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Abstract
Listeriosis is a foodborne illness, caused by the pathogen Listeria monocytogenes, with a mortality rate
around 30%. An outbreak with origin in frozen vegetables imposed an update of the HACCP of Listeria
spp. and monocytogenes in vegetable processing industries. The latter tended to ensure food safety and
quality.
To control contamination occurrence, equipment was swabbed and product samples were taken. About
50% of the sanitation sessions left Listeria spp. in the production lines. Regarding apparatuses, EQP07
probability of contamination after sanitation rounds 70%, the highest verified. EQP01 and EQP18 results
showed that the procedure applied is somehow efficient. It permitted to obtain Listeria free lines regularly
by introducing mechanical action and an acid disinfectant in the procedures, exception made for EQP20.
Nonetheless, Listeria spp. was constantly detected in the lines during production. EQP01 was the only
equipment free of contamination in one of the lines but, at the same time, its swab results were 100%
positive for the other line.
Nevertheless, products leaving those lines were generally Listeria free and even when Listeria
monocytogenes was detected its count was always <10 CFU/g. Foodstuffs with higher calcium content
showed higher incidence of contamination. Thus, sanitizers with EDTA could be considered to mitigate
the problem.
Air samples in the production hall were taken to keep track on Total Mesophilic Counts. Thus, despite the
air could be considered clean during winter season, counts over 1500 CFU/m3 during summer are
alarming.

Keywords: Listeria spp. and L. monocytogenes; foodborne illness; listeriosis; Hygiene Design; sanitation;
food safety and quality
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Resumo
Listeria monocytogenes é responsável por causar listeriose, uma doença transmitida por alimentos, que
apresenta uma taxa de mortalidade próxima de 30%. Após um surto com origem em vegetais congelados,
foi necessário atualizar o HACCP associado a este microrganismo patogénico, de forma a garantir a
segurança e a qualidade alimentar.
Para controlar os índices de contaminação, fizeram-se testes ao equipamento e aos produtos. Cerca de
50% das sessões de higienização deixaram Listeria spp. nas linhas de produção. O equipamento com maior
probabilidade de estar contaminado foi o EQP07, com 70% de resultados positivos. No entanto, os
resultados dos testes aos EQP01 e EQP08 mostraram que o procedimento atual é de alguma forma
eficiente. Com a aplicação de um desinfetante ácido e recurso a ação mecânica, foi possível higienizar as
linhas de forma eficiente, com a exceção do EQP20.
Durante os períodos de produção, as linhas apresentaram-se constantemente contaminadas. O único
equipamento que não apresentou contaminação foi o EQP01 numa das linhas, mas simultaneamente
apresentou 100% de contaminação na outra linha.
No entanto, análises ao produto revelaram que é possível obtê-lo livre de contaminação no final do
processamento e, até ao momento, quando Listeria monocytogenes foi detetada, a contagem de
microrganismos foi sempre inferior a 10 CFU/m3.
De forma a acompanhar a contagem de organismos Mesófilos Totais no ambiente fabril, foram colhidas
amostras de ar. Destas foi possível concluir que o ar pode ser considerado limpo durante o inverno, mas
as contagens acima de 1500 CFU/m3 durante o verão podem ser comprometedoras.

Palavras-chave: Listeria spp. and L. monocytogenes; doenças transmitidas por alimentos; Design
higiénico; higienização; qualidade e segurança alimentar
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Motivation and Aims of the Thesis
Modern society impels a rhythm in people’s lives that is pushing food industry to increasingly provide easy
to prepare and ready-to-eat products. In the last few years, the concern for healthy life styles is restricting
foodstuffs treatments, and frozen crops industry is able to answer to these demands. Thus, dealing with
perishable food products and environmental contaminants increases the challenge faced by food industry
to guarantee the standards of food safety and quality.
Listeriosis is a foodborne gastric illness, mostly affecting individuals in risk groups, as pregnant or
immunosuppressed. As the consequence of a Listeria monocytogenes foodborne outbreak with origin in
frozen vegetables, which led to a few illnesses and even deaths, products and industrial environments
Listeria spp. free are now a food quality requisite. Listeria spp. is taken as an indicator of L. monocytogenes
presence, so HACCP (Hazard Analysis and Critical Control Point) demands regular sampling of the
machinery and produce, to assure this contaminant is absent in the transformation areas.
The main objective of this work was to accomplish an alternative Hygiene Design to obtain better results
when washing the production and packing lines. Eliminating Listeria spp. from the production
surroundings is extremely hard since Listeria spp. is considered an environmental contaminant. Studying
the history of emergence of this contamination, gives one tools to focus in problematic areas or
understand the failure mechanism.
Second, one should follow the evolution of emergence during production along the line, to understand if
the duration of the batches is allowing the microorganisms to proliferate and contact with the produce
still during transformation. While the factory is running becomes difficult to preclude the microorganism
spreading since water is a pleasant environment to Listeria spp. development.
Finally, the goal of the two previous points is to ensure the innocuity of the crops that reach to the
consumer. Hence, Listeria spp. and L. monocytogenes incidence in the products is systematically
monitored. In an attempt to eliminate produce contamination, one should study Listeria spp. capacity to
adapt to its surroundings using whatever strategies are available, like nutrients and pH variation. This
knowledge may work as an indicator of options to disinfect not only the produce, but also production
lines while working.
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I.

Introduction

1.1 Company presentation
The following Master Thesis concludes the developed work as an intern in the
Quality Control Department of Monliz – Produtos Alimentares do Mondego e
Liz, S.A., a reference producer of deep-frozen vegetables in Portugal.
Monliz was founded in 1980, in Leiria. In 2000 was purchased by two Belgian
groups, Ardo and Crop’s. Is based in Alpiarça since 2005 and is continuously expanding. A second freezing
line and a second cold chamber were constructed in 2011. Moreover, a fifth line was assembled in the
packing unit during this internship period.
The production unit follows the process from the seed planting all the way through, until the goods
freezing. The main products that Monliz produces are tomato, zucchini, capsicum, broccoli, onions, peas
and broad beans. It also processes imported products, especially sweet potato and pumpkin. After
freezing, the product follows to the packing unit. Here, numerous external products are packed. Besides
that, the plant is also provided with a sales department that allows the distribution of Monliz’ goods and
the commercialization of Ardo and Crop’s products.
The company aims at partnerships on retail, food service and industry, exporting near 90% of the 40
thousand tons that produces every year. The factory works in batch, adapting the lines according to every
different product the field is providing. In a rough way, the next scheme summarizes the process that
Monliz uses to produce its goods.

seed

harvest

feedstock

wash

pick

blanch

deepfreeze

pack

cold
store

distribute

Figure 1 – Diagram of the full process from field to consumers adopted at Monliz S.A.
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1.2 Food industrialization
Modernization and industrialization of agriculture were expectable consequences of Globalization and of
the increased demand on feeding an exponentially growing population [1]. Producing in large quantities
must account that most consumable products are naturally perishable and so require protection against
spoilage during their preparation, storage and distribution to give them the desired shelf life [2].
Above quantity, the market also demands over processed products, “half-prepped” or “ready-to-eat”
meals able to fit the stressed lifestyles embraced nowadays. Fashionable fitness concerns increase the
pressure over industry, demanding those same requisites in super nutritious and fresher as possible crops.
Deep-frozen vegetable industry is central in this problem as well as in its solution. Food produces are
washed, sliced or chopped, and even fried or grilled and the preservation method allows people to keep
them at home and just grab it from the freezer and prepare it with almost no time consumption.
Food processing involves transportation and transformation of the produce. Along the way it can
eventually be exposed to potential contaminators. Those would compromise the quality of the product.
Moreover, if those contaminators happen to be pathogens, it would also compromise consumers’ health.
Several preservation techniques are used in food industry, namely salting, acidification, heat treatment
[2], or in this particular case deep-freezing [3] to prevent growth of spoilage and pathogenic
microorganisms in foods.
The first preservation step of produce is blanching. This process consists of a short heat treatment,
designed particularly for every product, changing in duration and temperature. Blanching is used by frozen
vegetable manufactures before the freezing process to deactivate enzymes, alter texture, preserve color
and flavor, and remove trapped air [4]. Moreover, blanching may decrease or even eliminate food-borne
pathogens [4].
Blanching is not intended as a sole method of preservation but as a pre-treatment which is followed by
freezing. The product enters in a ventilated freezer, where it runs for no longer than five minutes, to reach
a frozen state at -18 oC. The freezing process must be as fast as possible to avoid crystals formation [5]
that would punctuate and disfeature the vegetables. Later it is stored at a cool chamber set normally at 20 oC, to keep microbial activity stagnant as well as to slow natural degradation of the crops [5].
Food industries follow rigorous patterns of hygiene severely restricting the presence of microorganisms
in its crops, being that legal levels of presence must be satisfied. The “indicator” organisms are so called
because their presence in large numbers in food signifies one of three contamination possibilities: disease
bacteria or filth; spoilage or low quality; or preparation under insanitary conditions [3].
The presence and concentration of organisms such as Salmonella spp., Clostridium botulinum and
Escherichia coli, in industrialized foodstuffs, have been outlined for decades now [6][7]. Salmonella spp.,

3

for example, is one of the few pathogenic microorganisms that are completely unacceptable in a food
vegetable sample, as so its presence is sufficient to grant a whole batch obliteration [8].
Unfortunately, one cannot control exactly which specimens will compromise the product or invade the
production line. Thus, the law is adapted according to incidences and outbreaks has regulatory
organizations find necessary.
Outbreaks of listeriosis have been registered over the last decades [9]. Although its punctual occurrences
there were extremely destructive [10]. According to European Centre for Disease Prevention and Control
(ECDC) reports, 2192 confirmed listeriosis cases were reported leading to 210 deaths in 2014.
Furthermore, 2206 listeriosis cases were reported in 2015 where 20% of those were fatal. Most of these
reported cases were associated with ready-to-eat (RTE) meat or fish meals and dairy products, cheese
predominantly [11].
Moreover, Centre for Disease Control and Prevention (CDC) reported an outbreak of food borne illness
with origin in frozen vegetables that hospitalized nine people in the USA, killing three of them. Listeria
positive specimens were collected from September 2013 to May 2016 [12]. Among these, whole genome
sequencing (WGS) disclosed that the Listeria isolate from frozen corn was closely genetically related to
eight bacterial isolates from ill people, and a Listeria isolate from frozen peas was closely genetically
associated to one isolate from a ill individual [12].
Subsequently to this outbreak more than 350 consumer products were recalled, since they may could
have been contaminated with Listeria [12]. Consequently, that products producer suffered a considerable
loss and consumers’ confidence got damaged at a level that might have compromised the company’s
future.
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1.3 Listeria species
Listeria is a small, Gram-positive, non-spore-forming, rod-shaped bacteria [13]. It is aerobic and
facultatively anaerobic, catalase-positive except for a few rare strains, oxidase negative and hydrolyses
esculin [14]. The genus Listeria contains 18 species phylogenetically separated in four clades: (i) Listeria
monocytogenes, L. innocua, L. marthii, L. seeligeri, L. welshimeri and L. ivanovii, which are referred to as
Listeria sensu stricto, (ii) L. aquatica, L. fleishmannii and L. floridensis, (iii) L. cornellensis, L.
weihenstephanensis, L. grandensis, L. booriae, L. rocourtiae, L. newyorkensis and L. riparia and (iv) L. grayi
[13] and L. murrayi [15].
Listeria spp. is an environmental contaminator, comfortable in still water surroundings [16]. One pond
and two creeks were tested and a total of 90% of 30 sediment samples, 84% of 31 aquatic plant samples
and 67% of 36 water samples were confirmed positive for Listeria spp. [16]. Of these, 46% were identified
as L. innocua, while 25% were L. monocytogenes [16]. Number counts ranged between 1 and 40 CFU/g,
evidencing Listeria spp. presence year-round. Counts over 110 CFU/g were detected showing peaks in
Listeria spp. growth due to environment rehabilitation [16]. Being motile at 20-25oC [14], it is even
hypothesized that Listeria cells attached to the surface of the aquatic plants partly originated from the
creek sediments and colonized the plant surface from the sediment [16].
Listeria spp. is yet an important model for gene transfer studies since these bacteria are characterized by
high conservation of chromosome genomes, an unique feature among the phylum Firmicutes [13].
Nevertheless, the presence of Listeria spp. has been an indicator of L. monocytogenes presence, and L.
innocua is usually operated as L. monocytogenes substitute at laboratory studies [17], since unnecessary
contamination risks are avoidable.

1.3.1 Listeria monocytogenes
Listeria monocytogenes (Figure 2) can be found on visually clean surfaces but it is most frequently found
at wet and soiled places where the bacterium is able to grow and persist [18].

Figure 2 - Listeria monocytogenes with flagella observed by SEM [19]
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The ubiquitous occurrence and the increased ability to grow and survive in a chilled environment,
compared to most other microorganisms, makes L. monocytogenes a significant challenge in food
production [20]. It can grow in a broad pH range from 5.0 to 9.5, when in a optimal growth medium. It is
salt tolerant, surviving in concentrations as high as 30.5 % for 100 days at 4 oC. Nonetheless, remains alive
only for 5 days when exposed to that high salt concentration if hold at 37 oC [3]. Reports also indicate that
L. monocytogenes can survive during cold storage and could be recovered from fruit juice concentrates
and banana puree through 12 weeks of storage at -23 oC [21]. The key point is that refrigeration
temperatures do not stop growth of Listeria. It is capable of doubling in numbers every 1.5 days at 4 oC
[3]. Since maintenance of high temperatures, greater than 79 oC, will inactivate the Listeria organisms [3],
it is important to keep processing under control after decontamination procedures.
An antilisterial blanching treatment for vegetables (inactivation of 5 logs of L. monocytogenes) can be
generally provided by at least 10 seconds at 75 oC, or instantaneously at temperatures above 82 oC [22].
However, the heat resistance of L. monocytogenes can differ in different vegetables [4].
The ability of L. monocytogenes to adapt to stress conditions associated with food processing has not
been carefully studied up till now. Though, it is suggested that the pathogen responds to the presence of
environmental stressors such as heat, nitrite, sodium chloride and sorbate, modifying the regulation of
the synthesis of several proteins, including some virulence factors [23].
It has also been suggested that the resistance of Listeria to antimicrobials or sanitizing agents in food
processing environments results from the ability of this microorganism to assemble strong bioﬁlms [24].

1.3.1.1 Listeriosis
L. monocytogenes has been implicated as the causative agent of both epidemic and sporadic food-borne
illness [10]. Well documented outbreaks of listeriosis have been associated with consumption of various
foods including milk, cheese, coleslaw and creamy spreads as mayo and pâté [23][21]. These incidents
have highlighted the awareness of L. monocytogenes as a public-health problem and have increased
efforts to prevent further outbreaks [23].
Despite being a rare disease accounting for only about 0.02 % of all foodborne illness, listeriosis is
responsible for 28 % of the deaths resulting from foodborne illness [25]. Its mortality rate is the closest to
salmonellosis [10].
L. monocytogenes is an opportunistic pathogen that most often affects those with severe primary disease,
or condition; pregnant women; unborn or recently born infants; and the elderly [26].
Various clinical appearances are associated with listeriosis and these can be clustered in two categories:
invasive listeriosis and non-invasive listeriosis. Invasive listeriosis are cases when initial infections of the
intestinal tissue by L. monocytogenes leads to invasion of otherwise sterile body sites, such as the
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pregnant uterus, the central nervous system, or the blood, or combinations [26]. Non-invasive listeriosis
are usually associated with cases which developed symptoms of gastroenteritis, such as diarrhea, fever,
headache and myalgia, after a short period of incubation. These outbreaks are largely connected with the
ingestion of high doses of L. monocytogenes by otherwise healthy individuals [26].
Although quantitative differences of virulence among strains of L. monocytogenes are found, all isolates
must be regarded pathogenic unless essential virulence factors, such as protein composition of the cell
wall or hemolysin production, are lacking [27]. Apart from L. monocytogenes, only L. ivanovii and L. grayi
were related to listeriosis reported cases [27]. Hence, the other Listeria spp. are regarded as nonpathogenic [27].
The virulence of L. monocytogenes is influenced by the PrfA-dependent virulence gene cluster and by
some internalin genes located outside the gene cluster [3]. Apparently, strains having a full complement
of virulence genes would have greater potential to cause disease. However, unfortunately the prevalence
of such strains in food-processing environments is, to the best of our knowledge, not known. There has
also been speculation that certain strains have greater potential to survive under adverse conditions and
to multiply in the processing environment and/ or in certain foods [25].

1.3.2 Establishing HACCP
The evaluation of risk in food safety requires knowledge of the probability that microbial population sizes
will not exceed defined levels [28].
The detection of L. monocytogenes in the food-processing environment is considered ‘‘reasonably likely
to occur” and therefore must be addressed in the hazard analysis and critical control point (HACCP) plan
[25].
The specific food safety measures for L. monocytogenes in RTE foods are laid down, specifying the food
category, sampling plan, microbiological limits, analytical methods and stage where the criterion applies
[20]. Food safety standards define the acceptability of a product or a batch of foodstuff applicable to
products placed on the market [20].
Produce that have been implicated in listeriosis contained usually L. monocytogenes concentrations over
1000 CFU/g [25]. Relying on the program to control the food, the transformation equipment and the
factory environment, it should be possible, in most food processes that include a validated step to
specifically eliminate Listeria, to keep the prevalence of product contamination under 10 CFU/g [25].
Food and Drug Administration (FDA) and United States Department of Agriculture (USDA) current
regulatory strategy is a “zero presence” policy that does not encourage testing for L. monocytogenes per
se [25], since environmental contaminations may influence these results [16]. Nevertheless, there is

7

general agreement among industry and agency personnel on the importance of maintaining an aggressive
sampling program to assess control of the environment [25].
Microbiological testing of the processing environment and the equipment in use is necessary to detect a
niche. Examples of niches include hollow rollers on conveyors, cracked tubular support rods on
equipment, the space between close-fitting metal-to-metal or metal-to-plastic parts, worn or cracked
rubber seals around doors, on-off valves and switches for equipment, and saturated insulation. It is
significant that the source was often limited to very specific sites of growth that led to the contamination
of product contact surfaces during production [25].
According to HACCP-procedures, food safety should be managed by monitoring at fixed Critical Control
Points (e.g. monitoring of the intrinsic factors of the product, such as a w and pH). Control of the initial
level of contamination of the raw materials, ingredients and good hygiene practices (considering cross
contaminations) should guarantee that the level of L. monocytogenes is lower than 100 CFU/g during the
shelf life of the product [20].
Portuguese vegetable industries follow the Portuguese Norm 2079 of Food Microbiology [8] that
establishes CFU/g limits to the key pathogens conceivably present, as L. monocytogenes, Salmonella
enterica and Escherichia coli. In blanched, prepared, or fried vegetables, the targets for L. monocytogenes
and E. coli are set at 10 CFU/g, being that the maximum allowed is 100 CFU/g. Likewise, for unblanched
vegetables and fruit. Furthermore, Salmonella target is set to zero independently on the produce.
Testing against L. monocytogenes at the end of the shelf-life may be used as rectification of the efficiency
of the HACCP-plan. If there is evidence that L. monocytogenes does not grow in the product, limit of 100
CFU/g should be applied when the product is on market (frozen products) [20].
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1.4 Hygiene design
Hygiene design is a relatively new area of development when drafting food equipment, but immeasurably
employed in the last decades [29]. The primary response to several serious foodborne illness outbreaks
has been both the increased implementation of the HACCP system as well as other food safety programs
and the increased reliance on third-party auditing programs. Still, foodborne outbreaks also triggered the
modernization of food safety legislative activity regulated by FDA [29]. Nonetheless, when planned from
the moment the factory is being designed, one can project stainless steel surfaces, declined platforms to
avoid water retention, plain plates without angles nor joints, among other structural adaptations that will
allow for an improved hygiene.
The real problem lies on adapting operating factories, some resorting old-fashioned equipment that were
fully planned to focus exclusively in its productivity. Or even, when plants are adapted to process different
produce not thought in the initial strategy, overlapping levels and crossing machinery over the main lines.
Replacing problematic equipment would be the easiest answer to this problem, but not profitable though.
Especially since surfaces of food equipment and related ancillary equipment are divided into food contact
and nonfood product contact surfaces [29] and recognizing the importance of the second due to
environmental contaminations would imply even higher investments.
Therefore, hygiene design is nowadays an adjustment of the sanitation procedures, an improvement in
controlling risk of biological, physical and chemical contaminations and an increment in chasing higher
quality products.
When developing hygiene plans, the selection of key chemicals as detergents and disinfectants is
fundamental. Clearly, they are first selected based on their efficiency proved in each industry. Different
fields of food industry look for different solutions. Particularly, frozen vegetable industry inevitably
attempts to eliminate water associated problems like total coliform bacteria, or particularly E. coli among
them, which are commonly used as an indicator of sanitary quality of foods and water.
Coliforms are defined as rod-shaped Gram-negative non-spore forming bacteria [30]. Their ability of
fermenting lactose with the production of acid and gas, when incubated at 37 oC, gives them aptitude to
inhabit the digestive track of warm-blooded animals [30].
Fighting specific contaminators creates a long-term problem. Listeria spp. is Gram-positive, whereby its
resistance to antiseptics may vary from the one verified by Gram-negative bacteria [31], which would
allow it to find a niche in a supposedly aggressive environment. Bacteria are regularly exposed to sub
lethal concentration of disinfectants. This can impose a selective pressure for acquisition of resistance
determinants or for adoption of initially susceptible bacteria [13].
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II.

Materials and Methods

2.1 Hygiene plan
2.1.1 Chemical products
The composition of the chemical products used in the sanitation procedures (Table 1) allows one to
understand their functionality.
Table 1- Chemical products used on sanitation procedures: description and composition considering the
main components with antibacterial purposes (the products have more chemicals in its composition)

Product

CHE01

CHE02

CHE03

Description

Detergent

Disinfectant

Disinfectant

pH

Main Components

%

NaOH

2.5 - 5

NaClO

2.5 - 5

C18H41N3

3-5

CH3COOH

1 – 2.5

Alcohols

1 – 2.5

CH3COOH

10 – 25

H2O2

5-8

13 - 14

7.5 – 8.0

1.0 – 1.5

CHE04

Detergent

1.5 – 2.0

H3PO4

30 - 50

CHE05

Disinfectant

6-9

VOC

59.4

CHE06

CIP solution

13 – 14

NaOH

35 - 50

HNO3

30 – 50

H3PO4

30 - 50

C6H14O2

10 - 20

(CH3)2C6H3SO3Na

5 - 10

KOH

2.5 - 5

CHE07

CHE08

CIP solution

Degreaser

≈1

13 - 14

10

2.1.2 Production lines
ROW
A total of nine apparatuses compose this production line, downstream the blancher: the product leaves
the blancher into a vibrator plate, which allows it to follow its right path. Sometimes, when cutting is
needed, it leaves the blancher to a cutter machine and only afterwards proceeds to the vibrator. From
here, it follows to a water separator apparatus, to decrease the amount of water that follows with the
product through the line. The product follows to the tunnel belt, where it will run the tunnel and be deepfrozen. It will exit the tunnel by the tunnel exit belt and fall into the grid of the aeroseparator. From here,
it reaches the GeniusTM belt, where it will be selected and rejected in case it presents any imperfections.
When needed, it is sorted by size in a calibrator, and finally falls in the hoppers that lead it to the octabins
where the product stays, while preserved in the cold chamber. Only equipment that will intervene in the
following batch are tested since not all of them were used whenever the line is producing. Thus, testing
procedures may exclude a few of the equipment, depending on the production period.

ROW
This line is longer than ROW but the short course is identical for both lines. Through the longer path, ten
gears were subjected to swabbing in this production line, downstream the blancher: just like in ROW,
the product leaves the blancher into a vibrator plate, following to the water separator. This last equipment
is identical to the one in the parallel line, expect in size, covering a larger area (and so, being heavier).
Once again, like in the other line, when cutting is needed, the product exits the blancher to a cutter
machine and only afterwards precedes to the vibrator. The tunnel belt run and the freezing tunnel
technical features are also like the ones abovementioned for the other line. Regular frozen products,
follow directly to the GeniusTM. Fragile products, after leaving the freezing tunnel, were sent to a
recirculation belt, perpendicular to the line’s route, leading it to the glazing line. The glazer pours a fine
layer of cold water (<0.5 % w/w) over the just frost product, and a conveyor leads it back to the entrance
of the freezing tunnel, at the blancher room. A belt conduces the product into a vibrator plate that will
spread it over a second belt that runs inside the freezing tunnel. When exits the tunnel, drops to the exit
tunnel belt, is selected by the GeniusTM, and a conveyor leads it to an upper level, being then conducted
to the hoppers and stored in octabins. If calibration is needed, the conveyor routs the product to a second
level, where it is divided in different sub lines and is calibrated in drums. Every size-range fraction follows
its sub-line into the respective hopper and to be stored in octabins.
For confidentiality purposes, areas, infrastructures and apparatuses designations were codified and its
numeration is random, not following its continuity in the line. Identical gear have the same designation,
since their function and sanitation processes are similar for both lines. When necessary, these gear
functions and components will also be codified, to keep them unnamed.
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Gross residues are removed with shovels or by hand. Residues covering the line are removed with
pressurized water, at 25bar. This step duration changes with the area. One cleaner is responsible for the
feedstock and the preparation areas. Furthermore, there are one responsible for the blancher room and
another responsible for the tunnel exit room. On the one hand, the first responsible needs never less than
five hours to remove the residues from the line. On the other hand, the second, takes in average 3 hours
to rinse the line upstream the tunnel. Yet, the third responsible, takes in average 3 hours to prepare the
line ROW and 4 hours to wash the line ROW, since it has one more level.
The tunnel takes between 1.5 and 2 hours to defrost. Once it is clear, two non-specialized operators are
allocated here, to wash out the residues. This task takes in average 5 hours to complete, due to the
complexity of the tunnel belts, completely formed by a thin grid that overlaps itself. This rinse occurs with
the belt circulating.
Once residues are completely removed, alkaline detergent CHE01 is applied as a 3% concentrated foam,
acting for 15-30 minutes. Detergent is rinsed and the neutral disinfectant CHE02 is applied as a 1%
concentrated foam, acting for 15-30 minutes, and then rinsed.
The chemicals application is identical for all the equipment along the line, apart from the blancher.
Blancher performs 3 cycles of CIP (Clean in Place), first with water, second with alkaline solution CHE06
and finally with acid solution CHE07. Exteriorly, CHE04 is applied as a 3% concentrated foam, between
CHE01 and CHE02 applications to remove calcification and rust deposits, acting for 15-30 minutes, and
then rinsed.
Once in a while, neutral disinfectant CHE02 is replaced by acid disinfectant CHE03, applied as a 1%
concentrated foam, acting for 15-30 minutes.
In average, from the moment the line stops until it starts, ROW and ROWtake 8-10 hours and 10-12
hours to be sanitized, respectively.
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2.1.3 Packing lines
The product arrives in the packing area already frozen in octabins, contacts with the line for short periods
of time, being released in a bunker. From here falls in a vibrator plate that spreads the crops through a
short selection belt. Two of the lines have human verification and selection of the product, as the other
two have electronic selection. In one line the product is selected by the GeniusTM and in the other by the
Sortex®, and then verified by and X-Ray machine. From here falls in scales where is weighed and bagged
immediately.
Packing lines are considerably shorter than production lines. Thus, one specialized cleaner is responsible
for the complete hygiene session taking an average of 2-3 hours to complete it.
Residues are removed with pressurised water, and this task takes in average 1 hour similarly to what
happens during the cleaning of the production lines. CHE01 is applied as a 3% concentrated foam, acting
for 15-30 minutes, and then rinsed. CHE08 is applied as a 3% concentrated foam, acting for 15-30 minutes
and then rinsed to remove greases from the line when fried or grilled crops are processed. If the latter
does not work, disinfectant CHE02 is applied immediately after the detergent, acting for 15-30 minutes
and, at last, rinsed with unpressurised water.
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2.2 Transwab – Listeria spp. detection in the factory
MW570 LISTERIA ISOLATION TRANSWAB® is a simple diagnostic test, ISO 9001 certified, and can be
applied anywhere in the environment where the presence of Listeria spp. would be critical. This Transwab
works on an enhanced esculin media formulation. The hydrolysis of esculin results in a dark/black product
distinguishable from the fresh medium. Inhibitors are present to obstruct the growth of microorganisms
not included in the genus Listeria spp.
One should peel back the wrapper to expose both caps, and remove the swab. The swab should rub a
surface of about 100cm2, when practicable. After swabbing a surface, the cap of the culture tube is
removed, and the swab immediately inserted, immersing it completely. The culture is incubated at 37oC
for up to 48 hours. The moister level on the sampled surface may influence the results, whereby wet
surfaces may be more suitable to obtain accurate results.
A positive result is indicated by significant a colour change from light brown agar to black/dark brown
commencing around the bud, being that any colour change is significant. Negative results show no colour
change.
According to information provided by the manufacturer, MW570 LISTERIA ISOLATION TRANSWAB® was
tested against a battery of organisms[32], Listeria spp. and non-Listeria spp., to define the detection range
and the accuracy of the growth medium. On the one hand, no change was detected when organisms like
Staphylococcus aureus, Bacillus subtilis, Escherichia coli, Salmonella typhimurium, Pseudomonas
aeruginosa, among other pathogens, were tested, even with initial sample concentrations over 10 6 CFU.
On the other hand, the medium changed to black when tested to several Listeria species, Table 2, at
different microorganisms’ concentrations.
Table 2 - Battery of Listeria spp. organisms tested against MW570 Listeria Isolation Transwab®[32]
Organism

CFU in Sample

Listeria monocytogenes NCTC 11994

7

Listeria monocytogenes NCTC 5214

19

Listeria monocytogenes NCTC 7973

15

Listeria ivanovii

10

Listeria innocua NCTC 11288

9

Listeria seeligeri

1×104

Listeria welshimeri NCTC 11857

1×103

Listeria murrayi

1×105

Listeria grayi

1×105

Considering the low detection range shown in the table above, this is considered a precise test.

14

2.3 Biotox – Listeria spp. detection in the produce
One sample between 200 and 300 g of concluded product is taken every 24 hours, per line, in a 650mL
VWR Sterile Sample Bag, and stored at -20 oC. Laboratorium BIOTOX is responsible for testing product
samples.
First, from the taken sample, 25 g of product is tested. Listeria spp. presence is verified, in VIDAS medium,
according to the standard AFNOR BIO 12/2 – 06/94, through ELISA method (immunoassay method).
If Listeria spp. is present in the sample, confirmation of Listeria monocytogenes is required. The presence
of the latter is accounted through the detection method permissible by the standard AFNOR BRD 07/16 –
01/19 using a 25 g sample.
From the moment the counts are different, and so higher, than 0, the sample is considered contaminated.
Counts higher than 10 CFU/g are reported with complete values, as samples that would be admissible are
reported as <10 CFU/g.
The colony count method that follows ISO-11290-2 is applied when one or both methods confirm the
pathogen presence in the sample, returning results in CFU/g. Upper limit was established in 100 CFU/g.

2.4 Air sampler – Total mesophilic count in the air
SAS Super ISO, VWR Collection, is a hand portable microbial air sampler, able to accommodate a 90 mm
Petri dish. The SAS Super 100 samples 100 litres per minute, coupled with a head with 219 holes.
A Petri dish with 25mL of solidified Plate Count Agar (VWR) is placed in its head and the sampler is set to
run for 150 seconds.
The sample is incubated at 30oC for 78 hours, allowing colonies of mesophiles to grow. One should
consider the sample 10 times diluted relative to the inlet air.

2.5 Listeria spp. environmental adaption
ALOA agar plates were prepared according to the medium indication. 33 g (Mettler Toledo, PB3001-S) of
base Listeria agar acc. OTTAVIANI and AGOSTI (VWR) were added to 476 mL of water, and taken to boil
with thorough agitation, to homogenize the solution (IKA® color squid) . It was then autoclaved for 15
minutes at 121 oC. After cooling until approximately 50 oC, ChromoCult® Listeria Agar SelectiveSupplement and Enrichment-Supplement were added, while agitated. Then 20 mL of medium was poured
in 90 mm Petri dishes and, since innocuous ambient was possible working a laminar flow chamber, the
caps were left out for fast solidification.
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To isolate a single strain of Listeria spp., a positive Transwab from the “cleanest” site of the factory was
sampled, and plated. A detached colony was plated in a fresh plate 48 hours later. To decrease the results
variability dependent on the adaptive characteristics that different strains would have, isolates of colonies
of this same sample were used through all the following experiments.
To study the ability of Listeria spp. to take advantage on the available calcium in the food matrices and its
pH resistance, this ALOA basic medium was altered accordingly.
For every 100 mL of ALOA basic medium, 4 mL of a previously prepared solution were added. The addition
of one millilitre of supplement per plate medium should not interfere in solidification or solubilisation
rates of the commercialized medium.
To test calcium limitation in growth, since solubility of calcium carbonate is extremely low (14,00 mg/L
[33]), the study was performed with calcium chloride 2-hydrate powder PA-ACS, 147,02 g/mol, (Panreac).
Higher concentration in the Petri dish was established as 450 ppm of calcium, and so the added millilitre
should be 9000 ppm of Ca2+, being the main solution 33.1 g/L in CaCl2. For that, 2.32 g of CaCl2 (Mettler
Toledo) was added to 70 mL of distilled water. All the other reagents were of analytical grade and used as
acquired without any further purification. The water used in all experiments was obtained from a Milli-Q
system (Millipore, Bedford, USA), unless otherwise specified. The remaining solutions are obtained by
successive dilutions of this first, saving 20 mL of every achieved solution, in a 50 mL Erlenmeyer. The
characteristics of each condition tested are summarized in Table 3.
Table 3 – Water quantities added to the initially prepared solution of CaCl 2 to obtain the next wanted
concentration
Volume of the

Calcium

Volume of the

concentration in

solution with the

the aqueous

“wanted”

solution

concentration

ppm

g/L

mL

mL

mL

450

9.0

70.0

50.0

-

350

7.0

64.3

44.3

14.3

250

5.0

62.0

42.0

17.7

150

3.0

70.0

50.0

28.0

100

2.0

75.0

55.0

25.0

Wanted
concentration in
the Petri Dish

remaining

Volume of water

solution with the

added to the

previous

original solution

concentration

The five Erlenmeyer flasks were autoclaved at 121oC for 15 minutes, and each solution was added to the
base medium only after the supplements were added to it.

16

To understand how to manipulate medium pH, a 1M HCl solution was added progressively to 40 mL of
the base medium, and its pH was monitored by a potentiometer. HCl solution was prepared in calibrated
volumetric flask, adding 16.5 mL of pure HCl (37 %), completing the volume of 200 mL with distilled water.
This procedure made possible to obtain a linear relation between the addition of hydrochloric acid and
the decrease of the medium pH. Data presented in Appendix I.
Since acid solutions are not allowed in the autoclave and since sterility is required, the addition was
performed with a Millex® 0,45 mm, PVDF filter and a syringe. The characteristics of each condition tested
are summarized in Table 4.
Table 4 – Volume of 1M hydrochloric acid (mL) added to 100 mL of base medium to reach the wanted
pH.
pH

6.5

6.0

5.5

5.0

4.5

4.0

mL

0.5

1.0

1.5

2.0

3.0

4.0

With the purpose of collecting similar quantities of bacteria for inoculation of media, a loop full of an
isolated strain in a plate culture was inoculated in an aqueous medium to allow so. To guarantee
disaggregation of the colonies and so, homogeneity of the inoculum, the collected isolated strain was
added to Modified Listeria Enrichment Broth (MLEB) with thorough agitation.
Modified Listeria Enrichment Broth [34] was prepared, adding 3.8 g of Tryptic Soy Broth (Liofilchem, Italy),
and 0.75 g of Yeast Extract (OXOID, England), to 125 mL of deionized water. The solution was autoclaved
for 15 minutes at 121 oC.
Test-tubes were autoclaved with 9mL of distilled water, to allow 10 times dilutions of the initial medium.
One millilitre of the initial inoculum was added to one tube diluting the solution 10 times, one millilitre of
this solution was added to a new tube, obtaining a 100times diluted solution, and so on until every
predefined solution is obtained.
To relate the OD with the number of CFU, the inoculated Erlenmeyer was maintained at 37 oC for 48 hours,
slightly agitated at 100 rpm. Similarly, OD600nm was registered at the inoculation moment, and at 2, 4, 24
and 48 hours respectively. A volume of one microliter of the broth was diluted 1, 5 and 6 times and 1 mL
was added to a plate with regular ALOA. The latter was incubated for 48 hours at 37 oC.
A fresh aliquot of the broth was inoculated, its OD600nm registered and new dilutions prepared.
Quadruplicates of the plates with the modified ALOA media were plated with 100L of the cell
suspensions 10 times diluted, to the seventh dilution. Two of every of these four plates were incubated
for 48 hours at 37 oC, and the other two were kept at 4 oC for 120 hours and then incubated for 48 hours
at 37 oC.
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III.

Results and Discussion

To evaluate the presence and incidence of Listeria spp. on the production and packing lines, four zones of
contact were established. Zone 1 was defined as the equipment that contacts directly with the product,
immediately after hygienic actions, downstream the blancher. Zone 2 was defined as the infrastructures
of those same equipment, during production, that is, while product is running through the line. Zone 3
corresponds to the factory infrastructures, not contacting directly with the product, then influencing the
factory environment inoquity. Finally, Zone 4 represents the surroundings of the factory, like offices,
bathrooms or the cantina, that affect the operators’ cleanliness and will later influence the remaining
zones.
Encrypted areas as the tunnel exit, the preparation room, the feedstock area, the freezing tunnel and the
blancher room are named as ROOXX. ROWX is then the designation of specific transformation or packing
lines. The code EQPXX includes transformation apparatuses and pieces of equipment. Among these are
belts, the blancher, vibrator plates, receiving platforms, calibrators, cutters, the Genius TM, the tunnel
freezing belt, drums, blades and another specimen of this kind. Infrastructures as ceilings, walls, floors
and sewages are codified as INFXX. The utensils and accessories as boots, uniforms and spreaders are
grouped in the UTIXX cluster. Produce transformed or packed in the factory, as well as raw material in
general, as tomato, capsicum, onion, peas, broad beans, zucchini, and aubergine were coded as PROXX.
The stage of transformation of produce, as glazed, blanched, washed, frozen or decontaminated, are
signed as STAXX. Last, the chemical products used to sanitize the factory are encoded by CHEXX.
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3.1 Listeria spp. incidence in the production line
3.1.1 Swab results – Listeria spp. detection in the factory
Swab results were grouped in two production periods. The first period contains the study of historical
information collected by the company between June 2016 and February 2017. The second set covers the
swab results collected between April 2017 and August 2017. Along the second period hygiene
interventions were attended. Different cleaning systems were executed with implementation of
mechanical action and stronger acidic disinfectants were applied more frequently after training was
provided to operators and site managers.

3.1.1.1 Sanitation efficiency against Listeria spp. contamination
Zone 1 represents the most critical area of interest. To validate hygiene sessions, four or more pieces of
equipment along the line were swabbed, after sanitation and immediately before the production run
starts. These apparatuses are all comprised between the blancher and the hopper, that is, the equipment
that contact with the product from its disinfection till its collection by the end of the line. It is important
to refer that the lines are sanitized in its full length. However, no swabs were applied before the blancher
since the product is decontaminated when blanched. Hence, despite higher in probability, contamination
risks were considered less relevant upstream this equipment.
The swabs were applied inside the equipment, exactly where the product passes through. Positive results
represent high risk of contamination, which may compromise the entire production batch run afterwards.
Positive results also mean that inefficient or inadequate sanitation procedures were being applied. One
works with the purpose to obtain exclusively negative swab results, or, at least, improve general results
obtaining less positive results while changes and progresses are sited.
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i.

First testing period

The swab negative results obtained for the first period of testing are presented in Figure 3 as probability
of occurrence.
EQP01
0.1
EQP20

EQP03
0.1
0.0

EQP19

EQP05

0.0
EQP18

EQP07

EQP17

EQP08
EQP09

Figure 3 - Swab relative results for Zone 1, in the first period of testing, between June 2016 and February
2017. Yellow line represents ROW and blue line represents ROW negative swab results. A negative
result means when immediately after hygiene procedures Listeria spp. was not detected in each
equipment. Ideally, both lines, yellow and blue, should cover the external line of the radar graph,
representing 100 % Listeria spp. free results.
Only 50 % of the registered hygiene sessions in the ROW showed the equipment completely free of
Listeria spp. during the first swabbing period. For the same period, 58 % of ROW cleaning sessions
resulted in a line totally free of Listeria spp. Despite being a lower number than intended, it suggests that
when the actual cleaning plan was applied thoroughly, it was possible to obtain satisfying hygiene results.
This also indicates that one or more apparatuses were left dirty when the line was washed, which may be
resulting in contamination sites.
EQP05 of ROWwas not used in this period and consequently not tested, while EQP09 is exclusive to
ROW, and therefore there were no data relatively to these two points in the yellow line.
Equipment EQP18, as shown in Figure 3, was the only one free of Listeria spp. 100 % of the times that was
swabbed immediately after hygiene procedures were performed for both production lines. EQP18
receives the product from ROO04 already STA02, and transports it through the line. It is not a complex
equipment and, despite being plastic and extremely articulated, was replaced relatively recently and its
surface was widely exposed, which attributes should contribute to its easy cleanse.
EQP05 and EQP09 were exclusively tested in ROW during this first period, and were also free of Listeria
spp. immediately after sanitation every time. Considering EQP09 exposure to the operator, and since it
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contacts with the product STA02 for a short period of time, EQP09 was probably less contaminated by the
end of the run and its edges do not accumulate residues, being an easy equipment to wash. There is,
though, the possibility that these results may not correspond to the reality. Due to its design, it was
extremely hard to swab the interior of EQP22 of this equipment. The latter was yet surrounded by EQP10
for security purposes making it even more difficult to access.
EQP01 receives the product STA02 that falls into its vibrating EQP10 allowing the product to dissociate in
small pieces when clumps formed during freezing. The engine STA03 at a certain flow rate, allowing the
product to spread before preceding to the next equipment. Zone 1 of this gear was usually swabbed at its
EQP10 or at the surface of its vibrating EQP13, where the product contacts directly with. However, the
engines should be tested too from now on, once the STA03 may contaminate the product when starts
functioning. Considering the slightly worse results obtained for ROW, where 6 % of the swabs resulted
in positive presence of Listeria spp., residues were probably not being properly removed from EQP10 part
of EQP01. Some products processed in this production line leave a significant amount of minute residues
that get neglected when washing leading to a contaminated equipment.
EQP08 swabs present significantly better results for ROW, for which only 6 % positive Listeria spp. results
were obtained, while ROW showed 3 times this value. This equipment is by the end of the line in ROO05
and receives the product STA02. Usually its EQP02 was the swabbed compartment, being that it carries
the product along the line and contacts with it for longer than the previous. This is due to its retarding
role to allow EQP08 to do the product sorting. This EQP02 is a plain plastic continuous apparatus,
completely exposed to the washer except where it merged with the EQP21. Hence, this may be the EQP08
compartment that was compromising its cleaning. The disparity between lines, is probably due to the fact
that ROW has more gears to wash in this area. Nonetheless, the responsible operator had the same
means to proceed. Thus, the cleaning procedure might have been compromised.
EQP17 presented only 5 % and 11 % positive swab results for ROW and ROW, respectively. This was,
from all the results, the most surprising for being so low because this equipment was extremely long, very
articulated and composed exclusively of metallic rings, so, punctured from edge to edge. This allowed
residues to stick to its irregularities and to accumulate in its structure. Another considerable disadvantage
of this equipment was that it was only possible to start its cleaning once ROO04 had already completely
defrost. The previously referred operation takes usually about 2 hours, depending on how long it had
been working non-stop. Usually, two unspecialized operators are allocated here to remove residues, using
water exclusively, for over 5 hours. The engine that moved EQP17 was continuously running, enabling the
washers to reach the totally of its surface. However, due to its nature, residues got trapped in the reverse
of the EQP17 once its surface was being washed.
Listeria spp. was absent immediately after sanitation 78 % of the times EQP03 and EQP19 were swabbed
(76 % in EQP03 for ROW). Both these apparatuses were allocated at ROO01, an area that presented a
higher average temperature. This was also an extremely moist space, where water was vaporized while

21

the line was running. This, for itself, gave microorganisms better conditions to proliferate. Despite this,
EQP19 was a plain stainless steel EQP13 completely exposed, without wrinkles and dumps. Thus, both
residues removal as well as chemical application were extremely easy. Consequently, immediately after
hygienic implemented procedures, it should be Listeria spp. free. On the one hand, EQP19 was the first
gear that contacts with the product once it was STA01, and if it was contaminated, it may compromise
the entire production batch. On the other hand, EQP03 was a big, hollow, irregular equipment, that had
a punctured plastic EQP02 continuously circulating, that was exposed to the exterior only in some
fractions of EQP03. The extremity of this equipment was a plastic fall, so overworked that scratches were
visible in its full length. This set of factors makes this an extremely difficult to wash apparatus. Hence, it
was not surprising that the absence of Listeria spp. is far from total. The fact that EQP03 purpose is to
STA04 the product is what turns this result unexcepted and even more unacceptable. A minor presence
of microorganisms should be present in EQP03 by the end of the batch production, otherwise its operation
may be compromised. If bacteria are still present after completion of hygiene procedures, it means that
those procedures were inefficient. Moreover, that before those hygiene procedures, bacteria were
already present in the gear. As a result, this contaminated equipment was responsible for the STA04 of
the product at the start of the run. Being unable to fight a contamination, the product will most probably
end the run also contaminated.
Both EQP17 and EQP20 are critically located, receiving the product immediately after STA01 but before
inflowing ROO04. This means that the inefficient cleaning verified in both these apparatuses may be
compromising the line downstream. EQP20 is either swabbed in its EQP13 or EQP10 and surprisingly the
results are usually as bad in its plane side. The EQP10 is detachable, but extremely heavy and thus not
always removed when washing. Worse results were expected to ROW since it is bigger and heavier than
its similar. However, the residues that were trapped in EQP10 have higher influence in its contamination,
once none of the EQP10 was scrubbed. Meanwhile, only 56 % of the swabbing results is negative for
ROW, while 75 %was observed for ROW, contradicting the expectations. The inaccessibility to one of
ROW flanks may be the reason to this.
Last, the unacceptable results obtained for EQP07 in ROW may have to do with the fact that it was used,
and so swabbed, only for half of the first period testing time, due to the fact that not all the equipment is
necessary according to the product that is being transformed. Even, 62 % of the times EQP07 was swabbed
after cleaning presented Listeria spp. contamination. The probability of contamination was almost half for
the other line, where 67 % of the swabs were negative in ROW. This means that its EQP23 trap residues
and allow the creation of an environment where bacteria proliferate, and EQP23 are extremely difficult
to wash since it must be caged for operators’ safety.
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ii.

Second testing period

The swab negative results obtained for the second period of testing are presented in Figure 4 as
probability of occurrence.
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Figure 4 - Swab relative results for Zone 1, in the second period of testing, between April 2017 and June
2017. Yellow line represents ROW and blue line represents ROW negative swab results. A relative
result means when immediately after hygiene procedures Listeria spp. was not detected in each
equipment. Ideally, both lines, yellow and blue, should cover the external line of the radar graph,
representing 100% Listeria spp. free results.
While the hygiene procedure was equivalent to the one in the first period of testing, 55 % of the swabs
were negative for Listeria spp. presence immediately after sanitation, for both lines. In average, this shows
that the procedures were taken with the same thorough and had the same efficiency. It is though
important to refer that this period of testing is significantly shorter than the previous, and that the
products that run in the lines were of different nature.
EQP07 of ROWwas not tested, while EQP09 is exclusive to ROW, and therefore there are no data
relatively to these two points in the blue and yellow lines, respectively.
Following the tendency for good results after sanitation, EQP01, EQP08 and EQP18 were correctly washed
and absent of Listeria spp. immediately after hygiene procedures during this period. EQP08 improvement
may be related to the products run in the lines that leave different kinds of residues, being easier removed
with water ejection, than the previous.
EQP05 tendency was maintained. The hygiene procedures were 100 % efficient in ROW, while 91 % of
the times eliminated Listeria spp. in ROW. EQP05 in ROW are composed of EQP10 that receives the
product with the help of an EQP19, while in the other line EQP05 consists of large moving EQP22. As a
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result, these gears have the same function but have different features. Considering the equipment design
features, washing ROW’s EQP05 was easier, and so better results were expectable and justified.
EQP17 sanitation did not seem to be related to the product processed in the line, since it presented, in
average, the same results as in the first period. Presenting only 9 % positive results for ROW and 14 %
for ROW, the cleaning procedure applied so far may have reached its maximum efficiency for EQP17.
Due to its nature, this equipment should be disinfected with stronger chemicals. Residues can get trapped
in its interior and it is completely unviable to disassemble it during production.
The emergence increased in positive results on EQP03, especially in ROW where it showed 50 %
contamination probability after sanitation. This equipment for itself should be the less contaminated, due
to its purpose. During PRO05 and PRO06 production, especially while anti-foam products were not
allowed, the line got covered in a brown clayish protein that was extremely difficult to remove. Inside of
the EQP03, probably due to the high temperatures it was submitted to, this substance was strongly
adhered to all the inner surfaces of the equipment, and even deposited on the bottom as an extremely
dense mud like residue. Even after CIP cycles, acid application, and scrubbing with sodium hypochlorite
solutions, there were still deposits that almost certainly contributed to these unwanted results. There is
also the possibility that the scraper of the EQP02 of EQP03 and even the EQP02 itself are getting damaged
with time, and biofilms are forming in its scratches and roughness.
EQP07 was not used during this second period in ROW, but its sanitation was as compromised for ROW
during this period as it was for the other line during the first period. Only 33 % of the testing revealed the
equipment was free of Listeria after hygiene procedures. It was mentioned above that EQP07 is
unreachable during sanitation, so chemical alternatives should be considered to clean it more efficiently.
EQP09 shows a slight worsening in hygiene results. Only 86 % of the results were negative. Considering
the abovementioned description of the apparatus, these results may have occurred due to neglected
hygiene sessions that followed long batches and thus with enhanced the microbiological growth that
allowed the development of strongly adhered biofilms.
Apparatuses EQP19 and EQP20 kept their average results. EQP19 was Listeria spp. free immediately after
sanitation 80 % and 75 % of the times for ROW and ROW, respectively, while EQP20 was correctly
sanitized 64% of the times. Concerning the EQP20, it was possible that biofilms were forming here, unable
the elimination of this contamination focus at least if disinfectant is not applied together with mechanical
action. The equipment is made of smooth stainless material which misleads the operators who assume it
is easy to clean. Perhaps, as the EQP19 that precedes it. In fact, there is a chance that the problem of this
equipment is its structure. During production, a considerable quantity of residues got trapped
immediately under the grids of EQP20. Since the temperature in this area is almost constant during
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production and the environment is extremely humid, it would not take long for biofilms to form here.
Listeria spp. forms strong biofilms and have the best conditions at this particular point.

iii.

Coaching period

To understand if the current hygiene plan could be optimized without major alterations, all the operators
and site managers somehow involved in sanitation procedures received specialized training in eliminating
Listeria spp. during the washing processes. The importance of sustaining the adequate actuation time of
the chemical products, to guarantee its efficiency was emphasized, as well as mechanical action
application while detergent is working. The concept of biofilms and microorganisms were introduced to
the working teams, so that annihilation of these contamination focuses would start to be a real concern.
Until this point, the factory working force was exclusively concern in eliminating visible residues.
To establish a starting point, the main EQP02 and structures were disassembled, CHE03 and CHE04 were
applied thoroughly along the line, and both the interior and the exterior structures of the apparatuses
were scrubbed and brushed, to eliminate all the residues and break the biofilms covering the equipment.
Then, at this point, every site that was tested was confirmed both Listeria spp. and total coliforms free.
These coaching sessions occurred mid-June 2017 and from this point on to the end of the second period,
scrubbing and acid disinfectant application were permanent instead of periodical, which revealed results
much closer to the ideals than before, presented below (Figure 5).
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Figure 5 - Swab relative results for Zone 1, in the third period of testing, between June 2017 and August
2017. Yellow line represents ROW and blue line represents ROW negative swab results. A negative
result means when immediately after hygiene procedures Listeria spp. was not detected in each
equipment. Ideally, both lines, yellow and blue, should cover the external line of the radar graph,
representing 100 % Listeria spp. free results.
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Successive minor alterations were needed for a long way in improving hygiene outcomes. It was possible
to eliminate and keep the lines almost free of contamination during a period of intense production.
EQP05 of ROW was not used during this period and consequently not tested, while EQP09 is exclusive
to ROW, therefore there are no data relatively to these two points in the yellow line.
The EQP20 is still the major problem in ROW being Listeria spp. free only 50 % of the times it was tested
immediately after sanitation. As previously referred, this equipment consists in a plain smooth EQP13,
followed by an EQP10 that permits water to fall and the product to proceed in the production line,
succeeding to the EQP17. There is still no explanation for these unwanted results. However, the formation
of strong biofilms is still the most plausible one. EQP19 was still one of the most problematic pieces of
equipment. Nonetheless, the team could clean it properly about 67 % of the times.
Considering ROW, one must keep in mind that this line is longer, upstream and downstream the EQP03.
Hence, the cleaning team needs more time and to do a greater effort to wash and hygiene this line
properly. Still, the improvement of results was as accentuated as in the other line. EQP20 was always
contaminated. Thus, the hygiene procedure as to be differently adapted to this gear. Furthermore, it was
the only piece of equipment that stayed contaminated after the training sessions and thus, while
sanitation was perform carefully.

3.1.1.2 Listeria spp. incidence in grey areas of equipment
Zone 2 includes equipment structures and accessories that contact with the foodstuffs during its
transformation. The flanks of the equipment where the processing occurs are the swabbed sites since the
platforms and belts where product circulates cannot be examined while running for food safety reasons.
The contamination of this zone means high risk of product contamination, since it is impossible to control
the extent of the contamination if the run keeps in succession. Until the line is stopped to sanitize, positive
swab results may indicate positive results in the product, further on.
Grey areas like angled falls, belt structures and grids may discontinue the regular product course,
accumulating it in corners and hidden places. This accumulation of residues in the line allows microbes to
grow. The residues may rot in place and compromise the fresh product that crosses it. Residues may also
compromise the entire batch if pieces of this decomposing mass are dragged until the end of the line,
being stored with good product and spoiling it already in the cold chamber.
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i.

First testing period

The swab positive results obtained for the first period of testing are presented in Figure 6 as probability
of occurrence.
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Figure 6 - Swab relative results for Zone 2, in the first period of testing, between June 2016 and February
2017. Purple line represents ROW and green line represents ROW positive swab results. A positive
result means, while during production, Listeria spp. was detected in each equipment structure. Ideally
the lines should be a spot in the centre of the radar graph, representing 0% Listeria spp. presence, i.e.
100% Listeria spp. free results.
One should consider that water is dragged along the line and moister is present in all the factory rooms,
allowing Listeria spp. to easily spread.
First, one can verify that between EQP03 where the product is STA04 until the EQP11 where it falls into
the octabins, all the apparatuses structures are contaminated. Per se, this means that there is a high risk
of contaminating the product while processing. During processing, it is not allowed to intervene in the
line, once disinfection actions could compromise the product. Still, running shorter batches would permit
to wash the line more frequently, decreasing the contamination propagation. In average, 83% of the
swabs immediately after sanitation show negative results. However, around 48% of the swabbing during
production demonstrates Listeria spp. presence, virtually increasing the risk of contamination by 100 %.
EQP05 and EQP09 were not tested for ROW during this period, therefore there are no data relatively to
these points in the purple line.
EQP07 was always contaminated with Listeria spp. in both lines of production during the complete first
period of testing. This may be consequence of the improper sanitation verified above. In average, 35 % of
the swabs were positive for Listeria spp. presence (Figure 3, Figure 4) immediately after hygiene
procedures were applied in EQP07, and it does not decontaminate while in process. There is also the fact
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that this gear is caged and composed by EQP23, where residues are trapped. Over time, these residues
start putrefying, and being this equipment placed at ROO01 where moister and temperature are both
relatively high, the microorganisms have good conditions to propagate.
EQP05 and EQP09 were tested exclusively in ROW during this first period and in average were
contaminated 30 % the times that were swabbed during production, Figure 5. These pieces of equipment
were compromised already while the line was running considering the absence of contamination
immediately after sanitation. EQP09 receives the product STA02 and spreads water on in. However, and
despite the low temperature felt in ROO05, the splashes may be the contamination vectors, if the product
was contaminated when reached this point. EQP05 receives the product once it leaves the ROO04 already
STA06, and EQP05 is close to a low ceiling. Thus, condensates may fall directly on the product. One will
further analyse that the ceiling might be considered a contamination vehicle.
EQP12 and EQP16 are handled directly by operators and this may contribute to their high contamination
levels. EQP12 contacts directly with the product after STA02 and since it is handled by different people
through all the shifts of a batch, it represents a high risk to product inoquity. When testing ROW, EQP12
presented Listeria spp. contamination 56 % of the times it was tested. Additionally, EQP16 presented
contamination 44 % of the times when similarly analysed. Swab results for ROW resulted positive more
frequently, 63 % for EQP16 and 75 % for EQP12 respectively.
EQP11 is not included in the group of apparatuses tested immediately after sanitation, since its hygiene
is simple. EQP11 consists of a funnel formed by plain EQP13, but it is the last equipment in ROO05.
Consequently, contamination at this point means that the final product will all be in contact with a
possible contamination focus. Results for Listeria spp. swabs for EQP11 of ROW where positive 20 % of
the times. Nevertheless, 50 % of the results for EQP11 of ROW were positive. Hence, 50 % of the
production could have been compromised. This gear receives the product that comes in the last EQP02,
and so is slightly overlapped by the latter. While in production, residues that accumulate in its scraper
begin to defrost and when the run is too long get even into an initial rotting phase. From such
agglomeration, if prolonged, juices fall directly over EQP11. Thus, even though it may not be contaminated
by the receiving product, this fact may be the problem and the fraction of the time that the product
contacts with EQP11 may be enough to be exposed to the contamination focus.
EQP03 swab results were positive 30 % and 50 % in ROW and ROW respectively. Some produces suffer
strong and fast oxidation and once trapped in uneven parts of equipment or under it, begin to rot. All the
product that enters the line after this, will get in contact with it, and probably will even drag these old
residues downstream. So, not only these places, where accumulation is verified, become contamination
focuses, as they will eventually contaminate the rest of the line. If these residues reach the end of the
line, may also compromise the batch of product that is stored with it. The fall from the EQP02 of EQP03
is a critical point. This is the first spot where the product accumulates. So, the product that is leaving the
EQP03 gets in contact with a contamination focus immediately after the STA04 step, which could be
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invalidating it completely. It is important to consider swab results immediately after sanitation, which may
be critical to the results obtained during production. Nonetheless, it is extremely important to bear in
mind that this accumulation of product at the end of the EQP02 of EQP03 will always allow bacterial
growth. Thus, there is the possibility that this structure would be positive for Listeria spp. during
production even if the microbe was eliminated from the equipment when washed.
EQP08 presents the average minor presence of Listeria spp. during production for both lines, 33 % in
ROW and 25 % for ROW. Considering that initially it presented contamination more often in
ROWFigure 3, one can conclude this equipment was not significantly compromised during production,
despite still having the potential to become a focus of product contamination.
EQP17 and EQP20 present positive swab results 44 % and 22 % for ROW and 50 % and 44 % for ROW,
respectively. EQP20 is amongst the most difficult to properly sanitize during the first period. As
abovementioned, this equipment consists in two pieces. The first is a plain EQP13 where produces are
separated from water, but it does not have corners or scratches. Hence, no residues are trapped here.
The second piece is an EQP10, to allow the water to fall, and here a significant number of residues are
accumulated. The product reaches here STA01 but not STA02 yet, decomposing easily due to the average
temperature of ROO01. Otherwise, EQP17 is composed by a fine EQP10 and so it would easily trap
residues that could contribute to its contamination. However, the low average temperature felt in the
ROO04 may decelerate microbiological growth and activity, controlling this way the contamination
spread.

ii.

Second testing period

For Zone 2 there was no distinguishing periods before and after operators’ instruction, since hygiene
procedures were still not implemented while the lines were producing.
The second period of testing results for Zone 2 were substantially further from the ideal, as Figure 7
illustrates, and the coherence between results obtained in both periods for Zone 1 was not verified. One
must consider the importance of the produces processed as well has the seasons, i.e. average ambient
temperature, significantly higher during the second period.
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Figure 7 – Swab relative results for Zone 2, in the second period of testing, between April 2017 and
August 2017. Purple line represents ROW and green line represents ROW positive swab results. A
positive result means, while during production, Listeria spp. was detected in each equipment structure.
Ideally, the lines should be a spot in the centre of the radar graph, representing 0 % Listeria spp.
presence, i.e. 100 % Listeria spp. free results.
Considering these results, one realises that the length of the line may contribute to its filthiness. The
longer the run, the higher the probability of the contamination to spread, as a result of maturated residues
being dragged along the line and staying unwashed for longer periods. For a significant term of the second
period, PRO01 was processed in ROW, being the product with higher contamination incidence. One will
closely exploit this result furtherer in the text.
EQP05 and EQP09 there not tested for ROW during this period, therefore there are no data relatively to
these points in the purple line.
Hardware like EQP01 and EQP08 that were efficiently clean against Listeria spp. (Figure 3, Figure 4),
present contamination during the totality of the production period in ROW However, EQP01 was Listeria
spp. free when ROW was swabbed. Considering the disparity of Listeria spp. presence in EQP01 in both
lines, one must hypothesise different scenarios. The difference in the results might be due to the fact that
contamination can be carried by the processed product since not all the crops are treated in both lines.
Seeing EQP08 contamination incidence, the probability of positive swab results increased significantly
comparing with the first testing period.
Under the EQP08, the residues and juices of the product got trapped on the structure of the EQP02 of
EQP08, which led to a deposit on the EQP13 under the EQP08. The fact that it stayed there for a few days
allowed that mass to accumulate and it became very difficult to remove at the time of the washing. Later
it was scrubbed when the residue was already dry, making it almost impossible to completely remove the
mass. This may contribute for the positive Listeria spp. results in the EQP08 structure and accessories.
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EQP03 Listeria spp. incidence switched in lines, odds being 50 % for ROW and 33 % for ROW in the
second period. Thus, the average probability of occurrence is steady, even when sanitation efficiency
improves (Figure 3, Figure 4).
Contamination probability in EQP12 and EQP16 increased expressively. Tests were Listeria spp. positive
100 % and 80 % for EQP12 and 50 % and 71 % for EQP16, in ROW and ROW, respectively.
Considering the shorter time of testing and that through most of it ROW produced PRO01, the high
incidence of contamination in EQP05 and EQP09 may advert from it. Swabs were positive 50 % and 67 %
of the times for EQP05 and EQP09 respectively. Nevertheless, there is a chance that, if more samples were
considered, allowing for a longer period of testing and different products to run in the line, this incidence
would decrease to the levels verified in the first period.
There is no data for sanitation efficiency for EQP07 in ROW, during this period before coaching
sessionsFigure 4. However, during production the probability of detecting Listeria spp. in such
equipment and line was 33 %. For ROW, swab results during production were not surprising. This was
the product with higher incidence of contamination immediately after clean, being the probability of
positive results of 100 %.
EQP11 Listeria spp. occurrence is once again more probable in ROW then in ROW by 20 %. This may
result from the fact that ROW is longer, and runs products that leave more residues along the line,
increasing the possibility of degradation on the line, that will be dragged through it until the end. The odds
verified in the second period are slightly higher than for the first. Again, as in the case of EQP09, this may
be related with the duration period for sampling.
EQP17, EQP19 and EQP20 show significantly higher probability of finding ROWcontaminated (57 %, 83
%, 100 %), than ROW (38 %, 33 %, 57 %). Bearing in mind that those are the ones presenting more
positive swab results immediately after hygiene procedures (Figure 3, Figure 4), and since these odds
considerably increased comparing to the first period, the influence of the products processed, especially
in ROW, is weighed again.
ROW is extremely long and aggressive for the product. PRO01 is under adverse conditions much longer
than the other products. It also happens that PRO01 leaves vast amounts of residue behind (comparing
to most of the other products) due to its fragile tips. This residue is small and slimy when wet, whereby it
sticks to every piece of equipment. Another problem with this PRO01 production is that the line operates
for longer periods than with other products. Further in the text, one will see that PRO01 is the most
contaminated product and this may have to do with process cross contamination along the line.
Upstream the ROO01 this line is already problematic. It is a section longer than usual when running PRO01
and thus have an increased possibility of degrading residues being dragged along the line.
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Downstream the ROO04 the high incidence of contamination is alarming, since it will run for a long period
after being STA01, and no other STA04 step occurs. The conformation of selection EQP02 allows the
accumulation of considerable amounts of waste on its structure. With the equipment rotation, this waste
gets maturated and is continually spread on the belt. The contamination is so deep, that once the EQP02
are removed and its structures exposed, filthiness is covering them.
Another problematic retention point at this stage is the small waste EQP02 by the end of the line. It
receives discarded product that, once again, gathers to the rolls at the EQP02 extremities and when its
capacity is overflown the waste falls. However, this EQP02 slightly overlaps the EQP11, where final
product is falling, which may be contaminating both the equipment and the product itself. STA06 path is
also problematic, when the product returns to the ROO01 and contacts with a warmer environment. It
would not be a problem, given this takes just a few seconds, if the equipment that are inside this room
did not compromise the process, but they do. Here, is the point where the product contacts with residue
in its most advanced decomposition state. Once knowing that deep freezing is not enough to fight Listeria
spp. growth, this may be the most problematic possible contamination point.

3.1.1.3 Listeria spp. incidence in factory infrastructures
Zone 3 represents the least critical area of contamination. Building infrastructures like walls, floors, ceiling
and sewages are swabbed four times a week, while production lines were operating. Positive swab results
in this testing sites attest that the factory environment is contaminated. Still the risk of compromising the
product stays low, since it never contacts with it.
The building infrastructures like walls and high ceilings are sanitation targets only during general hygiene
sessions and when the factory is stopped due to maintenance. Room floors, low ceilings and sewage
intakes are sanitized at the same time as the lines. However, one does not verify higher tendency for these
infrastructures to be Listeria spp. free more often than the first ones. In general, Listeria spp. is present
all over the factory, especially in critical areas like ROO01 and ROO05.

i.

First and second testing periods

In average, both testing periods showed the same problematic areas, and high presence of Listeria spp.
in those areas. The swab positive results obtained for the first and second periods of testing are presented
in Figure 8 as probability of occurrence.
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Figure 8 - Swab relative results for Zone 3, for both testing periods. Orange line represents the first
testing period, between June 2016 and February 2017 and grey line represents the second testing
period, between April 2017 and August 2017, positive swab results. A positive result means when during
production Listeria spp. was detected in each significant factory infrastructure. Ideally the lines should
be a spot in the centre of the radar graph, representing 0% Listeria spp. presence, i.e. 100% Listeria spp.
free results.
INF08 was not tested during the first period, as well as INF09 and INF10 were not tested during the second
period. INF05 is allocated in ROO02, and so, not in the critical production area, before EQP03. ROO02
receives PRO00 and here it is preliminarily STA05. During production, this area is extremely exposed to
external contaminants, as dirt and clay that came from the field, water, machinery circulating and
operators working. Hence, Listeria spp. presence is inevitable. Nevertheless, it was possible to improve
the hygiene patterns in this area, decreasing Listeria spp. positive results from 100 % in the first testing
period to 80 % in the second testing period.
In ROO01 the INF01, INF02, INF04 and the INF10 were tested, showing strong contamination presence
along the testing period. Swabs were positive for Listeria spp. 100 % of the times INF02 and INF04 were
tested, during the first period. For INF02 this incidence decreased to 80 % in the second period. INF10 is
the swabbed infrastructure in ROO01 further away from the production lines and INF10 presents 33 % of
positive results for Listeria spp. presence, which may then be explained by this distance. The INF01 is
probably being contaminated with condensation and/or cross-contamination when drops are collected
with dirty material. The main observation for this infrastructure was that, it was not being correctly
washed since Listeria spp. presence even increased from 22 % to 60 % probability.
INF07 and INF09 are tested when ROO04 is at -18 oC in average, and still present high incidence of
contamination, supporting the hypothesis that Listeria spp. is extremely resistant and cold will not prevent
the product from being contaminated. INF09 presented 50 % of positive results and INF07 swab results
increased from 20 % to 75 % positive Listeria spp. in the second period.
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In the most critical area of contamination, machinery and operators are moving continuously, bringing
contaminants from the outer environment, and spreading residues all over the floor. It also happens that
the lines are closer to the walls here, and so splashes are more frequent. Even though high contamination
probability is verified, it was possible to decrease Listeria spp. incidence in some of this infrastructures in
the second period of testing. INF08 presented 28 % of positive swab results, and INF03 decreased from
100 % to 90 % while INF06 also decreased from 80 % to 73 %.

3.1.1.4 Listeria spp. incidence in operators’ utilities
Zone 4 of incidence was defined has the group of areas where employees have their social activity, such
as the cantina, restrooms or showers. It also includes offices outside the factory, the microbiology
laboratory and the maintenance workshop. Utilities as operators’ uniforms, cold resistant coats, boots
and industrial boot washers placed at the entrance of the operating area of the factory. The swab positive
average results obtained for the first and second periods of testing are presented in Figure 9 as probability
of occurrence. This zone even includes the swabbing of accessory equipment like rods and spreaders,
which contact with the product while the line runs. It also includes utilities like operators’ uniforms and
boots, since they are the ultimate possible contamination focus, when their intervention is needed.
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Figure 9 - Average of swab relative results for Zone 4, for both testing periods. Blue line represents
positive swab results. A positive result means when during production Listeria spp. was detected in
surrounding rooms and operators’ utilities. Ideally the line should be a spot in the centre of the radar
graph, representing 0 % Listeria spp. presence, i.e. 100 % Listeria spp. free results.
Listeria spp. incidence in the surroundings of the factory is considerably high, as in the utilities employed
by the operators. Around 70 % of the swabs applied in the surrounding areas were positive for Listeria
spp. presence. The hygiene method applied here is independent from the one applied in the factory.
Moreover, the cleaning team is also different. CHE05 is applied once the rooms are dusted, but this is not
being enough disinfection to clear these areas.
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Regarding utilities UTI01, UTI02 and UTI04, their cleaning is external to the company. After swabbing a
significant amount of UTI02, they were sent to the outsourced cleaning responsible company to
decontaminate. The pieces were swabbed when delivered and still 75 % of those were contaminated.
CHE05 was abundantly applied over UTI02 and new samples were taken. The swab results were Listeria
spp. free. So, CHE05 should be applied over operators’ uniforms and coats before their shift starts, to
guarantee their inoquity when operating shifts and contact with the product starts.
UTI03 supposedly disinfects UTI01 at two of the factory entrances. However, the swab results show that
it is probably contaminating it instead of sanitizing. This equipment should scrub UTI01 with CHE02, but
its brushes gather residues and the water that stays in its interior provides microbes a good environment
to develop.

3.1.2 Biotox results – Listeria spp. detection in the produce
Analyzing the product, one can interpret if the incidence of contamination in the final product is somehow
related with the line in which it ran. In average, ROW is more likely to be contaminated during production
then ROW, but that does not necessarily mean that the product leaves this line contaminated less
frequently than ROW.
Longer batches are tested more often, since three samples are taken from batch that runs for 72 hours
while only one is taken from a 20-hour batch. This means, the probability of contamination is related to
the specimen of the product as well as the quantity of product that is transformed.

i.

First testing period

The Biotox analysis results, performed to the crops, obtained for the first period of testing are presented
in Figure 10 as probability of occurrence.
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Figure 10 - Incidence of Listeria spp. in the product, during the first period of testing, per production
line. Grey bars represent absence of contamination and yellow bars represent Listeria spp. including
Listeria monocytogenes count.
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Around 14 % of the samples collected from ROW were contaminated with Listeria spp., being that PRO01
leaves contaminated of the production line 78 % of the times, representing 39 % of the product
contaminated in this line. In ROW, however, almost 13 % out of the samples were contaminated, and 17
% of the PRO01 samples had Listeria spp., representing more than 42 % of the product that leaves this
line contaminated.

ii.

Second testing period

The Biotox analysis results, performed to the crops, obtained for the second period of testing are
presented in Figure 11 as probability of occurrence.
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Figure 11 - Incidence of Listeria spp. in the product, during the second period of testing, per production
line. Grey bars represent absence of contamination and yellow bars represent Listeria spp. including
Listeria monocytogenes count.
During the second period of observation, ROW did not run PRO01, but still, the emergence of Listeria
spp. in the collected samples is of almost 15 %, not far from the incidence level gotten before. However,
all the production of PRO01 was in ROW and positive Listeria spp. counts round 28 % of probability, with
63 % of emergence on PRO01, representing 68 % of the contaminated product that left the line.
In the second period, ROW contamination verified in product is more accordant with the worst results
obtained when the line was swabbed. Furthermore, considering these results, it is extremely likely that
this high contamination has to do with PRO01 production.
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3.1.3 Air sampler results
Since the factory atmosphere was not sterile, air samples were taken periodically to understand if Total
Mesophilic Count (TMC) was somehow stable and by any means contaminating the production site.
Air samples were collected under both production lines in the preparation room, in the blancher room at
the tunnel entrance, and even in the tunnel exit room. The preparation room was open to the exterior,
receiving the product from the feedstock area through windows that allow the passages to connect both
areas. The average temperature in the outer rooms changes significantly with season. Nonetheless, during
the collecting period temperature was around 30 oC.
The product then arrives the blancher room through conveyors. Although the air entrance being more
restrict here, it was still not insignificant. This room was extremely warm and humid, due to the steam
released during blanching. Thus, when the blanchers were operating, the ambience was in average 30 oC.
Usually, the steam that left the machinery created condensates immediately above it, since the ceiling in
this room was low.
After being blanched, the product enters the freezing tunnel, that was isolated and ventilated through
fans with filter. The tunnel air was regularly cold to -38 oC when operating. The room that receives the
product already frozen was between 5 and 10 oC, depending on the input of product and on the
ventilation. This room was equipped whit fans with filters to sterilise the ambience, since the product has
to be stored with no further disinfection once it reaches this point. This room was not as humid as the
areas upstream, but due to the average temperature, the walls and ceiling were covered in condensates.
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3.1.3.1 Total Mesophilic Counts
The average counts of Total Mesophilic Bacteria in the factory are presented in Figure 12.
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Figure 12 - Total Mesophilic Count in air samples collected between February 2017 and June 2017. Blue
line represents the average TMC in different positions inside the factory, while bars represent standard
deviation values associated.
One can see a possible decrease in the presence of mesophilic microorganisms further in factory.
However, given the considerable high SD values, no significant differences can be clearly pointed.
Nonetheless, in absolute value, ROO03 and ROO01 present an average of 2330 CFU/m3 while ROO05
present an average of 1390 CFU/m3, less than 38% of the first. In general, ROW presented higher count
and stronger standard deviation, comparing the same areas with ROW
Standard deviation values include a significant range of values, and therefore counts should be considered
statistically similar. This significant variation on mesophilic count was highly correlated with the factory
activity. Higher counts were obtained when washing the line, probably due to droplets and moister in the
air. The lower registrations were usually when both lines were stopped, and fungi presence was
significantly stronger than usual.
To the best of my knowledge, legal limits are still not established for TMC in frozen food industry. In an
attempt to define acceptable levels of mesophilic bacteria in the air, studies in several ambiences were
conducted [35][36][37]. Out of an experiment conducted in a dairy factory, Mesophilic Aerobic Bacteria
count range was in average between 66 and 470 CFU/m3 [36], which are considerable lower recordings
that the ones obtained in this work. One should than consider the contribution of being exposed to
external contaminants, that is probably significantly lower in the dairy factory, which is generally closed,
and not connecting with the exterior (Table 5).
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Table 5 - Admissible levels of airborne microorganisms in indoor environments set on an assessment of
microbiological air quality in public buildings [38]
CFU/m3
Mesophilic
bacteria

Normal level
Clean air: <4500
(winter)
Clean air: <1500
(summer)

Contamination Level
Impure air: >7000
(winter)
Impure air: > 2500
(summer)

Taking in consideration the average detection shown above, during winter the air might be considered
clean in the factory. However, an air filtration should be considered during warmer months, for the most
exposed areas. One can though consider that ROO05 air quality is relatively good all year long. Higher
counts were around 2518 CFU/m3, right in the limit of impure air during summer. Treating the air
upstream could lead to a decrease of this counts in the most internal area of the factory, and so air would
be even of higher quality in the most critical areas.

i.

Listeria spp. identification among TMC

To understand if somehow Listeria spp. was being spread by air or water droplets, air samples were taken
in different areas of the factory. After PCA growth, the colonies were plated in ALOA agar, to verify Listeria
spp. growth. All the humid rooms, especially where vapor was visible, were contaminated with Listeria
spp. It also grew in samples taken from the rooms expected to be innocuous like ROO05.
Inhibitors in the medium were not efficient enough against every non-Listeria spp. due to their high
presence, but still Listeria spp. colonies were visibly distinguishable, as green, round individual colonies
(Figure 13). Listeria monocytogenes presence was considered unlikely, once no visible white halos formed
around colonies. Listeria spp. colonies grew when plated from air samples collected in preparation room
near ROW, over the blancher when working (vapor), by the entrance of the freezing tunnel when working
(fog), in the glazing path and even in the storage were octabins are kept.

Figure 13 - Illustration of plates where Listeria spp. growth was considered, once distinguishable green
colonies are visible among different contaminators growth. The left picture resulted from the plating of
the sample collected over the blancher while working, and the right picture room the sample collected
in the preparation area.
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3.2

Listeria spp. incidence in the packing line

Due to the little complex path the product crosses, one could assume that it was more likely that it reached
this point already contaminated than being contaminated through packing. However, product was not
tested when received. Thus, a batch a day is sampled to test against Listeria spp., to control if the product
was leaving the factory compromised.
Despite being simpler to sanitize, packing lines hygiene was crucial and so its validation was like the one
verified in the production lines. This section works unceasingly since the beginning of the control, and so
these results were not separated in periods.

3.2.1 Swab results – Listeria spp. detection in the factory
Zones 1, 2 and 3 were established with the same criteria as for production lines. The swabs are applied
immediately after sanitation in the sites that contact with the product, in the equipment structures and
in the building infrastructures during operation.
Because these lines work in tight schedules and sanitations occur frequently in every line, to allow the
packing of product of different natures, it was established that critical points of the line were swabbed,
to permit an easy control.
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3.2.1.1 Sanitation efficiency against Listeria spp. contamination
The swab negative results obtained, when the packing lines were tested, are presented in Figure 14 as
probability of occurrence.
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Figure 14 – Swab relative results for Zone 1 of packing area. Light blue presents ROW, dark yellow
represents ROW, dark blue represents ROW and light yellow represents ROW negative swab results.
A negative result means when immediately after hygiene procedures Listeria spp. was not detected, in
each equipment. Ideally, the four lines should over the external line of the radar graph, representing
100 % Listeria spp. free results.
Despite similar, the hygiene method was extremely more efficient when applied to the packing lines,
comparing the swab results obtained immediately after sanitation of the production and packing lines. In
average, 95 % of the cleaning sessions left the packing lines free of Listeria spp.
ROW, EQP24 of ROW and EQP26 of ROW were 100 % of the times free of contamination, and so,
presumably efficiently sanitized. These pieces of equipment have different complexities and are
composed of different materials. Thus, one cannot assume that it was the equipment nature that allowed
these upright results.
Following, negative results were obtained 93 % for EQP02 of ROW and for EQP25 of ROW and 96 % for
EQP15 and 80 % for EQP27 of ROW.
In general, ROW was the one showing results further from the ideal, and this may be because this line
runs more product for longer periods than the others. It is important to refer that this line packs for a
company that requires an 8-hour session of cleaning, covering the line, the floor and the walls with CHE01
foam, and proceeding to the regular method, ending with the application of CHE05 all over the line. Before
starting the run, swabs are applied on EQP02, EQP08, EQP15, EQP19, EQP24, EQP25, and EQP27, and
Listeria spp. positive results were never obtained. Hence, one should consider, that this line needs a little
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longer to sanitize that the others, allowing the chemical products to act closer to the maximum exposer
period advised, results would probably improve.

3.2.1.2 Listeria spp. incidence in grey areas of equipment
The swab negative results obtained for the tests of the packing lines are presented in Figure 15 as
probability of occurrence.
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Figure 15 – Swab relative results for Zone 2 in the packing area. Green dots represent negative swab
results. A negative result means while during operation Listeria spp. was detected, for the only tested
equipment per line. Ideally, all the dots would overlap the angles of the radar graph, representing 100
% Listeria spp. free results.
Swabbing Zone 2 showed emergence of contamination during operation of the lines. The worst case
shows for EQP29 of ROW with 32 % of probability of contamination. For EQP02 of ROW, EQP19 of
ROW and EQP26 of ROW the results were negative 71 %, 77 % and 83 % of the times, respectively.
The two most probable reasons why these lines were usually free of Listeria spp. much more times than
the production lines are first, the fact that runs are shorter, and so more washing occurs between batches.
Second, the product arrived here already frozen and the ambient temperature was in average 5 oC, taking
longer to get rot. These two reasons decrease the probability of microbial growth and contamination
propagation along the lines.
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3.2.1.3 Listeria spp. incidence in factory infrastructures
The swab positive results obtained for the packing area are presented in Figure 16 as probability of
occurrence.
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Figure 16 – Swab relative results for Zone 3 in the packing area. Grey line represents positive swab
results. A positive result means when during operation Listeria spp. was detected in each significant
factory infrastructure. Ideally, the dots should be at the centre of the radar graph, representing 0 %
Listeria spp. presence, i.e. 100 % Listeria spp. free results.
Infrastructures were still the most neglected zone of interest, revealing the strongest emergence of
Listeria spp.
INF14 is the studied structure furtherer from the lines, and so less influenced by cross-contamination,
showing only about 13 % of positive swab results. In average, infrastructures in this area were positive for
Listeria spp. 48 % of the times. However, INF12 and INF15 contamination probabilities were inferiors than
it, both around 33%.
INF11 and INF13 are the ones showing higher incidence of contamination, with 80 % of positive swabbing
results. Since all the waste of the lines eventually contacted with it, and considering that while the lines
were operating these places were not sanitized with chemicals, having a significant amount of results
showing that is possible to be Listeria spp. free, means this area is closer to have an environment free of
contamination.
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3.2.2 Biotox results – Listeria spp. detection in the produce
The Biotox analysis results, performed to the crops, obtained for the packed products are presented in
Figure 17 as probability of occurrence.
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Figure 17 – Incidence of Listeria spp. in the product in the packing lines. Grey bars represent absence of
contamination and yellow bars represent Listeria spp. including L. monocytogenes count.
Products from 01 to 10 were equivalent to the ones processed in the production lines, PRO11 was
imported to pack and PROMIX refers to any kind of mixture of products run in packing lines. Attention
should be paid to the fact that the factory receives external product to pack, sometimes already mixed.
The line showing more contamination was ROW, where 25 % of the product leaves compromised. In
general, product left ROW contaminated 24% of the times, while only about 14 % for ROW and 7 % for
ROW.
PRO01 is, once again, the one showing higher probability of contamination. Considering the totality of
product packed, 20 % of the times it reached this point somehow contaminated. Mixture of products were
contaminated 38 % of the times. Nonetheless, one should consider the exposer that this product is
subjected to, seeing that different products had to be mixed, and then this mixture was run to be packed.

44

3.3

Listeria spp. incidence in the product

Both lines worked in batch and ideally the runs stopped when cleaning was needed or when product
feedstock was unavailable. Breakdowns along the line or any damaged piece during production also led
to the line stoppage. Nevertheless, usually this did not allow the sanitation of the complete line, because
urgent works are priority. When fresh product was available in reasonable quantities, the procedure was
continuous for a 3-day periods (72 hours) in average. However, while excessive product was contained as
raw-material, the run takes longer to stop, being the longest batch registered during the second period of
testing was of 12 shifts, that is, approximately 5 complete days or about 120 hours.
The product was tested for Listeria spp. and L. monocytogenes independently on hygiene procedures
applied on the line. Once a day (every three shifts), a sample was taken per line. When required, for
example when baby food is produced, or when the receiving country legislation obliges so, a sample was
taken in every producer’s lot, being that the line did not stop between loads.
The amount of processed product varied with its characteristics, being that in average 50 tons of PRO03
were processed per shift, and so a sample of about 200g was taken for every 150 tons.

3.3.1 Biotox results – Listeria spp. detection in the produce
The verification of both Listeria spp. and L. monocytogenes in the product was under the responsibility of
an external certified laboratory, according to the method described above (Section 2.3). To understand
how the final product was being compromised by Listeria spp. emergence, results will not be associated
with the line of production from now on. Nevertheless, the samples of product studied in this section
were the same that allowed the studies in sections 3.1.2 and 3.2.2.

3.3.1.1 First testing period
The Biotox analysis results, performed to the crops, obtained for the first period of testing are presented
in Figure 18 as probability of occurrence.
Products showing higher incidence of Listeria spp., independently of contamination verified in the line,
were PRO10, PRO06, PRO01 and PRO02, with positive results of about 29 %, 25 % and 23 % for the last
two, of the collected samples, respectively.
The remaining products leave the production site normally contaminated more than 6 % of the times.
Samples of PRO05 were Listeria spp. positive 17 % of the times, as PRO04 only 7 %. The least probable to
be contaminated products are PRO09 and PRO07 with 5 % and PRO03 4 % of positive results.

45

60%

45%

30%

15%

0%
PRO01 PRO02 PRO03 PRO04 PRO05 PRO06 PRO07 PRO09 PRO10

Figure 18 – Listeria spp. incidence in the product, during the first period of testing. Grey bars represent
absence of contamination and yellow bars represent Listeria spp. including L. monocytogenes presence.

3.3.1.2 Second testing period
The Biotox analysis results, performed to the crops, obtained for the second period of testing are
presented in Figure 19 as probability of occurrence
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Figure 19 – Listeria spp. incidence in the product, during the second period of testing. Grey bars
represent absence of contamination and yellow bars represent Listeria spp. including L. monocytogenes
presence.
Listeria spp. contamination in the product increased significantly in the second testing period, to 23 % in
average. PRO01 and PRO10 incidence of Listeria spp. augmented to 47 % and 57 %, keeping these two
products in the top of the most probable to be contaminated.
The increasing of Listeria spp. presence in PRO04 was vast, being that odds were that 50 % of the samples
are contaminated.
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Lower than average, but still expressively more contaminated than before, were the lasting products.
From the collected samples, 7 % of the PRO05, 12% of the PRO07, 13 % of the PRO03 and PRO06 and
more than 15 % PRO02 showed Listeria spp. presence.

i.

Listeria monocytogenes incidence in the product

Based on the Biotox results, it was possible to relate L. monocytogenes incidence with Listeria spp.
occurrence in product samples (Figure 20).
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Figure 20 – Confrontation of Listeria spp. and L. monocytogenes in the product, in all the emergences
of the two tested periods, being that these values correspond to the yellow bars of Fig. 18 and Fig. 19.
From the contamination validation, orange bars represent Listeria spp. identification, while red bars
represent L. monocytogenes identification.
Listeria spp. presence may specify a product as of inferior quality or contaminated by filth, but Listeria
monocytogenes indicates that that same product represents a risk to the consumer security. Thus, positive
results are scrutinized to understand if this pathogen was somehow compromising the produce.
PRO01 and PRO10 were not only the ones presenting more contamination, but also the ones carrying L.
monocytogenes more often among the contaminated. In the first testing period, almost 86 % of the
contaminated samples of PRO01, were positive for L. monocytogenes presence, while in the second period
this potentially decreased to 35 %. Count of L. monocytogenes was possible in 50 % of the contaminated
samples of PRO10, for both testing periods. Hence, the probability of pathogenicity decreased in PRO01,
but remained constant in PRO10.
It was still not possible to compare PRO09 results since it was not run during the second period yet, but
its incidence of L. monocytogenes was of 33 % in the first period.
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PRO02 and PRO03 were L. monocytogenes positive 29 % and 20 % of the times tested in the first period.
However, in the second period no L. monocytogenes was observed in these products. Contrariwise, PRO06
and PRO07 were L. monocytogenes free in the first period, but left the production line compromised 33
% and 50 % of the times, respectively, during the second period.
One should notice, even though L. monocytogenes presence should be alarming, none of the results
showed counts higher or equal to 10 CFU/g of sample.

3.3.2 Listeria spp. environmental adaptation
A few hypotheses were pondered to try to understand the relation that led to the high incidence of Listeria
presence in the PRO01 so recurrently and often in PRO02. The main characteristics that were considered
in these studies are summarized below (Table 6). Understanding the effects of produce type and
production practices on the likelihood of microbial contamination was essential because each type of
product had unique physical, chemical, and biological characteristics that may affect microbial prevalence,
attachment, detachment, and persistence [39].
The need of a tight control of coliforms was performed in PRO03 and PRO07 was reported due to its high
levels of contamination, around 98 % in fresh product [39]. The justification was based in their sugar
contents are elevated and enhance microorganisms’ growth. Moreover, instead of blanched, PRO07 is
disinfected with a sodium hypochlorite solution, less efficient eliminating Listeria from the product [40],
which could be reflected in higher levels of Listeria contaminations.
Table 6 - Indication of the main constitutions of the products, they nutritional value and pH. Nutritional
value per 100 g of produce [41]
PRO01

PRO02

PRO03

PRO04

PRO05

PRO06

PRO07

PRO09

Energy

kcal

34.00

17.00

84.00

40.00

81.00

88.00

18.00

69.00

Water

g

89.30

94.79

94.00

89.11

79.00

72.60

94.50

95.00

Carbohydrates

g

6.64

3.11

4.64

9.34

14.45

17.63

3.90

3.40

Sugars

g

1.70

2.50

4.20

4.24

5.67

9.21

2.60

2.20

Dietary fiber

g

2.60

1.00

1.80

1.70

5.10

7.50

1.20

1.10

Fat

g

0.37

0.19

0.17

0.10

0.40

0.73

0.20

0.20

Protein

g

2.82

1.21

0.86

1.10

5.42

7.92

0.90

1.20

Vitamin C

mg

89.20

17.90

80.40

7.40

40.00

3.70

14.00

17.00

Calcium

mg

47.00

16.00

10.00

23.00

25.00

37.00

10.00

21.00

Sodium

mg

33.00

8.00

3.00

0.00

5.00

25.00

0.00

0.00

pH [42]

-

6.40-6.70

n.a.

4.30-4.90

4.90-5.50

6.30-6.52 5.69-6.10

4.65-5.93 5.37-5.85

n.a. – not available
First, it was hypothesised that low pH, as the ones present in PRO03 and PRO07, would inhibit Listeria
spp. growth. However, literature contradicts this premise [3]. Experimental data has previously shown
that tolerance to severe acid stress (pH 3.5) can be induced on L. monocytogenes following a 1-hour
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adaptation to mild acid (pH 5.5) [23]. Experiments performed in the past [6] showed that adding glucose
to medium results in acid production, thus decreasing its pH value, inducing the acid tolerance response
of L. monocytogenes, and therefore the development of its acid adaptation. Hence, average pH of PRO03
and PRO07, considering their high sugar contents, should benefit Listeria growth, but these are far from
being the most problematic subjects.
It is established that L. monocytogenes optimal growth is set to a pH close to neutral [3]. Nevertheless, its
growth has been reported in pH values ranging from 4.0 to 9.6 [3]. To understand if pH significantly inferior
to 6.5 could per se avoid Listeria growth, a gradient study was performed. A strain collected in the factory
environment with a Transwab positive test, was isolated as explained in section 2.5. A deficient
preparation of the medium or a contamination eliminated plates inoculated with five and six times diluted
inoculum, which would probably correspond to the countable colonies. Thus, the respective results were
discarded. Still, the control plates inoculated with undiluted inoculum and with the seventh dilution
growth made it possible to perceive the ability of Listeria spp. for adaption to pH variation in medium. The
countable plates correspond to the ones stored first at 4o C for 120 hours and then incubated at 37 oC for
another 48 hours (Figure 21).

Figure 21 – Petri dishes with cultures of Listeria spp. on pH diversified ALOA medium. Plates correspond
to control growth of the original inoculum, without dilutions, at pH values of 5.0, 4.5 and 4.0, from left
to right.
One can see how the decrease of the pH in the medium led to a reduction in Listeria spp. At pH 5 the plate
is covered in a dense biofilm, as at pH 4.5 small colonies are visible. Less CFU/plate allow colonies to grow
bigger, and so the fact that colonies are more distinguishable here, leads to the conclusion that the
concentration of organisms is lower. At pH 4 there was no growth of Listeria spp., the agar was unchanged.
Plating results for the six pH values studied revealed the following outcomes, Figure 22.
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Figure 22 - Tendency of adaptation of Listeria spp. to the environmental pH. The limit of acid resistance
of Listeria spp., at least in the present conditions, is between pH 4.5 and pH 4.0. Equation of the
polynomial regression: 𝒚 = −𝟏. 𝟒𝟗 × 𝟏𝟎𝟕 𝒙𝟐 + 𝟏. 𝟔𝟒 × 𝟏𝟎𝟖 𝒙 − 𝟒. 𝟏𝟗 × 𝟏𝟎𝟖 with 𝒓𝟐 = 𝟎. 𝟗𝟗
PRO07 pH range is 4.30-4.90, which may create a higher pressure on Listeria spp., though reflecting in a
decreased incidence of contamination in this product. However, different categories of PRO03 have
different pH values, in average significantly higher than 5, in the range where Listeria growth was
detected. Moreover, there is evidence that prior adaptation of L. monocytogenes to mildly acidic
conditions can greatly enhance the survival of low-pH foods [23].
It is also proposed that PRO03 has biocidal properties [17]. Methanol based and aqueous extracts of
PRO03 have shown an activity against diverse bacterial strains [17]. Hence, the effect of acidity of the
extracts may be one of the unfavourable factors to microorganisms survival [17].
Considering that Listeria spp. mixed population that contaminates the product may vary in composition,
its ability towards low-pH survival may also change. Thus, selective pressure might select adapted colonies
to stay, once adapted cells survive signiﬁcantly better than non-adapted cells when the pH falls below 4.4.
Hence, non-adapted Listeria cultures failed to become fully adapted to acidic conditions even when added
at an inducing pH (around 5.5) [23].
Biofilms covering the surface of the product is another hypothesis. Previous research demonstrated that
cell adherence and bioﬁlm formation by L. monocytogenes are inﬂuenced by several factors, including
characteristics of strains, physical and chemical properties of the substrate for adherence, growth phase
of the bacteria, temperature, growth media, and the presence of other microorganisms [24].
On the one hand, PRO03 and PRO07 have a smooth, waxy cuticle that may impede microbial adherence
and growth and facilitate detachment [39]. On the other hand, PRO01 as a rough surface, uneven but still
unbroken, allowing organisms to attach. This product has complex body construction provides it a vast
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surface area. This large ramification may contribute to L. monocytogenes attachment and proliferation.
However, PRO02 incidence of contamination would then be unexplainable, once its exterior is smooth
and regular, which supposedly facilitates the release of biofilms.
Finally, another prospect was sited, based on the average results for product testing. Among the products
with higher contents in calcium, like PRO01, PRO05 and PRO06. PRO10 is derivative from PRO01, having
the same, higher concentration in calcium in is composition, and those correspond to the products with
higher incidence in Listeria spp. contamination, as well as L. monocytogenes. PRO03 and PRO07 have both
the lower concentrations in calcium, and coincidently correspond to the products that are among the
ones presenting less probability of being contaminated. To understand the relation between calcium

Incidence of Listeria spp. contamination
(%)

content and incidence of Listeria spp. contamination, a relation was drawn, Figure 23.
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Figure 23 - Relation of [Ca2+] in the produce composition with the incidence of Listeria spp.
contamination detected in Biotox analysis. Equation of the polynomial regression:
𝒚 = 𝟑. 𝟓𝟖 × 𝟏𝟎−𝟔 𝒙𝟐 − 𝟏. 𝟐𝟑 × 𝟏𝟎−𝟑 𝒙 + 𝟏. 𝟕𝟎 × 𝟏𝟎−𝟏 with 𝒓𝟐 = 𝟎. 𝟗𝟖
Average values of contamination, considering results from both the first and the second periods,
presented in Figure 18 and Figure 19, related to the produce calcium contents, were relatable and
tendentially increased together. PRO04 values were excluded to draw this particular study, but if
contamination probability of the first period was considered exclusively or as standard deviation values
show, its contamination values would fit in the trend. Moreover, PRO02 high contamination values exceed
the tendency, and were discarded.
To understand if by any chance [Ca2+] influences Listeria growth, independently of virulence factors
signalling, a gradient study was performed. A CaCl2 solution was added to ALOA medium, to obtain
environments with concentrations in Ca2+ close to the ones that would be verified in the product.
Duplicates of the plates inoculated with 104, 105 and 106 dilutions were incubated at 37oC, the optimal
temperature of Listeria spp. growth. In parallel tests, replicas of those platings were first stored at 4oC and
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later incubated at 37 oC, to study temperature influence in Listeria spp. ability to adapt. The OD600nm
registered in the moment of the inoculation was 0,066, and considering the relation in Appendix B, about
1.61×107 CFU/L were expected to form at the control medium (no CaCl2 solution added) when inoculated
on the plates immediately incubated after inoculation. The average results are presented below, Figure
24.
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Figure 24 - Listeria spp. growth in ALOA incubated for 48 hours at 37oC, immediately after inoculation

(blue line) and after 120 hours stored at 4oC (orange line). Equations of polynomial regression:
(orange) 𝒚 = 𝟏. 𝟏𝟗 × 𝟏𝟎𝟐 𝒙𝟐 − 𝟕. 𝟖𝟓 × 𝟏𝟎𝟒 𝒙 + 𝟏. 𝟗𝟕 × 𝟏𝟎𝟕 with 𝒓𝟐 = 𝟎. 𝟗𝟗;
(blue) 𝒚 = 𝟏. 𝟐𝟎 × 𝟏𝟎𝟐 𝒙𝟐 − 𝟖. 𝟎𝟒 × 𝟏𝟎𝟒 𝒙 + 𝟏. 𝟓𝟏 × 𝟏𝟎𝟕 with 𝒓𝟐 = 𝟎. 𝟗𝟖
The lines describe similar curves, thus similar behaviour of microorganisms was registered. Close to
expectations, the count of control plates was (15.5±2.8)×106 CFU/L. The parallel control experiment, in
the delayed growth study, were found counts 1.94×107±4.94×106 CFU/L. Storing at 4oC for five days was
enough to allow the growth to be 20 % greater. Then, the performance of Listeria adaption to the medium
conditions was parallel for both studies, keeping higher contamination levels in the delayed incubation
study. First, this means the refrigerated ambience at ROO05 might contribute to higher probabilities of
contamination of the product by the end of the processing line.
Second, a decrease of Listeria concentration is verified with the increasing gradient until [Ca2+] reaches
approximately 250 ppm. From this point on, the slope switches and the tendency of the growth is to rise,
like verified in the inclination of the curve Figure 24. To [Ca2+] closer to the PRO06’s and PRO01’s, growth
of Listeria spp. is promoted, though considerably smaller than when grown in ideal medium. The slope is
more pronounced in the delayed study, which could suggest that cold gives Listeria spp. the chance to
adapt better to the environment when is growing slower.
This study showed that the growth of Listeria spp. decreases when [Ca2+] increases in the medium, but
could propose that above a certain concentration of calcium, Listeria spp. growth have some tendency to
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increase. One should than perform more studies in different conditions to verify this possibility. This may
be the plausible reason why PRO01 incidence of contamination is higher. This study also allows one to
verify that Listeria spp. is somehow resistant to chlorine. However, the molecular mechanisms used by
Listeria, particularly L. monocytogenes, to survive environmental or process-induced stresses have not yet
been established [23].
One should then be able to relate Listeria dependence on calcium to survive and/or proliferate. Actually,
levels of cytosolic calcium ([Ca2+]) increase rapidly after infection of cells with L. monocytogenes [43].
Apparently this rise derives from the signalling processes of the host cells [43]. It is even suggested that
[Ca2+] might play a role in the entry of L. monocytogenes virulence factors in cells [44] and that [Ca2+] influx
from the external medium is required for efficient L. monocytogenes-induced bacterial uptake [44]. There
is also the chance that L. monocytogenes motility may be calcium dependent. These studies were
performed in animal cells [43][44] to understand the dependence of virulence with calcium, since
listeriosis affects humans and other mammals. Therefore, one could generalise this relation to vegetable
cells, and accept that the presence of [Ca2+] enhances Listeria growth in hosts like PRO01.
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3.4

Obliteration of Listeria spp.

3.4.1 Production/packing lines hygiene
Based on the results presented in sections 3.1.1.1 and 3.2.1.1, one can consider that the current cleaning
procedure applied at the factory can be somehow efficient in eliminating Listeria spp. Though, one aims
to improve that, in order to eradicate Listeria spp. as much as possible, always obtaining lines free of
contamination after sanitation procedures.
Introducing mechanical action as brushing and scrubbing to break or weaken biofilms may be a crucial
step in hygiene, conducting to results as the close to ideal as achieved at section 3.1.1.1.iii., since biofilms
of Listeria have been shown to be more resistant to stress and to sanitizing agents than planktonic cells.
It has been shown that L. monocytogenes has the ability to form biofilms on abiotic surfaces [45] and that
nutritionally poor media favours the growth of L. monocytogenes in biofilm state [45]. Even though this
pathogen does not form thick biofilms, they presented a firm and highly organized structures, with cells
grown under diverse physical conditions, which can offer selective advantage for bacterial survival under
suboptimal circumstances [45]. Biofilms formed by L. monocytogenes also have the capacity to resist to
sanitizing agents [24], or develop that resistance when exposed repeatedly to the same sanitizers [24].
More, there are many different types of organisms in commercial food processing facilities that can form
bioﬁlms with L. monocytogenes [24].
Then, to eliminate Listeria spp. from the lines, CHE02 should be replaced by CHE03 in the disinfecting step.
Peroxides have been reported to be effective for the removal of bacterial bioﬁlms and are widely used in
the food industry [24]. Furthermore, the pH of CHE03 is low enough to inactive Listeria spp. [3]
guarantying better results. Despite being more aggressive to the equipment, it will be more efficient has
a sanitizer. One should also consider that the resistance of bioﬁlms to a sanitizer is greater on Teﬂon and
on polyester substrates than on stainless steel substrate [24]. Thus, replacing some of the main plastic
equipment with stainless still substitutes may permit to annul more effectively the pathogens, without
compromising the longevity of the equipment.
Based on the results obtained for packing lines, one should also routinely sanitize the surroundings
systematically with care, while the line is being sanitized, to achieve a cleaner result and decrease the
chances of cross contaminating the line.
To follow the evolution of results one should consider adopt quantitative analysis in the equipment.
Particularly because problematic equipment like EQP20 may be contaminated by its surroundings, and
one would be able to locate the contamination focus when searching under more precise examination.

54

3.4.2 Clean while in production/ Product sanitizing
Efficient sanitation procedures will diminish Listeria spp. presence in the factory, but will not be a
permanent solution to product contamination. From the moment the run starts, the line will be in contact
with produce, water and operators, and so “Zone 2” testing will continue to present large signs of
contaminations. Thus, disinfecting the line while running and the products are necessary steps. Answers
to eliminate this problem must present solutions that may touch the food products without compromising
its quality neither its consumer health.
It is more disadvantageous to test the products, rather than the transformation lines, since positive results
in product give no information on the mode of contamination or how to prevent further occurrences [25].
To obtain accurate feedback on procedures efficacy, hard to reach places such as holes or crevices in
fibrous, porous, rusting and hollow materials, poorly cleanable equipment, i.e. all potential harbourage
sites for the microbial contamination, that should be sampled [18]. Keeping continuous track of the lines
is also important, since parallel lines located a few feet apart may present different testing results.
Unblanched produce have been washed with chlorinated water, that has little antimicrobial effect and is
known to react with organic matter subsequently creating carcinogenic halogenated by-products [46]
thus alternatives are highly suggested.
Natural compounds with phenolic groups have proved to have inhibitory activity against Gram-positive
bacteria [2] and could work as a disinfectant for the foodstuffs. For example, citron essential oil doubled
the time needed for the wild microﬂora to reach concentrations able to produce a perceivable spoilage
showed a strong inhibition against L. monocytogenes [2].
Organic acids are considered GRAS for use as food ingredients and have a potential application as
sanitizers for organic fresh produce. Solutions of 1% and 2% of propionic, acetic, lactic, malic and citric
acids exhibit significant antibacterial effects and, despite Listeria monocytogenes capacity to resist in low
pH ambiences, acid treatment was somehow effective [46]. Changes in sample colour subjected to organic
acids treatment were not signiﬁcant during storage [46]. Hence, direct application in the foodstuff would
not compromise its quality.
Hydrogen peroxide solutions work has effective disinfectants in foodstuffs, as 5% solutions provide a
significant reduction in microbial loads [40] and possible residues are non-hazardous to consumers. A
more diluted solution of 0.5% is enough to decrease pathogenic population to below detectable levels
[47]. Calcinated calcium solution (calcium oxide aqueous solution), is an even stronger sanitizer as
application of a less concentrated solution, 0.01%, obtained as good results as 0.5% hydrogen peroxide
solution, being an organic material, biodegradable and cause minimum environmental damage compared
to H2O2 and citric acid [47].
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Peroxyacetic acid is one of the main components of CHE03 used to sanitize the line. Furthermore, it has
been studied as a solution to disinfect foodstuffs, mixed with hydrogen peroxide, aiming to kill Listeria
monocytogenes [9].
Extracts based on ethanol have shown to be efficient has sterilizers against L. monocytogenes [17][48][49],
and reach yields of microbial inhibition of 100% when used in 60mg/L solutions [48].
Furthermore, the use of bacteriocin-producing lactic acid bacteria or purified bacteriocins has been
received bigger attention. Bacteriocins are small bacterial peptides that have shown antimicrobial activity
against closely related bacteria. Nisin is a GRAS polypeptide produced by Lactococcus lactis spp.
particularly effective against heat-resistant bacteria, as L. monocytogenes case [2]. Pore formation by nisin
molecules is thought to be responsible for its bactericidal action. Those pores exist for a matter of
milliseconds but increasing the membrane fluidity or reducing the hydrophobic reactions between
phospholipid acyl chains may encourage the formation of nisin induced pores and perhaps increase their
duration, debilitating the pathogenic cells [49]. The sensitivity of L. monocytogenes to nisin is however
enhanced by the presence of ethanol. When ethanol was used in conjunction with nisin a greater drop in
the number of viable cells was seen for different concentrations of nisin in the solution [49]. Its
bactericidal activity increases at pH levels below 5, due to its greater solubility at low pH, which makes
nisin suitable for use on vegetables with pH levels ranged between 3 and 6 [50].
Another option to enhance nisin effectiveness is using it in conjunction with EDTA [2], particularly to fight
Listeria. Its usefulness ascends of its capacity as a chelating agent, turning ions as Ca2+ and Fe2+ unavailable
[51]. Considering the possible relation that one tried to establish between Listeria spp. growth and
available [Ca2+] and that PRO01 presents the higher contamination occurrences, during its production a
solution containing nisin and EDTA could be applied to sterilize the line and the product, not
compromising its quality, and decreasing product corruption.
Despite air not being a Listeria spp. contamination propagator (it has been proved that air is not a chronic
source of contamination of product contact surfaces [25]), one should consider isolate all the different
areas of production, as well as the lines with canvas, allowing thorough washing of one line with the
certainty that the adjacent is not being compromised with droplets and splashes. Especially since the
hygiene of one line usually occurs with the other operating, and the data above show that Listeria spp. is
dragged by fine water particles through the air.
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IV.

Conclusion and Further Work

Listeriosis in a rare foodborne disease that affects less than 1% of the population, but its mortality rate is
close to 30 %. Thus, it becomes vital to eliminate its originator, Listeria monocytogenes, from food
transformation zones.
As an indicator of L. monocytogenes presence, Listeria spp. presence is sought, testing equipment with
swabs, and collecting product samples. HACCP relatively to Listeria spp. establishes that the industry
should target its contamination levels less than 10 CFU/m3, and that crops should be discarded when
counts are over 100 CFU/m3.
First, the historical incidence of Listeria spp. was studied, to find problematic areas and understand which
wrong procedures could be adjusted. The factory owns two production lines that are regularly swabbed
downstream the blancher.
Immediately after sanitation sessions, several apparatuses that will contact with the product were
swabbed to validate its hygiene. On the one hand, the most problematic points were EQP07 of ROW
with only 38 % of negative results, and EQP20 of ROW contaminated 44 % of the times after cleaning
during the first testing period. On the other hand, those same pieces of equipment stayed among the
most contaminated, and EQP03 in ROW negative results decreased to 50 % during the second testing
period.
A slightly modified hygiene plan was established: the lines are washed to remove residues; CHE01 is
applied, and mechanical action is applied. The detergent is rinsed, and instead of neutral, an acid
disinfectant, CHE03, is applied, and then rinsed. Swab results, in eight out of the ten tested equipment,
were 100 % free of Listeria spp. after the modification of the application of this novel hygiene procedures.
In ROW EQP19 and EQP20 were still positive for Listeria spp. in 33 % and 50 % of the times, while in
ROW the only equipment that was ever contaminated was EQP20, with 100 % of positive swab results.
EQP20 sanitation should be redesigned in the future, once the actual hygiene procedure is effective
against Listeria spp.
While the factory is operating, equipment structures are swabbed and product samples are collected.
Swab results demonstrate that lines frames always have Listeria spp. presence. Not surprisingly, since its
sanitation was one of the hardest to accomplish, EQP07 was contaminated in 100% of the inspections for
both lines during the first testing period and in ROW during the second period. The average probability
of obtaining positive swab results increased from around 43 % to 54 % in ROW, and 52 % to 70 % in
ROW. In ROW, EQP07 was the only equipment constantly contaminated. On the other hand, swabs of
EQP01, EQP08, EQP12 and EQP20 were Listeria spp. positive 100 % of the times.
So far, there are no cleaning procedures applied while the lines are running, making these results not so
surprising. There are solutions to eliminate Listeria spp. without compromising food safety and quality,
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and considering the ability of Listeria spp. to form resistant biofilms, different sanitizers should be used if
possible. Solutions like ethanol based extracts, organic acids or essential oils have been shown as
‘listericidal’.
Building infrastructures and factory surroundings are highly compromised, considering swab results. A
mixture of peroxyacetic acid and hydrogen peroxide (CHE03) is a sufficiently strong sterilizer, as the results
obtained during the third period show, 3.1.1.1.iii, that could be applied in every zone of interest.
Air samples were collected in several rooms of the factory, to establish if Total Mesophilic Counts were
compromising the air quality. Counts were ranged below 4500 CFU/m 3, and the air can be considered as
clean. Nevertheless, Listeria spp. contamination through air is unlike to happen, water droplets are
transferring microorganisms.
Listeria spp. and L. monocytogenes presence was tested in the crops. Produce with higher contents in Ca2+
presented the higher probability of contamination during the first period. Among those are PRO01, PRO05
and PRO06. In general, the probability of product contamination was higher in the second testing period,
and PRO01 and PRO04 were the most problematic. PRO10 is a by-product of PRO01, whereby its
contamination incidence increases when PRO01 contamination probability rises. Out of the first testing
period, more than 23 % of PRO01 samples were contaminated and 86 % of those were identified as Listeria
monocytogenes. In the second period, Listeria spp. occurrence in PRO01 increased to 47 %, but Listeria
monocytogenes incidence decreased to 35 %. The decrease of L. monocytogenes occurrence was indeed
from 20 % to 17 % out of the total samples.
Tests were performed in an attempt to relate produce contaminations with its intrinsic characteristics,
like pH or nutrients available. A direct relation between [Ca2+] and Listeria spp. virulence was established
in the past and one should study further the possibility that increasing [Ca2+] favours contamination of
produce. To counteract, a sanitizer additivated with EDTA should be considered, to make Ca2+ unavailable
and weaken Listeria growth.
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6.1

Appendix
Appendix A

Table 7 – Monliz’ established values for valid blanching. Blanching duration may increase if peroxidase
I detected by the end of the procedure. Batches are not admissible if run with inferior temperature than
stated.
Produce
Temperature (oC)
Duration
PRO01
87 ±5
83” ±5”
PRO02 – Type I
60 ±5
1’00” ±5”
PRO02 – Type II
90 ±5
1’30” ±5”
PRO03
90 ±5
2’00” ±5”
PRO04
NOT BLANCHED
PRO05
90 ±5
1’00” ±5”
PRO06
85 ±5
2’00” ±5”
PRO07
NOT BLANCHED
PRO08
87 ±5
85” ±5”
PRO09
93 ±5
1’45” ±5”

6.2

Appendix B
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Figure 25 - Linear regression between the pH of the base medium and the addition of 1M HCl in
microliters.
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Figure 26 – Relation of CFU when plated with dilution of Listeria spp. inoculum in broth with OD600.
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