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Abstract

Our paper emphasizes the importance of the kitéagout in facilitating consumers’ food
hygiene practices. A significant correlation waarfd between the sink placement (inside or
outside the kitchen) and hygienic practices dufougl handling based on a survey performed
on consumers from ten European countries, indigdtiat those who had the sink in the
kitchen were more likely to perform proper hygigiractices than those who have not. The
self-reported practices were supported by obsepradtices in 64 households from five
European countries. The observational study comdbiwgh the examination of kitchen
layouts revealed that the kitchen work trianglehwis apexes represented by the kitchen
sink, cooking stove and refrigerator, which is mogended for ergonomic reasons by
architects and designers, did not necessarily sugpod hygiene practices in kitchens.
Cross-contamination events were associated witlsitile— countertop distances longer than
1 m. Based on this, a new kitchen triangle withajpexes represented by the kitchen sink,
working place (usually countertop) and cooking stawvith the distance between the sink and
the working place less than 1 m is proposed to $eduwas norm in kitchen designs for
combining ergonomics with safety. This triangl@ieposedly named tHeod safety triangle
and is aimed to mitigate the risks of foodbornaefises by creating an arrangement that
facilitates hygiene practices. This study is thestfito highlight the importance of
implementing the concept of food safety in the hétic design based on significant

correlations between kitchen equipment placemethtansumers’ food safety practices.

Keywords: food safety triangle, kitchen work triangle, crassitamination, sink, design,

hand washing
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1. Introduction

The modern kitchen is the result of two main trenddustrialisation, which started in the
nineteenth century, and standardisation, which meagathe twentieth century (Beamish,
Parrott, Emmel, & Peterson, 2013). Industrialisajoined by democracy and the rising of
the middle-class led to servantless homes, whicanméat women had new roles and
activities to conduct in their homes, cooking beingluded, while standardisation came,

among others, with kitchen layouts that improvedknefficiency (Beamish et al., 2013).

In the 1930s, the engineer and motion expert kilholler Gilbreth studied the number of
steps required to prepare meals with differenthidtc designs and developed the L-shaped
kitchen layout (Lange, 2012). This design addressidency between the main three work
zones, cooking (stove), washing/pre-preparatiarkfsand storage (refrigerator), which later
became known as the kitchen work triangle (Beangshal., 2013). In the 1940s, the
University of lllinois School of Architecture higlighted the cost reductions by standardized
kitchen constructions and was credited with thettvae of thekitchen work triangle (an
imaginary straight line drawn from the center & #ink, to the center of the cooking stove,

to the center of the refrigerator and finally bézkhe sink) (Eiler, 2019).

Nowadays, the concept of work triangle is used gsideline of kitchen designs and aims to
plan out efficient kitchen workspaces with mininaffic through the work zones (Adams,
2018: Wallender, 2020), similarly with restaurantiandustrial kitchen layouts (Pehkonen,
2009; Hadan et al., 2017). According to the Natidhitchen and Bath Association (NKBA),

each side of the triangle should be between 1.2Z7-n2and add up to a total of 4 — 7.9 m
(Beamish et al., 2013). If these work sites areqiatoo far away from each other, many
steps are necessary to move from one work zonedther, which means a lot of time wasted

during meal preparation. Meanwhile, if they are wose, the workspace becomes too
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narrow, making difficult to properly prepare andokomeals (Adams, 2018). With the
exception of one-wall kitchens (linear), the worlangle can be applied to all the kitchen
layouts such as galleys, L- and U-shaped, L-shapddear with island, L-shaped or U-
shaped with peninsula. Despite being recommendes work triangle was laid out for
ergonomic reasons and not for safety purposes gluimod handling and preparation.
Additionally, designers’ advice and consumers’ pties are mostly aimed at the kitchen
arrangement trends, appliances design and funtitypnaather than food safety
considerations (Petrova, 2018). Since the domestironment is one of the most common
sources of foodborne outbreaks (Al-Sakkaf, 20155k ECDC, 2021; Langiano et al.,
2012; Wu et al., 2018), a design that would incegae frequency of the cleaning actions for
hands, cutting boards, knives etc. could reducentimaber of cross-contamination (CC)

events during meal preparation and minimise theaigoodborne illness.

Hence, the objectives of the study were:

e To assess through a survey conducted in ten Eumopeantries the correlation
between consumers’ food safety and hygiene setfrteg practices and the sink
placement in the household (wash site for kitcledated activities);

* To determine whether there are correlations betweermand hygiene practices and
kitchen designs based on home visits conductegenduropean countries during the
preparation of a chicken and salad meal,

* To suggest a kitchen layout that facilitates hymigoractices. Thus, we intend to
draw attention to a kitchen organisation focusingf@od safety, which has as focal
point the placement of the sink against the prearaarea. Our proposal is to
consider a triangle with apexes represented bycthmtertop or table (preparation

area where food and utensils are handled), the (sualshing area) and the stove
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(cooking area). Hence, we have raised the hypathbat a short distance between
the preparation area and the washing area couldufanigher hand washing
frequencies, which in turn will reduce the risk @afbss-contamination and food

poisoning.

2. Materials and methods

This study is a multidisciplinary approach and camb a quantitative consumer survey with
gualitative consumer household visits. Through adfeafety-based survey we assessed
potential correlation between consumers’ self-reggbrhygienic practices during food
handling and sink placement in the kitchen layadtile by household visits including live
video-recordings we were able to evaluate a pa@kotinnection between the kitchen design
and the number of observed practices that could teacross-contamination during meal
preparation. Both the survey and the visits wergfopmed in the framework of the
SafeConsume project (Horizon 2020, grant agreerNen?727580, http://safeconsume.eu/),
which aims to improve consumers’ food safety bebtawvithrough effective tools and

products, communication strategies, and education.

2.1.Quantitative method

2.1.1. Data collection

Data were collected via a web-based survey. Thetgques addressed in the present study
were part of a larger consumer survey that wastserunsumers from 10 European countries
(Denmark, France, Germany, Greece, Hungary, NorRaytugal, Romania, Spain, and the
UK). The survey was discussed and approved by micrapgitg sociologists, and specialists
involved in food safety and consumers’ behavioine §uestionnaire was conducted between
December 2018 and April 2019. The sample was Bé@tbased on the regions of the
participating countries that represent the NUT3evel divisions both for the European

5
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Union and non-European Union member states anckdbeation level of the respondents

(Langsrud et al., 2020).

2.1.2. Survey design and reliability

To evaluate consumers’ hygienic practices the ¥ahg questions were asked: “How likely
is it that you would clean your hands immediatetieratouching raw chicken?”, “After
cutting chicken, how likely is it that you will nese the same cutting board (without washing
it) for vegetables, salads or fruits?”, and “Aftertting chicken, how likely is it that you will
re-use the same knife (without washing it) for wabtes, salads or fruits?” (ordinal scale, 1 -
no chance or almost no chance; 6 — fairly goodipihi$g, 11 — certain or practically certain).
A question regarding the placement of the sink (mainscale, yes/no; in kitchen or outside
the kitchen) was included to assert if there ameetations between food handling practices
and the washing site. A total of 9,966 surveys wetarned for sink placements and 7,866
for food hygiene practices. The questionnaire hagliable internal consistency (Cronbach’s

alpha = 0.74).

2.2.Qualitative method

2.2.1. Household visits and video-recording
A part of the SafeConsume’s transdisciplinary freddk aimed to trace and describe food
safety and hygiene practices and pinpoint cultdifferences between households from
Norway, France, Romania, Portugal, and Hungaryhénpresent study, 64 households were
included, covering three categories of consumesang single men (YSM), which are seen
as high-risk takers, young families (YF) with eitipeegnant women or children <5 years old,
and elderly consumers (>65 years old) (EP) botimghgiart of vulnerable groups. The
households were selected both from urban (U) aral (R) areas. All consumers signed an

informed consent form. Ethical approvals for thadgt were granted by the Norwegian
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Centre for Research Data (Norway, 55256/3/AMS), Gxission Nationale de I'Informatique
et des Libertés (France, 152182 REC 0717 TOO1)Ethial commission of the Dunarea de
Jos University of Galati (Romania, RCF1548/31.087)0 the National Data Protection
Commission (Portugal, 13914/ 2017), and the Natiéoad Chain Safety Office (Hungary).
The kitchen visiting teams consisted of food safetgrobiologists, and sociologists with the
exception of Hungary, where teams were built witldents in veterinary medicine. The
teams’ members observed consumers throughout the $bopping — cooking chain and
documented each step of consumers’ journey. Assaltresideo-recording analysis and
kitchen drawings were made for households from NMgndi3), France (15), Romania (15),

Portugal (13), and Hungary (8).

The approach and recording methods used the “gayakechnique, where the participants
take control and lead the activity, while the imtewers (i.e., researchers) accompany the
participant in their own familiar environments, whiin this case was the kitchen (Carpiano,

2009; Kusenbach, 2003) with minimal interferencénigir daily routine.

Video-recording during meal preparation allowedesscto consumer hygiene practices,
while also observing the layout of kitchens and kvareas. The videos were analysed with
the Noldus Observer XT software (Noldus Informatidrechnology, Wageningen,

Netherlands). In Observer XT, data analysis is ¢haseviewing the event log that contains
the actions performed by the consumers from omaare videos streams. By analysing the
records, we determined the frequency of hand abggactions during food handling and

preparation, as well as practices that could pi@tiyntead to cross-contamination.

2.2.2. Kitchen layouts

The members of the research groups of each copntyided the necessary information

regarding the placement of equipment and dimengbtise rooms based on the preliminary
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drawings of kitchen layouts made during the houkkhits. The standard dimensions for
the main kitchen equipment and work sites werertak® consideration from a database of
dimensioned drawings, which also has dimensionsdeguifor Kkitchen appliances

(https://www.dimensions.quide/). Final layouts dfetvisited kitchens were drawn using

AutoCAD 15 software (Autodesk Inc., San Rafael, G&)d presented ilata in Brief
(Mihalache et al., submitted). The software enaliles user to draw with fractional
dimensions and to define precisions to any numbdecimal places, which is not achievable
in hand-drafted drawings, thus leading to accudasevings in regard to all dimensions. This
allowed us to calculate the length of sides andwpeer of two type of triangles: the working
triangle (sink — stove — refrigerator) and the food safety trianglsifik — countertop -

stove)

After this step, we analysed possible connecti@isiben the pattern of arrangement of the
kitchen equipment and actions performed by conssiraier touching raw food, which led to
cross-contamination events (e.g., not washing handsping hands with a dish cloth instead
of washing hands followed by answering phone, aggeifdod containers, cupboard drawers
and doors, touching fridge handle and drawers,tanching animate surfaces like their face

and mouth or children’s hands and face).

2.3. Statistical analysis and kitchen layouts measuremés

The normality of the data was assessed using thei®RWilk test. The test indicated that

the data from the survey is not normally distriloufe< 0.05).

Spearman’s rank correlation coefficiep} &énd regresion analyses were calculated with SPSS

Statistics 26 (IBM Software Group, Chicago, IL).
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Spearman correlations were performed with the ddét@ained from the questionnaire to
evaluate the connection between consumers’ foodehggpractices and sink placement in
the kitchen layout (significant @< 0.05). Ordinal regressions were applied to detenf
the sinks placement had significant effects on goress’ self-reported food hygiene
practices (i.e., if consumers who have a sink-qupdpkitchen are more likely to engage in
safe food handling than consumers who do not osimlkkequipped kitchen). The predictors
from the regression models were assessed usin@rtirg@bus test. The goodness fit of the
models was assessed with the Pearson and DevisteeNon-significant coefficients imply
the model fits the data well (Field, 2018). Theuasgtion of proportional odds or the parallel
lines test indicates that the same set of coeffisies present across different response levels
(assumption accepted pf> 0.05). If this assumption is satisfied it indesithat the use of

regression analysis is adequaie>(0.05) (Osborne, 2017).

Bootstrapping with 1000 iterations was used bothlie correlation and regression analyses
to obtain bias-corrected and accelerated (BCa)straqt intervals (95% confidence interval).

This method corrects for bias and provides unbigsealues (Field, 2013).

The results from the household visits were analysaag ordinal regressions and the number
of cross-contamination events was depicted as &eSadiagram using Tableau Software

2020.1 (Salesforce, Seattle, WA).

3. Results and discussions

3.1.The demographic profile of the groups participatingin the study

3.1.1. Survey respondents

The demographic profile of the consumers from 1Qopean countries is shown in

Supplementary file S1.
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The survey respondents were females in a propooti&®.5%. Regarding respondents’ age,
18.6% were 35-44 years old and 18.6% were 65-7&yad. Half of them had a high level

of education (54.4%), and almost half lived inty ¢14%).

3.1.2. Visited consumers

Demographic details about the visited consumergpasented in the accompanyiDgta in
Brief manuscript (Mihalache et al., submitted). Fromwisged consumers, 57.8% were from
the urban area and 42.2% from the rural area. Hegpthe category of consumers, 34.3%
were young families (YF), 39% elderly people (E&)d 26.7% young single men (YSM).
The data describing the consumers’ kitchens (kiicaeeas, perimeters’ length and sides’
lengths of triangles taken into discussion in tlegdy) are also provided in the
accompanyindpata in Briefmanuscript (Mihalache et al., submitted). Eachskebold was
assigned a unique identifier which has the follgyiarmat: country abbreviation ALPHA-2
(ISO-3166-1) _consumer pseudonym_category of cons@Efe YF, YSM). The process of

attributing pseudonyms to the visited consumedegribed by Skuland et al., (2020).

3.2.Consumers’ self-reported hygienic practices and thplacement of the sink

Based on the self-reported data in the survey, aleulated the correlations between
consumers’ food hygiene practices and sink placeménom the total number of

respondents, 1,285 (15%) had their sinks placesiarithe kitchen.

Spearman correlationp)(were performed to assess a preliminary connedteiween sink
placement and consumer’s self-reported food hygipreetices. A significant negative
correlation was found between sink placement (datsof kitchen) and probability of
washing hands after touching raw chicken, whichcags that consumers who do not own a

sink-equipped kitchen are less likely to wash thends than consumers owning a sink-

10
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equipped kitchenp(= - 0.12;p < 0.001; BCa 95% CI: -0.07; -0.16). Additionallthe
significant positive correlations between sink plaent outside the cooking area and the
practice of re-using the same cutting board 0.11,p < 0.001; BCa 95% CI: 0.06; 0.13) or
knife (p = 0.14,p < 0.001; BCa 95% CI: 0.08; 0.2) without cleanihgrh, suggested once
again that the kitchen layout influences consuméosd safety practices during food

handling.

A couple of studies indicated that the frequencyathogen ingestion increases because of
the contamination of RTE foods (from raw meals wiavashed cutting boards, knives and
the cook’s hands), and due to the increased freyuehcontact between hand — unwashed
utensils during food handling (Kennedy et al., 20Z8u et al., 2017). The kitchen counter
and cutting board were found to be among the na#taminated surfaces in the kitchen with

E. coli (>10° CFU/swab) (Azevedo, Albano, Silva, & Teixeira, 2)1

Table 1 displays the results from the regressiodetso Ordinal regression was applied to
determine how much of the variability in hygienicagtices during cooking could be
explained by the layout of the kitchen and moreigedy by the location of the sink inside or
outside the kitchen. The goodness-of-fit testsTalble 1 are presented in Supplementary file

S2.
InsertTable 1 here

Sink placement was a negative predictor as consumkeo had the sink placed outside the
kitchen were less inclined to wash their handsrdfiaching raw chicken than consumers

who had their sinks in the kitchen (Table 1).

The placement of the sink also indicated that coresa who have sinks outside the kitchen

are 1.5 — 1.8 times more likely to re-use the sauteng board and/or knife without washing

11
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them after cutting raw chicken for the preparatioin vegetables, fruits or salad than

consumers who have sink-equipped kitchens (Table 1)

Overall, the regression analysis of the survey dtbthat the placement of the sink outside
the kitchen was strongly associated with lower diestpy of practices that can reduce cross-

contamination.

3.3.0bserved food hygiene practices and main cross-c@mination events that took

place in the kitchens during the SafeConsume visits

By using the “go-along” technique during visits, oetained raw live footage of consumers
hygienic practices, unlike CCTV recordings, wheegtigipants turn on still cameras when
they prepare food leading to “participant-producéaitage (Kendall et al., 2016; Muir &

Mason, 2012). The main assumption of this techniguthat the interviewers can better
understand how people appreciate and get involveldeir physical and social environments
(Kusenbach, 2003). Having the participants takimg lead reduces the feeling of intrusion
(Kendall et al., 2016) and gives them more freedorollow-up discussions and interviews

(Martens, 2012; Sweetman, 2009).

In Figure 1, the main potential cross-contaminagwants and the occasion they occurred are
presented. The events were counted as actions whiolved participants handling food and
then manipulating other kitchen items or foods withwashing hands in between the actions.
The most frequent actions after touching raw fofrdsv chicken, raw vegetables, lettuce)
included opening drawers or the fridge, maniputatiood containers, checking/answering
the phone and inefficient hand cleaning such asngiwith a dish cloth instead of applying
the recommended washing procedure with water arap.s®he other potential cross-
contamination events consisted of consecutive lnagdif different types of food without

applying a hand cleaning procedure such as: hapaleshed vegetables that will be eaten

12
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raw after touching unwashed lettuce and/or raw kem¢c handling washed lettuce after
touching raw unwashed vegetables and/or raw chjcgewving that consumers were not
aware on the key moments when it is important fgyapygienic practices. There were also
cases when the consumers touched their face aaatéel with their children right after

handling raw foods and without washing their hands.

Previous studies reported thatcoli was found on the surface of cell phones, thuseptesy

a health concern due to the high frequency of h@mahe contact during meal preparation
and while eating (Her, Seo, Choi, Pool, & llic, ZQHer, Seo, Choi, Pool, & llic, 2019). The
fact that the visited consumers manipulated risgigdé without properly washing their hands
increased the risks of foodborne illnesses. Sevastireaks underlined the importance of
RTE vegetables and salads as foodborne vehiclgsatbiogens such &s coli, Salmonella
andL. monocytogenefCastro-Rosas et al., 2012; Lokerse, Maslowsk&&pwvan de Wardt,

& Wijtzes, 2016; Bae, Seo, Zhang, & Wang, 2013).

InsertFigure 1 here

Table 2 displays the number of cross-contaminaéeents that occurred in each country
(alphabetically ordered) and the occasion they wedu The highest average number (21) of
potential cross-contamination events was recordethg handling of vegetables (tomatoes,
cucumbers, onions etc), and the lowest during teegration of lettuce salad (15) and raw
chicken (15) (Table 2). A comparison between coestrevealed that Romania and Hungary

registered the highest average number of poterrtialk-contamination events.

InsertTable 2 here

3.4.Correlations between food hygiene practices duringfood preparation and

kitchen designs

13
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We observed a similar average number of cross-gongion actions in kitchens where the
work triangle complied with the recommended perenetf 4-7.9 m and in kitchens where
the perimeter was higher than 7.9 m (Table 3). Guthe 51 households where the
arrangement of the equipment followed the kitchemwkatriangle recommendations, 8 had
the key equipment placed in line (particular cas#he work triangle, in which the tips of the
triangle are arranged in line). Examples of kitchemhere the work triangle had the
recommended value for its perimeter are presemtéldel Figures 2a and 2b and examples of
kitchens where the recommended value for the waatkdle is exceeded as result of placing

one of the equipment outside the kitchen are pteddn the Figures 2c and 2d.

InsertTable 3here

InsertFigure 2 here

The practices of the consumers where the perinoétiie work triangle was exceeded can be
explained by the fact that those who had equipnmated in other rooms resorted to
solutions that favored the practice of correct@awi(e.g., bringing a washing basin with
water on the countertop, bringing the ingrediendsnfthe refrigerator before starting cooking
and placing them on the countertop) although inescases these solutions generated other
incorrect actions (e. g. washing hands in the watsgre chicken meat has been washed or
rinsing hands in the same water for several timisjs interesting to notice that some
consumers living in flats, due to lack of spacedgerd their kitchens in their balcony where
they place either the stove alone or the stove #mEl sink (RO_Bogdan YSM,

RO_Florinel_YSM). See their kitchen layoutsData in Brief(Mihalache et al., submitted).

To further analyse if the work triangle influencesnsumers’ food hygiene and safety
practices, we investigated if there are any sigaift correlations between the recommended

dimensions of each side of the triangle (1.2 —)7and the number of potential cross-
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contamination events. Supplementary file S3 shdwscbrrelations between the dimensions
of the work triangle’s sides and the number of srogntamination events. We found no
significant correlations between the dimension adheside of the work triangle (even when
the recommendations are respected) and the avetegeer of cross-contamination events.
Hence, we can conclude that from the 64 visitedshbalds the kitchen work triangle was

not associated with consumers’ food hygiene prastic

The kitchen work triangle is considered by someheén designers outdated and hard to set
up because of the space required, especially imeysshaped kitchens, and because the
design is inflexible and confining (Williams, 2020amp, 2017). Even the world-renowned
chef from the 1960s, Julia Child, stated that sbesdnot pay too much attention to the
kitchen work triangle arrangement (Heyne, 2016)e T¢plit opinions among kitchen
architects and designers revolve around the fattvwhen they design a kitchen, they use the
work triangle both as a starting point and as akjpeint because they consider it a standard
in the design industry that facilitates meal pregan (Williams, 2020). However, other
designers stated that the human motions in thédit@are far too individual and diverse to

benefit from the purpose (efficiency) of the kitoheork triangle (Camp, 2017).

3.5.Placement of the washing area (sink) and correlatrowith consumers observed

hygiene practices

The regression analysis between the placementeofsitik and consumers’ self-reported
hygienic practices revealed a relationship thatlg supported by the results from the
observational studies. Table 4 shows consumersd haeaning actions and potential
contamination events from the households visitethibySafeConsume teams in relation with
the sink placement. The goodness-of-fit tests flnl@ 4 are presented in Supplementary file

S2.
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InsertTable 4 here

Sink placement was a strong significant predicfaamsumers’ hand cleaning actions and as
well of the potential cross-contamination eventsn§iimers who had a sink inside their
kitchen were 2.25 times more likely to wash theindts with soap and water than those who
did not have a sink-equipped kitchen. Regardinglhrarsing events, the difference between
consumers who had the sink inside or outside ttobdn is significant. Those who had a sink
inside their kitchen were 5 times more inclineditse their hands during food handling than
those who had the sink outside their kitchen. Tink placement also indicated that cross-

contamination events are less likely to occur winensink is placed inside the kitchen.

Kitchens with no sink were present in Romanianlraté houses (5 households) and in one
Norwegian household. An example of sink placed oortsl in a Romanian rural household is

presented in Supplementary file S4.

Although sinks were placed in kitchens in all tlleev households, there were four situations,
two in Norway, one in Romania and one in Franceylmch consumers did not use kitchen
sinks for washing hands but preferred to use thia Isenk for different reasons. Our
calculations took this situation into consideratibonRomania, although the situation seemed
to be at the first glance circumstantial for thielken RO_Sorina_YF (a sink full of unwashed
dishes), it proved to be permanent (a sink desigoe bathrooms was mounted in the
kitchen and a table nearby was used to keep ardy the lady of the house told the
researchers that she decided to have just hot wetlee kitchen following an incident related
to a damaged pipe whose replacement would havessitated floor destruction; the water
was really hot - about 65°C; cold water was cdrfrem the bathroom in a plastic basin to
be used for washing lettuce, vegetables and chickeat, while washing hands was

performed in the bathroom). See this sink in Supplatary file S4.
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In households where the sink was placed outsid&itbken, the consumers performed 1-2
hand washing actions and 1-5 rinsing actions ducimgking, while one of the consumers
only wiped his hands with a dish cloth (4 timesyt@ad of washing hands. Higher
frequencies in hand washing and rinsing were olesefer those who had sinks in their
kitchens (up to 5 hand washing and 11 rinsing astiper consumer), proving the

significance of the sink placement in the kitchen.

As discussed in a separate publication, besidels giacement, the other factors that
influenced consumers’ hand washing frequenciesided their level of knowledge, routines,

and risk perception (Didier et al., 2021).

3.6.An approach to a food safety kitchen design

As shown in section 3.4 the kitchen work triangkswot associated with proper food safety
practices. Therefore, we propose a new conceptottesafety triangle represented by the
kitchen sink, working place (usually countertopylacooking stove. In the food safety
triangle, one apex was considered either the caopt®r the table depending on the place
where the consumers prepared the meal. Most afdhsumers used the surface of a cabinet
(countertop) while in other cases the kitchen teddtne was the place where consumers
prepared food. In comparison with the work triandte the food safety triangle we have
considered the preparation area (countertop orelainistead of the cold storage area
(refrigerator), as this is the place where mosthef meal preparation is done and requires
more hand cleaning actions to avoid cross-contammavents. The cold storage zone was
excluded from the triangle because consumers dandat of the fridge all the ingredients
they need for cooking and place them near the pmépa area right before they start
preparing a meal. Then, when meals are ready, feeds to cool before being introduced

into the fridge. So, we considered from a safeaypdpoint that there is a minimal interaction
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with the fridge during cookingoer se if consumers are well organized for the meal
preparation, leading to a low incidence of contation events between fridge and the other

surfaces.

Table 5 presents the average number of potentialaotnation events and when they
occurred in kitchens where the arrangement of ghedquipment had a perimetet m and

kitchens where the arrangement of the equipmenahzatimeter >4 m.

The average perimeter of the food safety triangdenfthe visited households was 4 m, and
we chose to compare the number of cross-contaromattions between kitchens where the
perimeter was<4 m (37 households) and >4 m (27 households). Twwentross-
contamination actions per household were noticekitehens with the perimeter >4 m than
in kitchens with the perimete®d m (Table 5). In our calculations, we considefezldistance
sink-working place-stove even for kitchens where kley equipment was placed in line (26
kitchens). Other comparisons that were tested waebperimeters frome2 to >8 m but no
significant differences were found regarding thember of potential cross-contamination

events f > 0.05).

InsertTable 5here

To better understand if there is a relationshipveen consumers’ observed contamination
actions and the areas of the food safety triangke,analysed how the number of cross-
contamination events is predicted by: a) the sigkuntertop distance, b) the perimeter of the
food safety triangle, and c) the interaction sinkodntertop distance + the perimeter of the
food safety triangle (Table 6). The goodness-oftéists for Table 6 are presented in

supplementary file S2.

InsertTable 6 here
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Examples of kitchens from the visited consumers reentbe food safety triangle had a
perimeter<4 m and the sink — countertop distance whasn are shown in Figure 3a and 3Db,
while in 3c and 3d there are examples of a foocaktgafriangle arrangement with the

perimeter >4 m and sink — countertop distance >1 m.

InsertFigure 3 here

As shown in Table 6, the number of contaminatioenés was influenced by the sink —
countertop distance. Thus, in kitchens where tls¢gadce sink — countertop was >1 m the
probability of cross-contamination events occurnives nine times higher than when the sink
— countertop distance wad m, indicating that the number of cross-contanmmaactions
carried out by the consumers visited by the SafeGore teams increased especially when
the sink — countertop distance was >1 m. This plazed near the sink, either represented by
a countertop or a table and named preparation aceass the manuscript, should be
dedicated to raw food handling. Ready-to-eat foslusuld have their places in the kitchen,
different than the preparation area, to avoid comsgamination as the sink itself and the

washing procedures may spread microorganisms tbyearfaces.

Another aspect related to the number of practieaglihg to cross-contamination while
preparing a chicken and salad menu is underlinethbeysize of the perimeter of the food
safety triangle. The perimeter was a significargdptor of potential cross-contamination
events. When the perimeter was >4 m consumers thege times more likely to perform

actions that could lead to cross-contamination.

When the sink — countertop distance is >1 m andgbhemeter of the food safety triangle is
>4 m, cross-contamination events are two times niikedy to occur. Even when the
perimeter is<4 m, if the sink — countertop distance is >1 m ehisrstill a positive relation

with the cross-contamination events. However, witensink — countertop distance<i$ m
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and the perimeter is >4 m cross-contamination evard less likely to take place, implying a
potential connection between consumers’ observeiehg practices and sink — countertop
distance. Thus, the higher the perimeter of thel feafety triangle and the sink — countertop
distance, the higher the number of cross-contamimagvents that took place in the

consumers’ households.

However, it should be underlined that the ordirgjression model 1 applies to 4096)Bf

the experimental data due to the high heterogeoéitiye household visited ranging from the
ones without minimal means for ensuring food safesy, kitchens without running water,
kitchens with no warm water tap) to the very modenes benefiting from sophisticated
household appliances. It should also be notedabsérvational studies, in comparison with
designed experiments, are more difficult to be brcated and could present higher
experimental errors as their results might refeeaumber of potentially confounding factors

(Table 6).

In Table 7 is displayed the average number of piatenross-contamination events, the

occasion they occurred, and the sink — countertgpamte. In 34 kitchens, the sink —

countertop distance wad m and the average number of potential contanonatctions was

8, while in the other 30 kitchens the sink — cottoge distance was >1 m and the average

number of potential contamination actions was 12.

During the household visits we observed 14 casemravbonsumers had a countertop near
their sink €1 m) but chose to prepare the meal either on ttehdm table or on another
countertop instead (placed at >1 m away from th&)siFor these consumers the average
number of potential cross-contamination events ®@shigher than the average when the
sink — countertop distance wasxl m (e.g., FR_Mathilde_YF, NO_Nils_EP,

RO_Balanel YSM, HU_ Margo EP). More details abowrtlkitchen layouts are shown in
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Data in Brief(Mihalache et al., submitted). To such consumeis iecessary to explain the

importance of the placement of the countertop tieasink.

InsertTable 7 here

For food safety reasons, the distance betweenasidkpreparation area (countertop or table)

is more important in the kitchen design than thekwoangle.

By highlighting the importance of kitchen layouts @consumers’ food safety practices related
to cross-contamination events we hope that newnmaeendations will be made prioritising

consumer’s safety and not only efficiency in kitche

This is a new suggested concept and although #stinidy we presented data that supports
our concept, we acknowledge there are limitationshsas: a) the sample size (64
households), b) other factors that could causeserostamination events (consumers’ level
of knowledge, routines, and foodborne risk percaptic) outliers (consumers lacking basic
means), and d) consumers’ behaviour that can chamger observation (Evans & Redmond,
2018). Our results can be used as a starting gomtuture research regarding kitchen

arrangements supporting minimisation of cross-goimation events.

4. Conclusions

Our study, which to our knowledge is the first simgvreal kitchen layouts from five
European countries, emphasizes the importanceeskethayouts in relation to consumers’

hygiene practices.

The findings from the visits support the fact thatignificant correlation exists between the
sink placement (inside or outside the kitchen) hpgienic practices during food handling,

which was the finding from the survey, and, moranthhis, showed that the kitchen work
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triangle was not associated with food safety, stheenumber of food hygiene practices was

not correlated with the recommendations for thekwoangle.

This study outlines the importance of implementihg concept of food safety in kitchens
highlighting significant correlations between thinks placement and consumers’ food
hygiene practices. The regression models for corssinobserved food hygiene practices
indicated that cross-contamination events are kel to occur when the sink — countertop
distance is >1 m and the perimeter of the safengte is >4 m. Hence, we consider that the
food safety triangle, which is the triangle formegthe apexes of sink — countertop — stove
that we suggest in this paper as replacement dkitbleen work triangle, with the perimeter
<4 m and its side represented by the sink — cowpatistance<l m may be an acceptable

compromise between safety and efficiency in kitshen

As our study was observational, examined kitchlas highly differed in the way they were
designed and equipped and took into consideratish the number of potential cross-
contamination events and not the severity of tise@ated risks, it opens the floor for studies

to confirm our theory.

Meanwhile, education of consumers should not bdextg. As kitchen designs favouring
hygienic practices is a necessary but not sufficieondition to reduce risk, making

consumers aware on the key moments when they lwaetean their hands, utensils and
surfaces remains a challenge for assuring foodysaiehomes. Consumers able to apply
good hygiene practices in their kitchens and ahkitcorganisation facilitating these good

practices may be a synergistic approach to rechaabbrne illnesses.
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Figure captions

Figure 1 — Sankey diagram illustrating the maireptal cross-contamination events and the

occasion they occurred

Figure 2 — a) and b) Kitchen layouts (RO_Amalia_affél PT_Augusto_EP), where the work
triangle has the recommended perimeter (4 — 7.9 aoy);and d) Kitchen layouts
(NO_Fredrik_YSM and FR_Vincent_YSM) where one oé tbquipment was outside the

kitchen, hence the recommended perimeter was eadeed

Figure 3 — a) and b) Kitchen equipment arrangemeérdre the food safety triangle has a
perimeter<4 m and a sink — countertop distardem (RO_lonel_YSM and NO_Inger_EP);
c¢) and d) Kitchen equipment arrangement wheredbd §afety triangle has a perimeter >4 m

and a sink — countertop distance >1 m (HU_BA_YF BRdElodie_YF)
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711  Table 1. Regression analysis of the self-reported hygig@mactices during food handling dependent on th& piacement either inside or

712  outside the kitchen

Model Sink B (SE) BCa (95% Cl)  OR (95% ClI) p
placement
How likely is it that you would clean 1 Inside y] 1
your hands immediately after touching Outside -0.64 (0.03) -0.32; -0.89 0.52 (0.4419.6  0.00**
raw chicken?*
After cutting chicken, how likely is it 2 Inside 6 1
that you will re-use the same cutting Outside 0.37 (0.08) 0.19; 0.54 1.5(1.23;1.71) 0.00**

board for vegetables, salads or fruit?*

After cutting chicken, how likely is it 3 Inside 0 1

that you will re-use the same knife Outside 0.56 (0.08) 0.25; 0.86 1.8 (1.48; 2.07) 0.00**
(without washing it) for vegetables,

salads or fruit?*

713 B = regression coefficient; SE = standard error; B&Z#6 Cl) = Bias-corrected accelerated (95% configeinterval) using the bootstrapping techniquéQliferations); OR

714  (95% C.l.) = odds ratio (95% confidence interval}x reference value; *N = 7866 valid answerg £0.01.
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727

Table 2. Average number of potential cross-contaminatioenév per country and per

kitchen and the occasion they occurred

Average number of CC events that occurred during hadling of...

34

Country raw chicken raw vegetables lettuce Total
France 3 3 3 9
~ Hungary 6 3 3 12
W 1 6 2 9
W 2 3 4 9
“Romania 3 6 5 "
Legend s Average numbgtlocl; CC events -
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737

738
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740

741

742

Table 3. Average number of potential cross-contaminatioenéy and the occasion they
occurred in kitchens where the arrangement of & équipment had the recommended
perimeter of the work triangle (4-7.9 m) and kitckewhere the arrangement of the

equipment had a perimeter >7.9 m

Average number of CC events that occurred during hadling of...

Kitchen work triangle raw
n raw chicken lettuce Total
perimeter, m vegetables
4-7.9 51 3 4 3 10
>7.9 13 4 5 2 11
Legend Average number of CC events

<5 5-10 >10
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748

749

Table 4. Regression analysis of the observed hand cleautigns and cross-contamination events in relatiin the placement of sink either

inside or outside the kitchen

Model Sink B (SE) BCa (95% Cl)  OR (95% ClI) p

placement

Hand washing events* 1 Inside 0.81 (0.07) 0.44; 1.17 2.25(1.93; 2.63) .00¢"
Outside v) 1

Hand rinsing events* 2 Inside 1.71 (0.47) 0.92; 2.39 5.54 (0.11; 31.05)0.00**
Outside v) 1

Cross-contamination events* 3 Inside -0.35(0.08) 0.45; 0.63 0.7 (0.58; 0.82) 0.00**
Outside v) 1

B = regression coefficient; SE = standard error; B&Z#6 Cl) = Bias-corrected accelerated (95% configeinterval) using the bootstrapping techniquéQliferations); OR

(95% CI) = odds ratio (95% confidence intervaly eeference value; *N = 64 participantsp*% 0.01;
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Table 5. Average number of potential contamination actiand the occasion they occurred
in kitchens where the arrangement of the key egeinmad a perimeter4 and kitchens

where the arrangement of the equipment had a ptnimé m.

Average number of CC events that occurred during hadling of...

Food safety triangle raw
n raw chicken lettuce Total
perimeter, m vegetables
<4 37 2 4 3 9
>4 27 4 4 3 11

Average number of CC events

Legend <5 5-10 >10
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Table 6. Regression analysis of the observed cross-conédimmevents in relation to the

sink - countertop distance, the perimeter of thelfeafety triangle, and the interaction sink —

countertop distance + the perimeter of the foodtgafiangle

Model 1 Cross-contamination events

B (SE) BCa (95% CI) OR (95% CI)

Sink — countertop distance, m*

<1 03 1

>1 2.25(0.5) 0.39; 1.88 9.51 (3.14; 28.78)  0.00**
Food safety triangle perimeter, m*

<4 03 1

>4 1.11 (0.05) 0.03; 2.32 3.03 (1.13; 8.09) 0.03***
Interaction of sink — countertop distance with foodsafety triangle perimeter, m*
Sink-countertopcl and  0? 1
safety triangle<4
Sink-countertop >1 and 0.77 (0.03) 0.19; 1.55 2.15 (1.25; 3.7) 0.00**
safety triangle >4
Sink-countertop >1 and 0.64 (0.04) 0.37;1.01 2.08 (0.91; 4.72) 0.00**
safety triangle<4
Sink-countertop<l and  -0.37 (0.03) -0.52; -0.24 0.69 (0.33; 1.44) 0.02%**

safety triangle >4

B = regression coefficient; SE = standard error; §@%26 CI) = Bias-corrected accelerated (95% confide

interval) using the bootstrapping technique (10@0ations); OR (95% CI) = odds ratio (95% confidenc

interval); a = reference value; *N = 64 participantp < 0.01; **p < 0.05.
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Table 7. Average number of potential contamination actimglated to the sink — countertop

distance and the occasion they occurred

Average number of CC events that occurred during hadling of...

Sink - countertop raw
n raw chicken lettuce Total
distance, m vegetables
<lm 34 2 4 2 8
>1m 30 4 5 3 12

Average number of CC events

Legend <5 5-10 >10
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Highlights

» Sink placement in kitchens correlates with selfergégd food handling practices

* Sink placement is also correlated with observedsamntamination events

» Kitchen layouts based on the work triangle do mpi®rt food hygiene practices
* A new triangle nametbod safety triangleis suggested for kitchens’ organisation

* Sink — countertop distanceg m favour consumers’ food hygiene practices
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