredited laboratory, that respects the principles
of ISO 17025. To guarantee the quality of the
samples, they were collected and sent to the
laboratory in 24 hours.

In the validation of hands’ and uniforms’ washing,
the batch size of the sample was determined
according to the MIL-STD-105E standard.

2.1. Sanitation Validation

Before validation, companies must develop
cleaning procedures to be approved and correctly
implemented, with which it is possible to obtain the
desired results. After the first validation, there is
the need of an annual revalidation.

In any industry, there is equipment that is easier to
access than other. To guarantee the effectiveness
of cleaning procedures, the best equipment to
validate cleaning procedures is that which is
harder to access. Surfaces can be divided in two
groups: exposed surfaces — which are possible to
access by hand — and enclosed surfaces —
surfaces with no possible direct contact. In
exposed surfaces, the samples were collected
using swabs and in enclosed surfaces, the
samples were collected using sterile cups.

The analyses carried out were the total viable
counting (TVC), Enterobacteriaceae, moulds and
yeasts, which acceptable limits are shown in Table
2.

In the factory everyday life, cleaning procedures is
monitored using a fast test that uses the
bioluminescence technique of ATP to detect
microorganisms and other organic residues.

2.2. Red Line Validation

With the view to guarantee that food products are
safe and not contaminated with undesired
allergens, an annual allergen validation is done. In
this type of cleaning procedure, detergents or
disinfectants are not used, so it is a faster cleaning
procedure and must be done from the less
contaminated area to the most contaminated area.

)

In this company, the allergens to be concerned
about are milk and lactose, soy and gluten (wheat
and barley), which acceptable limits can be seen
in Table 1.

Table 1 - Quantification limits of allergens by the
external laboratory.

ALLERGEN QUANTIFICATION
LIMIT
LACTOSE <20 ppm
TOTAL MILK < 2,5 ppm
PROTEIN
GLUTEN <5 ppm
SOY < 2,5 ppm

Daily, a fast-non-specific test is used to monitor
the presence of allergens after the cleaning
procedure is finished. This test can detect but not
identify nor quantify the allergen present.

For identification and quantification of specific
allergens, samples were collected and sent to the
external laboratory using sterile swabs.

2.3. Validation of Hands and Hygiene of
Uniforms

To protect food products from contamination,
there is a room to wash and disinfect hands before
entering the production area. Apart from that
room, there are some disinfectant dispensers in
specific points of the production area.



Table 2 — Acceptable limits for sanitation microbiological validation. Results in CFU/cm?.

TVC <100 100 — 1000 (including) > 1000
Enterobacteriacae <10 n/a 210
Moulds <20 n/a =20
Yeasts <20 n/a =20

With regards to the uniforms, each collaborator is
responsible for washing their own uniform, but the
factory has rules on how to do it properly.

For these type of validations, it was determined
that the useful analyses were the total viable
counting (TVC), Enterobacteriaceae, moulds and
yeasts, Escherichia coli and Staphylococcus
aureus.

In this validation, the fast test of ATP was also
used to monitor cleanliness and the samples were
collected with swabs.

For these validations, dividing operators in two
groups was found useful: one group with operators
that directly contacted (group a) with food and one
other with operators that do not contact directly
with food (group b). With the MIL-STD-105E
standard, it was determined that for group (a) 13
samples were necessary and for group (b), 5.

This hand hygiene validation was also useful to
determine whether the disinfectant can be used
optionally or if it should be mandatory. For that,
operators in group (a) washed, dried and
disinfected their hands, and operators from group
(b) only washed and dried their hands.

2.4. Final Product Validation

The fundamental objective of a food industry is to
produce safe food; therefore, it is also important to
guarantee that final products are not
microbiologically contaminated. Hence, that an
annual validation of final products is also done.
The factory has 7 production lines and many types
of products, so one product per type and one
product per line must be chosen. In total, 12
different products were chosen to analyse. In this
type of validation, the company requires the
analyses of three samples of each product. The
products were sent to the laboratory in their own
packages.

For this validation, it was determined that the
analyses to be done should be the total viable

counting (TVC), Enterobacteriaceae, moulds and
yeasts, Staphylococcus aureus, Bacillus cereus,
Salmonella spp. and Listeria spp, whose
acceptable limits can be seen in Table 4 and
Table 5.

3 RESULTS AND DISCUSSION

Sanitation Validation

As it is shown in table, the cleaning procedures are
effective, even though the ATP test presents many
negative results. To better understand if this test
is really a good method to monitor cleanliness, it
was done an additional study, which results are
presented in Table 6.

By these results, it can be concluded that, if the
test is used right after the cleaning procedure, it is
a good monitor, but short after, air particles will
start to deposit on surfaces, which will influence
the test results.

Table 3 - ATP test results to determine its
effectiveness. Results in RLU/100 cm?2.

Sample | 1st collection | ATP | 2nd collection | ATP

PC7 12-05-2017 11
PC8 12-05-2017 29
PC9 12-05-2017 21

14-05-2017

14-05-2017

14-05-2017 126

DF6 13-05-2017 5 14-05-2017

DF7 13-05-2017 5 14-05-2017 78

M1 13-05-2017 44 14-05-2017

Red Line Validation

This validation was done in all lines of production.
In Table 7 are the results for Frypack line. As it can
be seen, the results were positive and there were
no allergens above the quantification limits, which
means that the products are safe for consumption.



Table 4 — Acceptable microbiological limits for final products validation. Results in UFC/g.

TVC <100 100-999 21000
Moulds <100 100-499 2500
Yeasts <100 100-499 =500
Enterobacteriaceae <10 10-99 2100
Staphylococcus aureus <20 20-99 =100
Bacillus cereus <20 20-99 2100
Table 5 — Acceptable microbiological limits for final products validation (continued).
Listeria spp <100 CFU/g 2100 CFU/g

Salmonella spp

Absentin 25 g

Present in 25 g

Table 6 — Microbiological results for sanitation results in the production of sweet snacks.

Results

Sample Collection TVC at 30 °C Enterobacteriaceae

(n=1) date (CFU/lcm?) (CFU/cm?)
D1 09-05-2017
" D2 09-05-2017
e D3 09-05-2017
g D4 09-05-2017
% D5 09-05-2017
S| e 09-05-2017
2| b7 | 09-052017
é D8 09-05-2017
. D9 09-05-2017
D12 09-05-2017

Moulds a 25 °C
(CFU/lcm?)

Yeasts at 25 °C
(CFU/cm?)

ATP
(RLU/100
cm?)

Table 7 — Red Line validation results for Frypack line. Figure: a) fast test without humidifier; b) fast test with

humidifier.
Production area Packaging area
Collection
date Allergen
Specific Gluten
Method Soy
10-05-2017
3M Surface a)
Protein b)

First
package of
the next
roduct




In the fast test there are two lines: a) and b) that
refer to the usage of a humidifier that helps
collecting samples in dry surfaces. Tests in line a)
did not have a humidifier and line b) used a
humidifier. In spot A it was not used because it
was a wet surface.

Validation of Hands and Uniforms

Since it is difficult to achieve 100% of good results,
it was stipulated that at least 80% of the results for
both validation of hands and validation of uniforms
had to be achieved, for both operators that directly
and indirectly contact with products. In Table 8 and
Table 9, there is a summary of the percentage
achieved for each group. It is also shows that the
disinfectant can be optional, since the results with
and without using it were not very different and
were both positive.

Table 8 — Percentage achieved for uniforms'
validation.

Value Achieved
Direct Contact 92%
Indirect Contact 100%

Table 9 — Percentage achieved for hands' validation.

Value Achieved
Direct Contact 92%
Indirect Contact 80%

Final Product Validation

In this validation, there were only two-point
contamination, the other results were positive,
which means that the products manufactured are
safe for human consumption. In Table 10, there is
a summary of these results.

Table 10 — Final Product Validation resume results.

Analysis Result
TVC Absent in all products
Enterobacteriaceae Present in 1/36 samples
Moulds Absent in all products
Yeasts Absent in all products
S. aureus Absent in all products
Bacillus cereus Present in 1/36 samples
Salmonella spp Absent in all products
Listeria spp Absent in all products

4 CONCLUSION

Overall, the results were positive, which means
that the cleaning procedures are effective.
However, in sanitation validation there was an
item of equipment that requires special attention in
future validations. All the other surfaces respect
the standard of visually clean, and most of them
did not show any microbial growth.

Regarding red line validation, results were very
good, which means that sensitive individuals can
consume products manufactured in this factory
with no concerns.

In validation of hands and validation of uniforms,
the goals were achieved, so it can be concluded
that the washing rules are effective.

Finally, final product validation showed that
products are microbiologically safe for human
consumption, even though there were two points
of contamination. These products are validated
every year and have had good results, so it was
not considered a critical contamination, but will be
taken in account in the next validation.

To conclude, the results were positive, but there
are some situations that can be improved in the
future.
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