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I n recent decades, food systems have been rec
chall enges, contributing to climate change and th
(NCDs) due to the incr eacsalnigeldy Weisdteesrpnr eflande thadsoypst pi aot
are estimated to be ridgspomdi gl @ bfadr gapemdbdoiumaet glay
dietary habits are associated with appreoxtiimaeg.el fyo
waste is a systemic problem, with approximately 1
Given the projected growth of the world popul ati
people by 2050, pa ordaditd @ln dtsi fur gently needed, whi
individual codsummtiisorc omatetxer,ngs.he promotion of he
by a predomibrmasmreade fofodmsl, amretmer ges as an urgent pri
simultaneously address indiviidwuant,s.environmental,

Among the popul ation groups that can be addres

represent a Sstrategic target. Thi smakiangge aut olniofne
profound changes inceéatiendg whelhawi oreducfttieom aqnsai e
recommended dietary patterns. These students are
agents themselves. Furthermore, univel®ixtieag eoifvfea
acting as "living |l abs." Thanks to their intrinsi
approaches that address changes in the dietary e
healthies mdtudemlity an et hical i ssue relatewino tI
approach, as it is wel/ recogni zed that students
better academically.

Traditional nutritional interventions are pred
yet they |l ead to | imited effects that are difficu

Change Wheel ( BCW) nhuilgthilliegvhetl tahpep rnoeaecdh efsort o addr e
behavior (opportunity and motivation) through tar
policies. I n this context, environmehbhtbd!l t modisf Baa:
applications represent promising solutions, altho
l'i mited ewvwdrelnd es e tnt irreqd .

Considering these criticalhtsosdeesl ophei mpj emén
empower ment model s for promoting healthy and su
combining environment al interventionwprtddgfteli g
thesis is structured around four interconnected s

The first study evaluatoenponkaetefmmfuegt ngemnes £r vfe
the university cafeteria on the Parma campus, wit
waste. The studyfi tolnddaamphkeg ofefr observation for
wast e, yielded partially positive results. I n te
selection of dishes | akealcedguh'iftesshlaesite adritdh eS usset! aeicnt e
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which increased dbuni p@gr #hkeli mtterwemttiiom. di d shov
redudtriadmaed obweofl whet ed di shes. These result s, i n
|l iterature, highlight how changes in the environm

The second study devel oped and validated FLIC
for visually esti-warnli dhgs dtotoidngva.stRatian werad col |l ec
on the Parma campus Bf omagdz2sdayfys 40dbttaiaryisndg bRG&or e
computer Vvision system. For these trays, the wei ¢
weighing. A pipeline based on the corneéparefh fHodi §i
The segmentation models achikrwted dwegrh @mercfuocramynd o
to the greater visual complexity of trays after t

computer vision systemsgorflod sweatsttien gess,t iariamiinbgh etion b

t ool

The third study invol vedapphe ane veeHeglmemtt wmdl td
participatory, mul tidisciplinary approach. The pr
design, devel opment , and testing), i nvol ving uni\
Taxonomy of Behavioral Change Techniques v1. The
organized into 11 clusters, translated into pract
i st a sustainabl ealriezceidp ee dduactaatbi aosnea, | p acpodnht gelenet Is @bna s
profil es. The Uniplate app was tested in a randc

acceptambdaft a Gglyi on

The fourth study evaluated the effectiveness
di etary habiwese kt hrreorudgdhhmiaz ed2 contr ol |l ed aditenmiwealk st
resulted in a significant i ncrwhadsed aiprefishhde o@micmadyn
outcomes included an increase in vegetable consum
fiber intake. Urinary biomarkers confirmed these
whol e mda ao tnisleaas pd amdods, al ong with a reduction in
i n
Me

ervention group al so observed i mprovements [
iterranean Diet, while mmosdi gmaicfriomairttr i @emarsge slt

t
d

that the app could promote healthier antdermorst usdis
e

ar needed tdeaconfeifrfrmcittiselnersg .

Overall, these findings highlight twhoer |cdo nspeltetxii
influenced by individualFroemct Rils peds et ro@ameunmni
contfeoxt desi gni ng, testing, and i mpwemedt|l aboi at e

devel oping scal abl eOaedaktkranshiesabhesissl acohbnsbut
by proposing and evaluating a multilevel empower m

for developing effective integratetsstnayeghgsata
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1.1 Transforming food systems in t

environment al chall enges

Food systems worl dwide are confronting unprec
intertwined global health, eThhveiarod®r memattaels,c habmmdg estoecn
the stability ofl ealdddinegs sar v f b,d lactddagvricagdeantdigqod @tf i o n

freshwastoduriTthees Si xt h Assess menltn tSerng chveesri sgneRreCdadl rt & teoa
ChanNdeCC)t esttimat t he gl chaaviel s erfdgc é nt cempP@atedolry & |

priendustribbteandwéthillliion apeapgheéy v ulhnee rianbplaec tt
climat eHwmamgecti vities are respionsabtteabtos pdhemd
freshwatewhidmeres40% of l andMeué dwaeamr,r fwomr degyadaut

change is expected to affect 4[ blhlel gdéwh@aédpgest em
esti matred ptohcbhbddrout hlingtne ehBdMiusE],wimisc i ucpa WBHoe s8

def ore[8]t atben 70% [andr éeéshwadteerl eadi ng 1f5pdabenefor
environment adf cfomesed questcems ar e ddtoenrgmitcrhead rmmyogmu |

whitcthea-ndcehangoes i vestock farming, food pmprlayesasichal,c
r ofl6le
These environment al i swsi lnegs ga roeb arha dpeo pwid rastd oy a:

for food, water anrhd sl igmdbmwadshsd migat dvad wirtelssur e on t
[7]. The Unidetdi Mattea ontshat the worl d popuplraotjieoont erde e
i ncrteoas9e. 7 billion in 20[3MAnandcaowars eld0 ploipldlleiatarn dny i
for food, wnaltaediymdgames d amel, on t hceh ad n gihcga p avefn t fy caondd

systems to opkhatrei slkusitaimatbllyi. mited to a scenar.

2.33 billion people wildl be food insecure,8 of w h
Mal nutrition, i n fdeoautbh,l eib. b datfdteammhpdnteineaadi mbabhance
i nt,akeeaavien&rg 2 obi I I'i on adul t sofb ewdnogn @abemwai gigt t 08 9

State of Food Securi rep@mnd Mwrttrbegrinmr d,n prhoajsewottil odi
i st idmatad by 2030, the number of peopl e8.afThicd e
compomfe nmhal n wtcr ietaisessk tofe devel oping noncommuni cabl
di sease, stroke, c amexpi,d iadtialyethiecch cagdowawimnmpynglcob:
According to the Gl obal Pyuunkeaalotth VWi goerpes s D@00 & e d 1
approximately , 1 emireb®onfi dght hd eattthrsit NGtDehdnad D5 |
mil ldiemability adjusted |niafkdumudeeaa Ist hhDedehaltsinrggfoorrs A wf
t he gl oballi skewarsebe 0 ecawliiorkg mag ranpdo9 Thhe s enDALYs refl ec
of life | ost due to premature mortality and years

as cardiovascul ar dceseaaeg®rsype 2 di abetes, and

10



These health trendsa alknewtdrliotsieo ny tlriannkseidt itoon ,t hae ¢
patterns chagaompiosfapeddebnygsyey foods, refined grains,
sodium, and red taymd cparlso dodi esnmblitend s B I Pdhes ot iransit
driven by gl obaldmrdateéxmandirrmgani mgdwsmtrhi al | baad sup
mi diiheecmenfThieseg®. eating habits are becomi ngungaoarre c
eaten is often more than 100 g per day, and the a
i s almost twice thefWROThecaoawmemeage daméuwmnt of satu
than 10% of tdAt0H|IIZ &Aherntdye ismtmake i me, the amount of

gone up to more than 3, G0n0c okrcea |la rpeears . p €lrhsiosn hians sl el
over wei ght, o0beser elantde dd erveenl cogpmmmugn | dfigiebTlhee s @ i sdei aest ea
transhavienas di sproportionately | arge effect on t
probl ems &3.en worse |

The Food and Agriculture Organization of the
advocate for diets that, adieetbaotyh phaetaletrhnys anrhdats ussu
wel | breeitmmagi,n cul tandl by f acdedptedandnvi [l4.Coersti aler i m
t his, FAO and WHO have established @ansicth e@dietsdy ,f ¢

environment al i mpact , and socaottcudnsrabedsgpetbds m
accessibl,e,saffd ocanda bd & dierng[iHidgElla2gle Beenpnpr omotl ud
diversified and sustainable food production syste
(iii) improving food environments to facilitate h
that incanbhablieeasdshutritious foods; (v) enhanci
reducing food | oss and waste across the supply c¢h:
interventions; and (viange famd eadadlnlgabmur datiiserctaman

Beyonaemvironmeat awa sfteo o empea elseemttesdoat omponanhabi
food s@lsdleansl y,t mheef d did rpr odu SPand sméoent ost wadiseé € d

t hose est.lmatliloenest igfveeOnNlgns ktutdi ngsuni versity canteeil

typically | ow and rteder eoni shia hs tnrecan g vion tuenteesst i n
t hplenomenosn sts and is often attributable to stru
portioning practices, me nu dleasi[6gles. UshZilmer ciohpg t cant
di veer someti mes privately managed, someti mes regul

some of them frequently serf#rvidénemtthaegsdhobveant é@at
food waste is wubiguitar imems uanaolddiehs add Ba2kfllded B3dr s
perspective is central ttloi 4,htepesrips aldlcarl |l woirrk Sltewdy
expl ore meadandds rtellen o d dwadtter t he |cedwihsounendprtsiiolnl b e
to as fAplate wadthedeni werhitteyemaoifis®airma, Uni versity

11



REGARDING THE HEALTH ASPECT

SUSTAINABLE
HEALTHY
DIETS...

Figure 1. Guiding principles for sustainable healthyidiagsprdRapiptiesed from FAO and WHO

12



07

Create an enabling environment
through government mechanisms,
incentives and disincentives; legal
frameworks; and regulatory instruments
to promote the production, processing,
distribution, labelling and marketing,

and consumption of a variety of
foods that contribute to
Sustainable Healthy Diets.

Analyze existing food systems to identify
potential changes needed to encourage
the production, processing, packaging,

storage, distribution, marketing and
retailing, and consumption of a

diversity of foods needed for

Sustainable Healthy

Diets.

®
=
Ensure that affordable and desirable
foods for a Sustainable Healthy Diet
are available and accessible for the
most vulnerable. Address inequities
and inequalit: nd consider the

perspective c

Promote capacity development
strategies for behaviour change,
including consumer empowerment,
and effective food and nutrition
education.

people s

hacoli

of current diets, when needed conducting
individual dietary assessment by age, gender,

income, ethnic group, and geography. Use
these data to identify which shifts in diet
could potentially have the greatest
positive impact on both health
and environment.

O

Develop national food-based dietary
guidelines that define context-specific
Sustainable Healthy Diets by taking into
account the social, cultural, economic,
ecological and environmental
circumstances.

:»\.}
-

Ensure policy coherence by aligning
policies across all sectors (agriculture,
health, education, environment, water,
trade, etc.) from local to national to
international level and discussing
with all actors of society.

Quantify and balance the potential
trade-offs to make Sustainable Healthy

Diets available, accessible, affordable,
safe and appealing for all.

Identify, in any given context, which
foods are available and accessible
in terms of quantity and quality and

where and why mismatches in
food supply and demand
exist

FiguAet 2ons for theusmpilemehnheé ahéeant oy di et s. Reproduced from FAO #4nd WHO (2019), Sustain
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1.2 Young adults and the universit
shaping |ifelong dietary habits
Thei fe dpeefriimedd as "young adulthood, " the tran
represents a cruci al |l ife stage for defining and
with university, when vyounhge pfeiorpsite tfiimmed, tehaetmsneg voce
autonomy in their choices,beihmdlhibagi ng afncdod i omoii se ©
by separation from the family environment, i ncre

greater exposure -maokiifnhgllepenfienstdgei ssoaften def i

i nfl Faumrdeéhr.er mor e, young adults are increasingly g
medi a, exposing themselves to content of wvarying
of eat iwige h adbeiatsleedn e f | ¢ (158, 16,1¢.f f ect s

These contextual and behavioral c¢hiahnegesi tseirgantiufriec as
there is a tendency to adopt wunbalanced dietary p
hi gh consumption of convenience foods, and a dec

provi dedspbeycttilvee rneat i onad. Reld evriitalregh cgu if d @lmi neasal i an
adherence to dietary patterns recognized as heal!t
decline di9QgniOhl gyaddloy of university students consu
only 22.5% of the sampl e consfafimewr tthvor nsoerrev,i nngesa | o f
often compr or@i. $éd c owmistulmeorliwe meal s a day, as rec
[202]] Whil e this isn'"t necwebkhr  btgloagtn uteteiflso rs teavgeer yofn
opportunity for this segment of the popul ation: h
| i[22k .

I n Europe, t he s h3af eyagfa syiotumga admil v sr i2tdy degr ee
from 36. 4. i mhao0osameotgendeéedbanmablkeedtur apsanobager a
in |Italy, where it rose f28]oTnh e 4% oir re , 2 @vh S tinak e Belars§

numbfyrouong @rem padtet end i ntgh eusnei vreerpsrd @ syef mbr t an usttrri a ti eogni  ce

capabl e of i mfdli of eombadiarmcgh obioctensf aedivi henmampus
I n this sense, promoting healthy and sustainal
et hical responsibility aligned with. tBeidendher fr

|l iterature clearly indicates that th42pualFiroy ohi
perspective, investing in nutritional educaniinon,

approach.
1.3 Determinants of dietary behavi

Eating sambaygi ontiwdeermnstist yarse t he r esoufl tmudft iap |ceo nij

as des croiedeal dyi c26/27] mo dédlesdean o ta cjtuoste | ced yemd i vi dual
14



anwi | | powatehnbguet fr om t hemulinttielsgaweeli ® ns o€ h ianst eirmpdeirvsi
envir ormman tsadecti earl m[2h 28h tAd t he i ndi vi dual |l evel , n t
preferences, timeemahagéwmanobpvaodss el p[28;y hhoweweri,

evidence supports the view that knowl edge al one

especially in a population segment exposed to mul:
[29]. At i nt er pedestoenranhi nlaepMecel r s yal d misloyg ieaxlernmoramsst r on ¢
i nfl.uelhrciever saireeyt s eme lwasrieds s e nos istoicvi ea | influence, p

since theygl tdilhmmate contri bute tdhemopgékenongmenberi of che
choices of other individu&ahndwiehagoor3Mimi sogidal c

Economic constraints represent an addiitsonatea
for the genehia$ mpagpfuflschatideeart s o6 sc kotmmeomel yt on f amil
ai d eaonsld lbol aarts htihpast slLtiarg e eaf fli infa@fctieanl rreesstoruirccte sac
nutritious and sustainabl-eodtooand deé m e cAyfyf nodyedaatba il a @
explicitly recognjtée¥f dycé&A® pnidn MH®DI e orfe nsau sntsa ian
maj or barrier for young adults navigating tight b

meals and the availability of subsidized options
an i mport anaty eerc otnoo mihce environmental determinants
A further | ayer of influence in the university co
accessibility, price, and convenience of food sig

of ewemgyey atnebhtr [82.s Furt her more, specific academ
class schedul es, exam periods, and the organizat.i

i nf or me 28] Bhr miadees factors such as food marketing,

acatt t he mhalca oi derveedsing digitalization of the foo
related content, influencing preferences,[33percept

I't is important to emphasize that these determ
with each other. The transition to adulthood in wu
make it an obesogenit éeésviemsymeéwnt swhenb|[&,28.nt o sub
l14Uni versities as |living |l aboratori
environments

Hi gher education institutions are increasingly
promoting healthy and sustainable diets. For seve
organi zational modelisnn fuomn viee slitth epr;, o mxtaimpl es i ncl

Framewor k-Pfromokhkie aalgt [8h i \aed rosiigt iwe s h t he [3B]016r Ok b a a e
recent EU Gr[¥FlefheAslel ilamicei ati ves explicitly call

sustai nabibeitnyg, iamntdo wehleli r co+@asmidssisgyrss etmhrco aglipre

15



environment on campus, including canteens, cafete
eat through wh &txdpsr aocfefde raendd, hwohwa ti tiéss di spl ayed. R ¢
modi fications can meaningfully affect people's ch
[38] . I nterventions such-baseidnopeasinsg tmerofdiuei ngf
and reorganizing menus have proven effective 1in
opti3®mg Ih addition to these structur al character
integrate research, teaching and practical applic
di gital infrastructutesnantdvemeaturadgbedieretemsenud
particul arly suitable for the design and i mpl em
simultaneously on individual by Hioavre vandviedwi byl
Ktrarzer RBtphiaghl i(@®Wti25)how the available evidence
terms of robustness, with t hecomopsoth epnrto minstierrgv erne si uc
environmental, educati onBhi sanavichenmueriicatcomsiss tr &
reviews, which report moderate but variable effec
emphasize the importasepecof i c 48 @3pidai e tha ann df nciavhetr esx
environmasne@erls e ndcronpioaile@at menu struct ur e,phpyosritciadn
|l ayout ald fipltd caogessi bilitdyi faedentesiopabiohsty Gof
i nt er voefn ttiho nss adiiast s eervtad tuiadrn ng di ffeoeducit edei wnenhhi
t he Campus of theErdmivbhisi pgrepePaima, this thesi

i mpl ementing and evaluating innovative strategies

15Li mi tati ons of traditional nutrit
Il nnovpaatritvieci patory approaches

Designing educational interventions based on ¢
the intervention not being effective, but also of
effectively promotershaergaeasrien eafengnbehtwoi sol id

t he Behavior Change Wheel (BCW29, preppesedt by oNEec
comprehensive and recognized models for designing
prior model s of behavior change and represents h
mul ti plwa tfhacniuolrtsi pl e | evels of influence. 1t integ
and policy |l evers into a single framework, of feri

design of effective strategies.

This framework is structured intdthAteth@ateorc
is tha&8 omOMel , which defines the primary deter mi
individual 6s psychological and physical capacity

factors exnedimalduab that make a behavior possi bl e

energize and direct behavior, such as habmdluiang pr
16



The second | ayer includes nine intervention func
influence a behavior on its deter minants. Finally.

and regul atorynd oer ablteé aitntsairpywentti mecédluaecsebnsnygs.

. Sources of behaviour
- Intervention functions

Policy categories

Psychoiogicalo Physical

& R
o I
& G
& %
XF £

HOTIVATMON

Training

SerVice provisio®

Fi @8r Behavior [®hange Wheel

Despite the availability of robust theoretical
single component of the Dbehavioral system. Typi
di ssemination of i nformavienon hobughmf bematurensal t

campaigns, resulting i-memodiemp [494smé mmps amdngf hatnr
health knowledge alone rarely translates into sus
adults who are exposed {4647mAd ¢ o pdieng tti onutl he aB@Wi Inc
thdb not addressf t bpp @retrgonésd ymraivad | abi |l ity and ¢
motivation (e. g. , tseoncdiianle fribd@]cntsiy @ modrieyt gpreeorpd epst)d | € T f o

resources

Foll owi ngppubésshedh by Michi e[46pmdat tcloehdl leaggtuerse i fn
devel opment of behavlayls yshtaenmateidad lelf wRimdd m@mddi z
Behavior ChanginghBechripgesentBCh®) fiactgevnee rcaotmpnogn
structureBomaxeramp-mesi beeit s@hatinsd r ecei vHogwevVveredb
numer oug eptoudi en how these technuquessaresbshgqblan

reducing the overall [49%0l.ecti veness of interventio
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Further critical i ssues i nclude a l ow | evel
Admini stering a standardized educational interven
in question could significantly reduce engagemen
natives, expacendaichgegd nRe cxmptere windersce suggests
caereation approachkheown aoamescppdsad ttmom ttchp design
i ntervaesntt ey adri g nlews damdatdldl s and amrde ffgarsetacongns wea r
partitcthemablbee s

Overall, these | imitations highlight the need
uni versity students that are theoretically robust
multiple |l evels. Efdfewrne vientsd grad teq,aierstcasrhvwarmptdiudam efel

the Behavior( €hwangtei omMheele,l f ood ewhviilrepnaslgshadi ngc op a8
di gital support tools that include explicitly des
caereation meéhibadeontgagg eerseaniisd e mpower ment |, i mprove
interventions over time. From this perspective, t|

and evaluation of targeted, tailored intervention

l16Empower ment, f ood nltietrereardeggadainadn d i

To promotebkbkhawh eggcoompor gantbeyond tradition
on knowl edage tthriasn pfears.pecti ve, ¢ onc epatvse oafs sfuomoedd lai
olmodern health pRoobtliiotne rsatchyaetiese itdeesf fi nkerdo valse d g e,

-

needed to pl an, s e [feocotd, ipnr egp ac @n samido ucso nmaumree r an.
sustai nabl[5%540At) echtei weasne t i me, empower ment refers
acquire greater control over theirefofwnc adceci saiuotnosn
active partici pat[850mo adn Icihtaenrgaec yp radncldeesmsmepsio evimte e at vy
f or mer ppraocwilbdcdail t i es andwhdrliet itchael Itahtitnekri ngl,l ows t
sustained behaviors over ti me.

Fostering food |Iiteracy and empower ment on a |
compl ex contexts I|ike universitopsmednopgecrehaniytia

their widespread reach across a broad popul ati on

mHeal t h apps, are enjoying growing success. Howeyv
l evel s efntemyagemi me and | ack per s[Bohlan irzead p ®omms & ntd
critical issues, involving end user<r riermtti lben iamtpe ro

proven to be the Mgstl mpvolmvisn g gt lae ptraragent popul at i

addressing needs and preferencel38]. iImpregviang ngcdc ep
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empoweild merdti gi t al tool s wiappeaarmparttoi chepad oplyomippir

effective iumtrsvirdveetnttiinognss i n

Despite growing interest i n sheraelntahiyn ainnd tshues tcauil
Evi denckooandvaistt € gqiusanttyi ffiicaltliyonl i mi t®eac drod,e xpegpin

relevance of young adulthood as a csbDEeteicooalogliicfad ¢

behavior changeafygtawdevotr k& ffThod dpr @dctgidad. i nt er ve
popul ation often | ack groundi ng, apnedr stomeail ri zeaft fi @nt
rarely (or never) been evaluated in real cont ext

This doctoral thesis aims to addr eSstsu dtyh els ee xgaanpi

how rmuwlnpionent nudging strategies influence food c
2 develops and validatiss olrLId@t asenoVYeolr obihpet é ve
settings. Study 3 uses participatory and mul tidi
behavha@amge techniqgues into a tailoredidegesal thoa
randomi zed controlled trial, combining dietary as
pr ovwimredmepi ri cal and met hodol ogi cal coBpecbbitcossr it
promote healthier, more sustainable and | ess wast
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Food systems represent one of the most power fu

environment aHowestemnyenbddtiteghar yarpeatsttarlns aad &r em
i nfl ueamceammlyex combination of indi vi dhaelrefooei al
compl ex ,| amniscampsei ti es represent an exciting oppo
habist heyaenabl e the integration of oefdurcuwttriiotniadn is
ecosystem. l ndeed, given the complexity of eatin
approaches to addiriensgs hiasbsiutess arned aftoeodd twa setae i n cor

Based on these considerations, the aim of thi s
i nnovative and integrated approaches anod phaashoiotgse h
uni versity student s, combining environme+dwtoal d t e
uni versi Ty addtesssthis objective, the thesis is

The finMenmtédFtobedéwriing healthyelaadedubemawvniabd € &1
tudent s:hasmedudaqitreg v e ndt)i mwme ssttiugdayt eisn tlhtealryol e of
designing and i-en@mpomeeant ngu g imud tiint ervention wi't
to evaluate whether modifications in the bdhoifoe da
choices and reduwerpldasetwasge in a real

Basemd the need for accurate and scdleanklFe | o€t cio
A R&all d Dataset for Visual Esbhmemsi bo dBvEboOog ha
i nnovative computer vision system for the automat |
dining settings. This approach seeks to over come
ad reproduci bl ef drait ae d rov e retviad usat i ng

The thi(endt iftkduiadgyl at e : a mHealth application dev
support healthy and sustainabbfodusetarpynbéhavidews
di gital edudattipdrrddegsit eamtdon approach involving un
evaltulad eu saanldi laictcy® flat aulusieelritl teyd e sii rgtneerdv ent i on t hat i nt
change techniqgues and promotes food Iliteracy, emp
needs and daily routines.

The fou(Rrhomdtuidiyg heal thy and sustainabl e diet:
heal th application: Oee vrad rudad mreisz e dh ec cenftfreddlnli epde atersisaalj
through a randomfpiRECAJacomd siond eidt & rii.apRrcit mamy do ettt ac
be the change in dietgaemyrfail beéereail ntha lkaen dans inagt @ont oheeyr i
secondarywbblut cobme®t her anduhterrieennBtlesa nie&netaahkeeh, Dtiheet i nde
Mediterranean Diet score
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Taken together, t hese studi es contri bdtael o

intervention model that integrates environment al
and behavioral science.esByamddfrecd i wgs the twhoartidido d y
experimentation with technological i nnovabasad t

solutions to support healthier and more sustainab

28



Chapti8el 8cted

29



Study 1

Fostering healthyrahat sdsbahaabde
uni versity st thdesretds:i na emweqitngn

Bi aseailr iBCal |aenyiagrnooF Ma n entzii mCr desti ihaan 8 @ é'mz ®Rd sitc eA

Scaz ziamalels ¢ a

'Human Nutrition Unit, Department of Food and Dr uc(

This study is currently in preparation for submis
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Abstract

BackgroundTlhéejmedi viecsati on of the choice architec
options has been proven effective in encouraging
studi es tend-ctoompfoonceinst admtseirvgelng o mes andhéeseol ated t
promote the consumption of healthy and sustainabl
applying multiple nudging technigues and evaluat:.
Met hddhse: experi ment has been developed in a cant
coll aboration of the catering -MagympZaOnzy4., Afdgeird ctohge

behaviorally oriented nudgesh,eailnchlyu cdainrdg stulse au snea bd
educational tools changing the canteen environmen
phase ( OcMarbeehr 202%, t1). Sales data wereossltlieme ¢
and afteaearmp @Phfachd y wWpor2isl, t2). I n parallel, a direct
pl ate waste in a subgroup of 51 days during the w
ResuAnt si:ncreasing trend of daily per -lcaagpdd adisseH ees
l ogo was observed from tO0 to tpd0. WlREDa®W&T7 ,t 2espbey

For pbatsedndi shes, the same pattern characterized

declined -app=0h61Ddl Bd6wer slightly increasing dur.i
based dishes emerged as0.mb3 k) sewietch emdo apandl Itdlani
suggesting a positive effect of the intervention
sources, egg/ dairy protein category betatders cme rcfed
chosen, with a median selection by offer coeffici
capita (g), pl ate waste referred to total di shes

during t hep=i0nthed @y 6 O p= 0o. aONOES , respectivel y).

Concl uBieonstudy findings show a partial efficacy
decreasing plate waste, without however significal
Results highlight thavcompleRitlhk 0§ ponsemeil pemo
environment increasing efforts should be made to
to accomplish the health and environment al sust ai
KeywoNddgi ng; University Cant een; Food environme

i nterventi on
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3.

c
b

a

w DT -

1nxroducti on

I n the | ast decades, food systems have been re
hall enging current gl obal i ssues, among which cl
urdencommaohcabl e di ugaxrens (dNEDRx) y[ platt@&rns ar e
nd environment al i ssues. I't is estimated that poc
epresenting 74% of all gl obal deat hssuwcraalsend Myt il
ealth systems. From an environmental point of vi
0O to 35 % of humanods greenholused gagsteamemij 3ki oh
nt ernatiaanalnsoregrprhiazsi zed the urgency of promot.i
utritionally balanced, economically accessible ;

uman-beehb while maintaining].a | ow environment al

Al ongside the quality of diet, food waste repres

c
b
c

c

onfronting with. According to the | atest Food W:
illion tons were wagted 18%20R22focodoragasapbadi e a
onsidering both food waste and | oss along with a

onsumed. This inefficildec ywlrodbsadl tgy eiem haopsreo xeimmats

Promoting responsible consumption is therefore cr

Al t hough approximately 60% of waste occurs at th

n

S

a

early 30% of the total (UNEP, 2024) . Consideri ng
erved annually in sahtekss, haspdi uali sercompasy]| 6]
cruci al setting for promoting healthy and susta

meal s c¢ onRostuameal a@orud provided by thits nesctacre, hehern é

b

- T 9 O

- T O

o

y menus availability [9;10].
Due to the cruci al rol e of food service, Ssci el
nvironments as an opportunity for i nt e rcvoerrmrtcii ovre.

nterventions, def i med oasi nifudugeinncge [tlhle] ,a rwhhiicthe caiu
edefine -mahkei dg ceémviomonment to guide behaviors to

y preserving individual freedom of choice.

n recent year s, an increasing number of studi es
ol l ective catering services, i mpd lawemmedit fuink wteir e
ffecting visibility of certain food options, i mp
| ebratsed di shes [12]. Similarlenvitrhees mssted ol abialbietl ys
ested proving to be effective in femaiwer bhtdt ¢ oo el
nvironment s, including restaur ant s and retail S
ositivelypynismimeuerdt®i ces and perceptions [ 14; 15]
n additi on, the resize and modification of t he
onsumption and food waste [ 16; 17]
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Despite these promising result sNumeirtoeursa tsutrued i hei
mi | d oelri vsehdoretf f ect s, with |ittle evidence that bel
Further nmroervei,e weederl i t er at ur e of tceonmproenpeonrtt si nstteurdvi eenst
to focus on isolated outcomes, such as food choi ¢
simultaneously [ 2@0ppr2ddch Tlhiimi tf g aag mecmerdehensi ve |
Further mor e, evidence from real uni versity contex
still i mited.

Therefore, this study aims to promote the cons:s
pl ate waste in a university c-aompenenh Nadghagni h

evaluating its effeand déitengitssriemphbament ati on

3. Me2 hods

3.R2Stludy design

The interventi omostt ugdtyudy pde idgrma ipmel ement ed i
in Parma (Northern Iltaly). Canteen selection was
students and | ogi stoiucdalt hfeeag iulliyl, i tby sfi @rescdarmreyicmog I
The study took place from March 2DR2#8etveMayorRO0ORB:

May 2024, t0), an intervention phasd dudignggwhiech
were simultaneouaMay 2R2PRI5i, e d W)pQ cptd rAB0ensf fr eilagw 2028 g e
t2). Sales data were collected through a dedicate
to measwaet ladcdross time. A flow chart reporting
1.

| Intervention (t1) | ‘ Follow-up (t2) ‘
=) T i 'é
¢ M, =

Parma
University —_——
canteen April May October March April May
2024 2024 2024 2025 2025 2025
Eﬁ Sales Data Food Waste mm Application of
Collection Data Collection Nudging Tools
Figure 1. A scheme of study design with data collection acti

3.1C@dnRextual setting

Canteen food offer, whi ch was not modi fied dur
of first courses (i.e., dishes composed mainly of
options of second ncloyurcsoensp o(headeeaf fdoreahteesi mmac h as me
product s, |l egumes). Among both first and second ¢

pl ain pastal/rice or pastal/rice wdedrhertalmayt oo fsfaeurcesd
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with vegetabl es, potatoes, or | egumes, main cour
composed of yogurt, chocol ate pudding, or cakes.

one or more extriashfeisr swe raen dp/roerp asreecdo nbdy dt he cant ee|

served the day before, contributing to expanding
Three price promotions, specifically addressec
combinations: 4.5 euros (a simple first or second

process of preparatidonwi ahsitthe diasherandchbuded on
(egg/ stuffed pasta or a first course including me

a complete menu composed bye adisshmpleaend ifrrsui ta)n;d 6 ee

where the first or the second course is simple).
beverages (except for water which is freecarteaedmr
attendees. Price promotion alternatives were preyv

concession for catering serviRoemmsgat thgiomivé&hesi:
drafted by the fRegitchreal RiAuhtthotrd thKi gher Educati on
mul tidisciplinary team including nutritionists,

Universities, to incentivize healthy meal selecti
3.118t8rvention
Mul ti ple nudging techniqgues were applied to tI

t hese, a | oglee,vegropwidouws ltyh cPaar ma uni versity stude:

and sustainabl e disheas meintulsi mt ot he dliicatt eo fr etcloeanme & n

was applied according to the guidelines for pro
universities establi shEATABLE ngr ¢ jhec B ud @éPde aanBsLiil g-riEe
to main course salads, fruit, and first and secor
meal . Specifically, all dishes mharslead owi,tclarltotadgssl,i od

poultry, egghDi ames fwehe délsbaesefli ed ehel Usisvteloy t h
by the cook. Pr epar ameircen naond coomnocskidneg emdet hfchdss ¢ hc
cost r ai ntthse catdird nrgo ts eprmdveiededza i | ed i nfporomatdiuore s
and the preparation methods varied over days and

i nconsistencies and reduceRort hteha ell datatbarl i tiyptuoh ad h

| ogoist ems wi th the highest environment al i mpact (
Peterson et al dat aset [ 24] , which collects GHG
| ognoesr e not applied to dishes containing beef, | al
those where cheese was paired with meat. Al though

been | abell ed wmbhelt yedleocgdedi nhowas$ oulmair k them t o
food choices. eSsont airhiyneg snposhte & tleetdh W ogo as it W €
appropriate for occasional consumption and not as

was taken regarding pizza, due to the relatively
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Further mor e, the dishes |listed in the menus w
options within first and second course categori es.

reporting informatioown tor pswpeedtyi crosmpaolsecuta: hheal t |

nspired by the Healthy Eating Plate devellopddeby

standard portions of specific food groups (e. g.
frequencies based on Mediterranean food pyramid (
fats consumptionat(er )f,odthmr icmtr baosns anidatwed wi th dif
household food waste (vi); keeping hydrated duri n
seasonality of fruit and vegetables (ix).

Behind the serving counter, there were instruc
colors indicating different me a | components with
footprints were st urcsk itno tthheei rf Inoeoarl tcoo ngpuoi sdiet idoinn,e v
path to reach the water dispenser. On the table
foster a proper condi ment choice tamdardduditsceuread
plastic cups if a personal water bottle is avail
decided and i mplemented by the Human Nutrition Ul
cateringomerexampl es of nudging tools applied to

mm | = : )

HEALTHY o 20 i n-a,

5
'\
L

SUsramper®

Figure 2. A selection of nudging tools applied durblng diheha |
some educational posters designed to increase knbwuédfeodban

diet sustainability; adhesive footprints on the floor guidin

3.1Da2at4d4 collection

I n accordance with the cooperation of the cate
two cash registers available in the canteen was i
and dish typology, alidyhoat tclaea stiinlgl exTlRearséfver e, o]
the canteen during lunch were recorded at baselin
1, from October 2024 -utpo (Mairnmeh 22 0 2f8rPo2nd pAnpdrD &l b &t o aMa
automatically by the implemented cash register, w
i nformation automatically collected by the def aul

on foocedschoaicluded only days in which the number o
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was simultaneously equal to or above the third st
tot al daily number of canteen users across the wh
canteen wusers.

Through the electronic system only the total

]

eventing the possibility to collect disaggregat

]

operly interpret hdodoauhsciecdetawfeehi thtosandadvi $s dc d
among different categories of second course
efficients were calcul at ed. Among t hweeseen tthhee dias

mber of selected first or second dishes with | o

>S5 S5 O @9 T ©

q
o O O 9 © © O O

mber of selected first or second di shes, respec
ti o tbree¢ weainly number of offered first or secong
urce) and the total daily number of first or se
ird coefficient isetwhen thecaeskhtetdians ahd ohafenp
an 1 suggesting a positive effect of nudging ir
modi fied choice architecture. On tmhetcormtirfdar yp,ura h
desired direction. Extra second dishes offered a
calcul ation of such coefficients. Il ndeed, al thou
informati oneabeutwasngvadl abl e, preventing them fr
from being categorized according to their main pr

Due to feasibility reasons, plate waste data c
the study period. An aggregate selective plate wa
the all/l t he <cant eaecnh ucsoewrrss editsytpionlgougys hda mdj eeach s e
di fferent bins. The weight of the collected food

El ectronic kitchen scale KS1050). Thye waesr cceonntpaugtee
of the total food wast e, while food waste of s ec
second courses.

Pl ate waste as tot al and by course typology a
number of canteen users to estimate daily food wa
the analysis on pl aday wacft edatas ocelt| ¢ ot iexrc | iurd ewh i
were below the third standard deviation of the me:
users across the entire study peariyodlaylsn wad ci taitod

of the first course and one dish of the second co

3.1SRabistical anal ysi s

Data are mecisemtierdt earsqu ar tniolrenarl adpd ab ald esd rdrbuntd

Kol mo g®miorvhnov test. Di fferences in selection of |
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typol ogy reported as numbemre oif n wWla ssthiega tpeedt r lacyagt g mtk

KrusWalll i s pealtuenm tthor pairwise comparisons adapt
mul tiple tests. The same test was applied to c¢comg
time in reference to first and déesbprpd dishéesgwisth
source. The same test was used also to compare fo
across time both in terms of percentage and as a

performed using SPSS 30.0 softwpase0.(®B®SS Inc.), Kk
3. Re3ul ts

31. Stludy sampl e

The average number of daily total users was 47
days = 166), therefore only days (n = 159) with a
were considered elsitganbdar,d adse vaibeotvieont hoef tthhe dmean <«
daily number of canteen users across the whole st
excluded as the share of wusers trax kwals blyeltdwe 2 5mf
average number of tot al canteen users, resulting
used for plate waste analysis was restricted to 5
absencei owrfs owith [ ogo among the first cour ses. T
(excluding beverages) sold at the canteen on whi c

reported in Table 1.

Table 1. Average number of wusers and food products considere
Baseline (t0) Intervention (t1, Follow-up (t2) Total
Sales data (n=16) (n=106) (n=27) (n=149)
Users/day (n) 289 + 82 422 +129 419 + 39 407 £120
Sold products/day (n) 746 + 240 1120 + 357 983 £ 257 1055 + 349
Plate waste data (n=9) (n=30) (n=11) (n=50)
Users/day (n) 392 £ 58 460+ 173 557 £ 95 472 + 152

Sold products/day (n) 725 + 343 1022 + 380 1081 + 103 989 + 350

31. 3 .mpact of multiple nudging strategies on food

By comparing userso6 dish selection in terms o0
time (Table 1), the number of total dishes and di
significaneientferrovne nith éoenp vt eon p=Bcen6 7g8h hasred { , respectiyv
contrary, significant reductions wer-apobwettedhaeamo

n. of total selected dishes and di szh.e&8 Wi)t ht d 03.05"

2.216p<) 0. 001) and firém)1lt4e3 1(.IBR)L0RO32A)..15By focu:
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course typology, first dishes foll pwe0. 08&) samet |
intervention period, as0.tthEy(-RZEEY ne@ themi mt enrevde
median of @D.&D)(liRuphe®d ot Hdwcdntrrsar yd,i shes with |
across time, without showimpg 6t adRsti tal pbaral gel f
courses and side di sh=esO.remaiaaredd @l moBt 1S5 abt es|fe
second dishes with |l ogo tended to increase i-n the
intervention perio@. §newd .anme dDi-@Br84H6& A0R20 07 )12R: FOui3
decrease across time and reachiepd (anedi gni F0i0c3aBHt, d
compared to the basel.i g2, . me@i)danand . t38,t HR:i Mt Srdv e
|l R: -00..82, 0. 001) .
Tabl e 2. Daily number of dishes per capita sel ect ed datf otlh e w
up .
Di shes (n/ c Baseline Interven Foldupw(tpvalul

(N=16) (N=106) (N=27)
Total dishet2.63-2(.22322.65-2(2~R72.55-2(.28.1< 0. |
Di shes with 1.42-1(.18621. 43-1(.16.41.30-1(.1390. 02
First dishe: 0.69-0.0~3t0. 73-0.0~60.67-0.0,.0O< 0. I
First dishe:0.06-0.®8(0.07-0.®250.21-0(.R.50.54:
Second dish 0.69-0(.07.2¢0. 69 -0(.0/.30. 68 -0(.0/.30. 50
Second dish 0. 33-0.04620.38-0(.6B00.29-0.0200.02
Side dishes 0.61-0(.06.550.63-0.00.10.63-0(.06.60. 15"
Fruit 0.38-0(.043:0.36-0(.B90.26-0(.0B.3< 0.
Not e: data are reported as median (1 Q). Values r eWealrlried nont
parametric test for individual samples. P values ftoirplpeait evsg tss
Di fferent |l etters indicate statistically significant differe

First and second di shes sales data were furthe
options with | ogo out of total selected and offer
across time werdidaescwetdhf bogobhéPhnest A), confir
1. Contrarily to this category, second dishes wit
B, blue boxplot) above O0.50 odt Ot. 6e-0t(HVrR9d e DtniSMen ep a in
peri od, meaning that, in median, more than halff G
This finding is particularly meaningful bbxpbeejv
according to which the median number of second d
constantly | ower, +arb@ingnftierrev dnrt4€i3o ( | RR0Ds5D It oi nO . t!
fol-Upw therefopesistuigye se¢fingcta of the applied nudg
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confirmed. The selection by offer coefficient ref
is significantlwpredmpadedntohéehtol howr velntg@son pe
medi an: 1:1332,I0R:0110.,20 espectivel y).

A First dishes with logo . B Second dishes with logo

p=0.010
2,00 200}

150 W selection coeff 150
W offer coeff
o B selectionoffer coeff
1,00 100 _—
g _Eg _B Ho! B
| | ° =
Q D 6 T ¢ :
1 . B L]
0 4] t2 8] 12

0
FiguBexpBlots reporting selection coefficients (i.e.j.mr.,seale

of fered dishes with logo/n. total of fered dishesgr eamae tthoe frie
(Panel A) and second courses (Panel B) for basel-Walel iphhasen (
parametric test for individual samples. P valcteisor ofrorpamulwtiisp
Different |l etters indicate statistically significant differe

By focusing oradcdiefdf esreecrotn dp rdatseni ncat egori es ( Fi
sales data were oprs®rVOd)f amdyupirbeCoseid $ywreadi f(i c al
meat second dishes offered at the canteen were co
bear the | ogo, and their s e |-ienctt & rome nctoieofnf i tca ewhh e ii
(medi an: 0-0285 WVR: ned® aOn :4p20 . B403 U, R:r e0s.p2e9ct i vely
coefficient remai ned -G.t2d | ws .( meedd idnnpZQ0L 11070 O)IRR : SG0N
to what observed for all the second dishes with |
di screpancy found during the intervention, as ref
medi an9 ofl R2.043)7.8 An opposite scenari o character.
coefficient constantly overcame the selg¢otieonmentde:
period compared p=0o 0t.hOe0 4b)a,s ewiitnhe vpahlausees ,( however b6 &
0.0105 vs. medi-a.n02,0.r0e0spddt:i Wel0YW) . Such increase
selection by offer coefficient byleompRrvs@s méei a
|l R: -00..30€0, 0. 005), proving the intervention did not

The canteen offer of most of the remaining pro
medi an offer coefficients s-howedvemntgindod i pamitodnco
intervention phasepectuic\nelay -@.ok7 ,rveddR neGalpe,( 01eMB:4 40 .,
fish (respect iOv.ell79 .vis4d 17D RIpRO 0ODHDB) baaewed plranein
(| eguarseed di shed:. 10/. &, HR:DF, .00 B0O040-bad¢gd/ dashgs: |
0O.0D717 vs. 00..1@%, Q.RQ1%0).,24and in a few cases al so
( eggtbdassierdy di shesQ. 10701vis4., | -BRIPpB O D1 O 3bda;s efdi sdhi s hes: (
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0.D717 vs. @.. pt#, O0.Rx370..24A parall el ri se in the s
l eading to a reduction, although not significant,
second dishes with wvegetari an opbrsoetreviend,s owiirtche ss e lae
coefficients being higbaeseadacdobsbBes ptmmpdhbanegygmnioe tt
referred to |l egumes (median number < 1). Mor eover
me at di shes selection by offer coefficients, wi th
i ntervent iton tcheempbaarseed i ne phase ( r3eslp2e cvtsi.v erheyd inaend:i
1.275%%0.635) . By focusing on the subcategories of
detected for fish, although a decreasing trend in
observed (tO0O3. 012;94t,1:11R..6461;,9 TI2R: -111. 4£210,. 514K:) .1 .13 par
egg/ dairy dishes with |l ogo the medi amp oddraparcedfif
intervention periodO(ndspasct iDv.dpry) . DBDBF O . 18R mMi 0 .axTy

category.
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A Eggldairy dishes B

- Egg/dairy dishes with logo
400 p=0.034 400 gg/dairy g
p=0.015
* p=0.009
300 3,00
8 8
o o
200 2,00
100 . 100
b b a a, b b e a
00 00
t0(n=15) t1(n=101) 12(n=27) t0 (n=14) t1 (n=94) t2 (n=26)
C Fish dishes D Fish dishes with logo
4,00 5=0.003 4,00
300 p=0.037 300
o ©
2,00 8 2,00 o
= =
b b a
BE_ = i B _ - -
00 00
0 (n=7) t1(n=31) 12(n=8) t0(n=7) t1(n=31) 12(n=8)
E White meat dishes F Red meat dishes
500 500 p=0.044
400 ° 400 §
o
p=0.031 o
3,00 3,00
200 2,00
a
1,00 1,00
b a,b R i b a, b é a
ii —_ =-= -t +-'-— = I
0 o 2 00 < ©
10(n=9) t1(n=67) 12(n=13) 0 (n=12) 1(n=75) t2(n=20)
G Legume dishes H Processed meat dishes
250 p=0.004 2,50 p=0.004
p=0.005
© *
2,00 . 2,00 *
H
150 1,50 i *
¥
1,00 1,00 f *
a,b *
* a,b
- b b . 50 % i X . 5
a *
. ’ b P § o A |
— == 2 b ; —— a —-
00 = ; . 00 — i - i =
t0(n=11) t1(n=96) t2 (n=21) t0 (n=16) t1 (n=106) t2 (n=27)
[ selection coeff. Woffer coeff.  [Selection/offer coeff.
Figurepldot Boxeporting selection coefficients (i.e., n. selec
of fer coefficients (i.e., n. offered second dbetheeserbys e@lred teii:
of fer coefficients calculated for baseline phase (yOyefient én
di shes with I ogo and their selection afnedr eodf)f esre ccoonedf fdicsi heenst sw
egg/ dairy and fish category out of thavatidti-mameomepbfi esetesteflo
sampl es. P values for pairwise conmparoins ofnosr amuel taidpal pet etde shtass. e
statistically significant different |l ongitudinal values.
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31.3mpact of multiple nudging strategies on food

I n terms of composition of food waste (Table 3
over time from baseline reac-bpnf@raspeghi ¥6e6k g/n & rse.
48.0, -bBR: 145p2= 0ODadth9)nol stavpbhnstical di fferences
However, a decreasing trend across time for the s
and fruit tended to increase. As ,miwh ipcaht tteernnd ecda nt ob
follow up after a tendency of reduction in the in

The significant | ower median amount of per <cap
| R: -202Zr..®) compared to t he -20b8.58I10i.n0e4 Op)e ra popde a(r2e3d. 7t,o0 |
| ower median waste of dishesds 1lwiot lvsl odleB.. [, eld.Rexalilv
whi ch were wasted at a | ower extent also at the f
I R:-172.9 vs. UB8.pF, 0l.R:32)1. By considering dish cour
and side dishes decreased over time,Ow0dd) twkehatv
the-iptervention (fMedi)anand5.i9ntleRvebBt Hor) ( pedi amrd:
compared.

Table 3. Share of food waste and waste per capitaimy edivemtti g

period, and follow up.
Baseline lnterventFolduew(t pvalul
(N=9) (N=30) (N=11)
Food waste
Di shes wii1i59. 9 -6(66)8 51. 0 -5(8435824 8. 0 -5(4451. 0. 0 4 !
First di sl24.2-2(7L7728.5-3022.29.1-3326L.0. 07!
Second di 28.2-3(32B24. 4-3(1210.24.5-3(1211.0. 98
Side dishe27.8-3(32B24.0-2(81L8.24.5-2(6L9B.0. 38"
Main cour 0.9 -5.0L)2 0. 4 -2(.12)1 0. 8 -1(.™M.)3 0. 93:
Fruit 6. 4-1(24 .00 6. 7 -1(04..36p 7. 5-9(.%4.)5 0. 93!
Waste per ¢
Tot al wast23.7-2(8221820. 3 -2(21L°5.19. 6 -2(41372°0. 04!
Di shes wit14.9-1(8127710. 0-1189)¥10. 311?9)X0. 00"
First di sI5.5-7(.3%.)8 5. 2 -7(.41.)1 5. 5-7(.51.)3 0. 61"
Second di ¢6.1-8.32.)9 4.6 -6(.33.)8 4. 9-6(.3.)9 0. 39
Side dish(5.9-7(.8.)0 4. 5-5(.8.)6 4. 8-5(.3.%5 0. 01
Main cour 0. 2-1(.2.)0 0. 2-0(.4.)1 0. 2 -0(.04)1 O. 77.
Fruit 1.7-2(.0.)8 1. 2 -1(.09.)8 1. 4 -2(.10.)0 0. 68:
Note: data are reported as median (1 Q). Values reWalrlried nont
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parametric test for individual samples. P values foplpatewis

Different |l etters indicate statistically significant differe
The composition of food waste (%) specifically
over time (Table 4). However, overall, opposite t

based second di shedadgeddssacdmd | dbiwehres atneambdd t o i
of food waste per capita shbase@edassecgndfidcahesr ¢
phase compared to the baselli.meg (vrseslpRectidagt 0yl0oBSd i.

Table 4. Share of food waste and waste per capita Ilbiyne exhhasde
intervention period, and follow up.

Second dishBaseline lnterventFoldupw(t pvalul
Legumes (n=28) (n=7) (n=8)

Food wast19.9-30L338.5-203.52 11.02770)Y0.102

Waste per 1.4-1(.6.)8 0.5-0(.0M.)2 0.5-1(.®.%3 0.011

Eggs or dai (n=9) (n=30) (n=11)

Food wast (6. 4-1(03.9) 5. 0-6(.38.)6 3. 0-7(.11.)5 0. 298

Waste per 1.3-2(.06.)7 0. 9-1(.®%.)6 0. 7-1(.®.)3 0. 217

Fi sh (n=4) (n=15) (n=6)

Food wast 30. 6-3(628 35. 7 -4(926.41.7-521L8.0.790

Waste per 1.8-3(1.)1 1.9-2(.10.)5 1.9-2(.17)1 0. 98414
White meat (n=5) (n=21) (n=8)

Food wast24.93980 27.3-421L64.31.8-3(4119.0. 727

Waste per 1.1-2(.07.)6 1. 2-2(.0.)7 1. 7-2(.00.)6 0. 944

Red meat (n=6) (n=24) (n=7)

Food wast 23.8-3411822. 7-3(3L24.27. 0-3(9L52.0. 832

Waste per 1.5-2(.0L.)9 0.6-1(.28.)0 1. 2 -2(.56.)8 0.390
Processed n(n=4) (n=24) (n=10)

Food wast(10.32804 2.0-9.0.)2 3.5-1(92.32 0. 658

Waste per 0.4-0(.0)0 0.2-0(.03.)0 0. 2-0(.08.)1 0.6638
Note: data are reported as median (1 Q); numbers ( rd)epweintdhiom b
the canteen f-Waldl igfafrmreasme tkrriucs kkeelst f or individual acaaptled.b®@se
on Bonferroni correction for multiple tests. Di fefserent | ette

3.4Dij scussion

This study analyzed the effect of applying mul
and sust arienlasdbtleed floeoldavi ors i n a university cant ee
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i mpl ement ed twornmoddicfayntae emmeadlood environment, wi t h
Results of this study highlight how, in | ine wit
significant increageand shetaehablteodi shebeatohfi
to generate moderate and sometimes inconsistent e
contrary, the significant reductimnphaseliag ec wasil
previous evidence, showing that changes in the fo
behaviorsFiha0ng2tleferred to magtesugaseseé Iadkdthwiogr
designedt hpppupr atiieesi onanaymdmddtu,e nmemesnutbs,eqwleaen du
consumption of their mealakien tthhee dduprdirhtegr nhiradyfl I,teastt u
messageamorceomds cishhudlity t heir behavior in the virtuo]
generation

A further interpretative el ement i s wghevreen a yhitcg
numbesrt udferetspeci akkpedéfroerea btnheen ,f i r st ti me the respo
meals on a | imited budget. The wuniversity canteen
opportunity to eat a nutritious meas$gseantecead petpan dvar
di shes (e.g. fish ambdrmeatctreccehd Eciosir eeshomitc adi
affected the efficiency of nudging strategies on
overtake decisions based on healthiness and susta
as det®offriondancthoi ces among university students [ 2¢

Mor eover, in |line with available evidence [ 18;
up phase, when nudges were removed, suggests that
be fundament al to maintain behavior changes duri
cont extasatludzye ddesi gn did not all ow f.®hrertehfeo rter,acikti
possible to define if the whole same sample -of sul
up phase. A possible turnover of t hceo vsetruedde nixyd st hpe
per)i odlay have influenced observed trend, | imiting
changes at individual l evel . I n this regard, the
individual | evedl ogeipcraels elnitnsi taatmeotnhh.odSpeci fically,
the disaggregation of data to individual menus, p

by each user. Additionally, hberabsenak afhddenar b

with each meal I imits the possibility of fully ass:s
i mprovements in overall dietary quality.
A key I imitation of this study is the absence of

considered as atpet anttihalr i em@amheamat ot hvea si mtoetr wreenctei
I n addition, the tawmdsopersatdidrdalr ¢dmarsactuertiugtailcs
haa@mite ,kKiittchreenti eaciohi ti esabsothespaemaonkaesdioned,:
populiant itoenr ms arfdi seil gdesy doffl o w
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Among the strengths of this study, it wswtoahds o
environment, thus increasing the transferability
considers both foodiehoifcded i agd aplgatpe i wadtid eratu

considered independently [20; 30].

3.5Concl usi ons

This study contributes to consolidating the eV
public settings, demonstrating how these stratec
di spl agdek,ssbwtf fective in bringing the same signif

Uni versity canteens can be considered as strategi

behavior s, however, to obtain more marked and | ac
strategies with bedadet emawndantmoaores stthhaitcttuake i nto
cultural determinants of food choices.

Future interventions should combine food envi
participatory and digital approaches. Given the

i ntegrated and multi di mendivaeen aan da paplrlooaw htelse na rteo ne
di fferent |l evels [31].
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Abstract

BackgroundTlhed|jaadauimatsed f catli wasbé& in collepgnteéyventcsa
a cruciafochmbsesgrRim@abil ity andAlotpeowadh ooa@amp wtpe n
systems for food recognition hav-eomhee@emptwi adrel §n a&lx)
received | ess at twwortlidons, e tetsipregesi.al T HfiLd @s tf Uedayb da iLmed t
I n Cana ereenve )dat aset designed to support the visua
met hodol ogy for mass estimation from i mages.

Met h Daltsa were coadampoesedanneeheat the University of
paired acquisitions @€hchubbainplR&EB | gefghioVelv el t samant
segmentation masks and pAystaaldlay dmeradumaedui iodi
consi stent i nagiiamsg h@adnedietsipd mpe.l iknaes exda so d etvhed ocpcendc e |
densitypi xell aagrienag t o food mass. Thfeo gd pseel g mmeen ti anttieog:
across multiple deep |l earning models) and assistec
performance and the retasiandhimpsbetweeeneviastuatlk et

accuracy and correlation anal yses.

Res uTllhtes :dat as ento vqeal alyii mMatsi an of praeilriedocl vel bmeaeskése d at a
worl d c dsredgimeindrag.i esu hahd églhnsmicevelacgf | ntenfde@d)i on
f ofrul | tYRWed( 8R2duced &% drognde rd ek fttoo vienrc rteraasyes
compl Aki hgar rel ati bes$ wepnwas xebsdrkbdnedceaasdepw
t teypol ogy of espbeccalbltgefordivd.fBeisap it gg phpereodar cohg, e nbeaosue
the concept of vriesausad n adbel nes i nhays, s rad shtfoilneagltnicerd, bwi ttt e
and compos iMoiren acft afs@dlde vpeal osid 0 o-edi m@mm benefi ts, r

rel evant for second courses than for first cour se

Concl ursLilo@pr easemetws r eal i sti c benlcéaimao kenf piuddd th e s i |
addressing key |imiTlhe iodingi todl edleemdintsy rfdrhde@es wdrek f
mass estimation from i mages, dheirghvieidg hftrionng faota dt hhee t
posbnsumption variabilityonf imboadmriéen g taipgipmetsa gsihatui | odn

vol unmenfrarcmadudtoommatnedd f obd thmpeeveieati mati on accu

+AUx TROAOH, waste, Food Leftovers, Computer Vvision,
Public dataset
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32.1Int roducti on

I n recent year s, the increasing focus on hes
devel opment of numerous systems and applications
food recognition and amalaysi swil[dl,l %] .usTehde sfeo rt ei cdhenn
estimating key properties such as ingredients, pol
di etary tracking to automated meal payment system

Most of these applications r el gr ga, nkatiadstnest sé df a
traihhensge datasets are typically createdonfuvmugd |

anrde s ciumtceensi ve Fpurrotcheesrsmo[rbe,,6]e.xi sting food recogni

for i ndserngduawi th i mage acquisition typicabkysper
capture images of their di shes bef oirnmeageesn stuomppgri @
nutritional information or faxpdrigcdadh presads tsevcekri
including inconsistenciaesubserimabavigaonl i apnd vaei §
i ntervention. tateonngashyicohmeatsyesuch as caf e
set of reqdi npment c@imteir @as .s yBit xeend , where camer as

l ocationdg omalagtsi we teven i ntegrated withSeth@atheck

facilitates aut omated recofpraiseigpn oanhde sgnawlyisd s . s
significant wvariability {(e.gntrcamecaandl iebtatiingi
lighting), fixed seffupsi maontgéeomebngianeénil | umin
accurate aemgt irmgpteiadrmabdfe food quantities. I n this

RGB mage acquisition, as it -erfdpercaderet s ethheersiongs Isieo dsad
depl oyment in collective catering environments.

Beyond food recognition, an i mportdntpl @adal wiarst
skmustatbegi n with the br oadierdriedvesnteitf iadat i[o9n odfe
r plate waste) as anypyeumsoatbesn ppantei one adf tfh@aa d wa

t ultimat eAlyo ywseinus uente aatleen.[ 10] coll ected several

-~ = T o~

od |l eftovers based on t he d&ienerodfs slegfvteav ébruti rutne

mpared to plate washeadiaklde tfiroamatl il yn se n(coupla sa e s

® O

a
0
u
ood | wht onerange from Aprepared but Hetepl weedef i
0
0
nd unrecover albil ke edd¢ bl eeredgi gluaisns or residual s
e

ft overas fsoeurnvdeast iaosnal step for the broader object

i med at identifying and quantifying | epatotvemr s ,c

= )
0]

| ping diners to be more conscimea$t obhsewumer dt amad

~
-

acking food Il eftovers at a bgolhligdhtliivgent c agertirreg
overproduction, andimpacmiziwnghepoebsrbdonment mpacts

growt h, and psaociiectuyl.arThyi sr eilsevant when consi deri ng
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Accortdo ntghe most recent data [11], approxi mately

year. At the European Union (EU) | eveelguaovetro 5290 %n
the EU regiondés total f ood pr osdeurcvtiicoens. sQifc ht haiss ,r €
catering operations. C o nfsoi odde rw ansgt eo nrl eyc otrhdee dl tfaolri acn
was 6% [12]. Givepudiineme emealt ¢ormsemptti om [ 13] an
t he Eur opeamarfkoeotd sbeyr v2i0c3e0 [ 14], the integration o
becomsmgt ai nabl e practice for reducing fooalndvast e
economic impact [11,16].

Despite growing research interestguaheéeriréyisagst
mass in collective dining seintegeasdvé&ambyalct metoho
variability, while mampycamnusd wmat iean sfyesd e mse d @mgriist io

analysis [17].

The main contributions of this work are summari ze
A We introdwoe | RLII@t asertedlor the estainmatbidrerofof ¢
catering environment s, tfreaayt urmapggeesp iaspei exelmant i anan i
physically meag@rsauured tfrowmtdh . ma®lsi s explicitly address
whiamly cover part of the aforementioned attribut
A A reproducible acquisition and annahdtftiamegnot o

geometry is reported, desiagrmadd et @anahglslie oivartoiotda

operational conditions.

A We define a |ightweight and i nt er pornettahbel ec obnacseepl

digital density, together widadit assyestt eantad ri &c teexrp esrti

variability, and intrinsic challenges of the prob
I n Sext2o0h andwe2. Prdv2de a detailed overview o

t haenal ysis of food | eftovers and foodoésbumaproport

FLI C dataset2., 2wk Skaeddroinbe8 t he cdhattaesxat ,f oirn alcwdiii g
settings, our custom acquicgiutiisan i devipae,t otloé , play
semantic infor3na2,i 2mé d amieibrbeo ddobrogy f or mass est.i
concept of digital hoewnaistsy stWe &dlovd desoginbeéi on

f ood/onood s e gamed tgaetmoommat i ¢ f ood cl3afsi2vébceaxioact |l an

of t he dcaalal,e catnedd we prebfeotl segmébhsabhohoaddnmass
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3.2.2 Materi al and met hods

3.2E2i 8ting Datasets Related to Leftover and Mass

We organize existing dattasetts iemxtpd ftovod | garnadduapf sg:e
waste estimation and -t(rut)h dmdsacsmedt amapsreodv,m dvion gu nger) o ua
food items or compl et e cdiosstdebsa.s kAlxtirsd y g hw-og cdhreen ele dl\ae
datasets also prohi di ngtégodi massodahaghlights th
avail abl dareseurscdocusing on | eftovers typically
whidet asets providing mass anonmd@amptoinen samneh g r océas
i mages from the existing dataset ssuimsmaghaawerd iim Hia
including information on det adoWwn3d R2ISEc4 wloinch i s p

Food Waste Dataset (Al Service Center 2024) LeFood-set (Sari et al. 2025)

ECUSTFD (Liang & Li2017) NutritionSk (Thames et al. 2021) Nutrition-Verse-Real (Tai et al. 2023) SimpleFood45 (Vinod et al. 2024)

FigurSeample i mages from existing dat gp eatnsd rmmlsah @ddd tdi mbadt to apshe tl (s |

focusing on |l eftovers typically lack reliable physigal guan
capture-cnpealbmpbsbn scenari os. Spati al annotationseswareokbdown
coding.
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Tabl®cHematic compari son of datasets related to |l eftover esti

including our proposed FLIC dataset (last row). O6C6 identifi
Dat ase Setting/ Scene/ |l Presen Full /Il # Spatia Quantit
(year) i mages.annota annotat
UNI MI B Uni versi Staged Trayss: Both 1080 i Polygo None
2015 canteen presentitem (paire (700 f semant
(Ciocc l ow rec¢ 380 | e segmen
al 20 for | ef mas ks
(C=15)
Ferrei School <«NaturalPlates Both 175 imlnstan None
al (20 (Portugecanteeritem (unpai segmen
Vi ews mas ks
me a |
progr e:s
Food WFood serNaturalPlates Leftov 375 im Automa Pl ate m
Dat a(sAel (Ger manycafeteritem only ingred beforel/
Food present segmen (g); en
Servic mas k s (kcal);
Center (C=41) macronu
2024)
LeFosedl Hospital Control Pl ates Both 524 pa None ( Plate m
(Sari cafetericheckersi nigtter (paire beforel
2025) (Il'ndonesbackagr« (g); 1le
scor e
ECUSTF Controll StructutPlates Full o 2978 i Boundi |Item ma
(Liangindoor sview (si migtl eer boxes vol ume
2017) (China) side) (C=19) item en
(kcal)
Nutrit Googl e Real c¢Plates Full o 5000 i None I ngredi
(Thame cafeterimeals; item 20k wvi masses
al. 20 (USA) over hec 3500 -R macronu
RGH ri i mages di sh en
(kcal)
Nutrit Indoor rVaried Plates Full o 889 im Pixxeleclngredi
verReal scenes (smartpltitem semant masses
(Tai e Vi ewpoi segmen di sh nu
2023) bl ack mas k s
(C=45)
Si mple Controll CheckerSingle Full o 513 im None Il'tem vo
48 Vinoenvironrreferer (mL); i
al 20 pattert mass (g
energy
FLI(Ct hiPublic «¢NaturalTrayss: Both 401 pa Pixelec Pl ate m
wor k) (l'taly) messy item (paire (802 i semant beforel/
canteert segmen
present mas k s
t edpo wn (C=36)

captur e

S e

©

- ® O
> S o 0 9o

2Datadasets for Food Waste and Leftover Esti mati o

2.2NI2MI1IB2015 (Ciocca et al. 2015 [5])
UNI MI B2015 is one of the earliest dad acse@nhteenxyp
tting. It contains images acqui rpldaciend ao nunai vterr.

hot ographed before and aftelrO8donsounapt iioma g elsh e 7da

ays and a subset of 380 hc olrbr ef sopoodn dcil nags sl eesf taonvde rp
ch food regionfoocdheomrtrtaedmgtemayns o0 staged and ¢
pecial liymaged.efltroveddi ti on, some i mages were o0b
t her 1 mages, changing only their oUNIleMItBa20d lo6h [a@]
creased the number of f oo dc ocnadtietg oornise sb uatn do nrleyl aix

d therefore cannot be used for | eftover esti mat
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2. Rer2r. i ra et al . 2025 [ 18]

A more recent dataset focuses on f ood waosnttea idne
5 real i mages and an average bobt . 2 oafdonocadh ditteedmso.
not ati ons ar eprperca\wied esde nidagl ti pkikex etllaNd kMd .B2 0 1 5, t he
gani zed dsfdxleircoptaidrast:ilothnhecont ains a mixture o
al (before,codqwsruimmpg,i oannd -ugpfgtpeorE abhg as twospl at es
aysmakliehd st he dataset usef ul for semanti cofunder
gmenbagsdadnnmet hods, but it is | esssametmeal o pai.t

.2.Ro®d 3Wast e Dataset (Al Service Center, 2024 [

The FoodWaste Dataset released by ptrhoeviAd e sSeirnvaig

pl ates with | eftover fooddatagett heur wenthl y iicmc
15 trains, 160 test) ofetmeiahn gs ,i nalionrsg iWwietvle od at
tritional i -pf ertemastuiremMmeand percorded both before
| ori es, macdr areuti vieealntwsa,st e metrics such as retu

habhb@dadty version [ 25] al so includes ¥@lgEent at i

6] faatdure embeddivngsohoexpgempmeretrsof SEbhme aghomt

notation are shown in fibgwme: ainm tche cfkiemstar ex ar
bel , whereas somecpadi theat sapte mhekedi wkehoa se
ampl e, onlas sihenediictksenowms | abel, whereas four

beldatTahsiess does not provide i mages of tihmagfeul |
stead, the before/after informaComaedwse mptulrye,l yi ti
ited for modeling the r elladafitomv ebrest weeredh ¢ thaen tviitsau

ited for paired vibseufaodr ea naan dy saifst eorf tthhee nseaare. t r a

. 2. 2e ReSckdt ( Sari et al. 2025 [20])

LeFesoed contains 524 image pairs, kbatbrdepandt al
nsumpti on. The dataset spans hdspiovad ¢at Mad raings
ing a Nikon D3200 DSLRomamesianglEachosc@damiptemfowl
l'id and | iquid aroempsoenrewvnd d o0 opliadt eds ,s hvehsi | e | i qui
e presermdtiesdwanr ewlhpiltaceed over a wamwwhint e | calceearkaa r bf
tt@édanh serves as a geometric referencephgsisabl

Ss measurements obtained by weibgHiorge tamd mpmifdtea

ver al ot her works describe datasensal gpesj fbeoal i
our knowledge, the correspdhdbsprgi dat adesdanbdbtsp
roi et al . 2021 [R74d] daveou)t, 3HLDI d magtesaland2022 |

khva and 2T0eZ 5mo[uZzPlou(rl 413 i mages and 5 cl asses),

plcil @aists i nformation) .
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3.2Datd8@8sets Wrwh hGMasisd Annotations

I n additierntoi cefdadtasret s, t her e prsovai dger ogmi onugr
truth quantity informati on yfpotltadidm/gloea imbesms aod GO
volume and fulll nutritiamal hibgrlakxdowhevadmteseodagtu
estimation, even tdheopight tlhefyt wwsaurad.l 'y do not
3.2.RC@STUFD (Liang and Li, 2017 [21])

The ECUST Food Dataset (ECUSTFD) comsi aat | aft ei
For each portion, sever al pairs efhchmpgées aoataar
view and a side view of th® fsaank dloagds e sl haend ad atsc
Ann

vol ume (measudiesiplvdaaenveonitumesi ng the drainage met!l

otations include hkeo unodoidn g thbhoex ensa sasr olumedasur ed w

(computedt firtoimnal tabl es). ECUSTFD prgqualdesy amas
and volume | abels but focuses exclus-i veneyal en ot s
|l eftovers.

3.2.8Rut3r.i2ti on5k (Thames et al., 2021 [22])

Nutritionbkaile datasge of -va@rplrd xd imah end yGoo®IQlO éc t
cafeterias using a custom scannimud trf pWiee v owdiedeeaacsh
over heabd iRM@RBes (when-gaaankblbl @gt eidn gmdacki, e pterma s s
complete nutritionalprionealkdownnd( ccaalrobro heysd r aft a&ts,) .
incrementally: omgratdi @ntismar eamdl diemdages and met a
design stuppionitsgtdfl envelel masorandd smacronutrient es

masks or bounding boxes are provi deidnc raennde ntthael daasts

theoretically allows for the sdarnsetsr,ucbtuito nt hoefs es yrnet

constructions rather than real consumpti on.

3. 2.Mut3r i3t iRemVer(sTe i et al ., 2023 [23])
NutritiRemVerisse a manually collected Hataert ati a

889 images of 251 distinct disheaes aRldomMéd LIhi Que
mul tiple random viewpoi@aveary Fiomgreadcdihe dti swas trmhea ana
and nutritional evaheesfwemepabkaghnaed or from the
peirngredi eawetr evalggwe € gatleadv dlo maédrad mutdriisehnt s and mi c

only information publicly exposed. degmdandtiatiiomn m

for a subset of i mages, comwbhitmi dendet siplagd ama aan/n
Nutritionbk, the i madeaxn defditotvefruwsl.| di shes rather
3.2.2i.8BpldeFoo0od45 (Vinod et al., 2024 [24])

Si mpl eFood45esitd mat pont ibemchmark of 2Wi timaages
smartphone camera. The dataset (corndupend iimtag eas some
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of food types) placed darhaa pmleanwars a@lse cak eprhbyosa rcda |l p e
i mage, the dat a&gavrtiohpurnoev i(dnels) ,grmoausnsd (g), and ener g\
si nighaege voemenegynesti mati on approaches. Si mpl eFo
posedg h&ndise of 3D models for portion est idmwaetsi on,
not cover |l ef-toemrsraysfull mul ti
Konstantakopoul os et al . [ 32] i ntQroedewkec)e d ohedd G Rraogoe
used for both food recogho ttiben mengdt mmfs so-aemsnt & tnaatt & dod
dataset is not pocwbririecntdowmalvoaad.abl e f or

Beyond the datasets described aboveprisneawearlal fv
vol ume estimation rather t han masasn.d Hwewetvheerr,e ftohree
consider them in detail her e.
The identified |Iimitations of exi s$bimgl gacambdi se-t

®Q O MM T 9 T T -+

o w

—

Hldftover obdervwedt iscrenmsantpgigxleiysfi eaamatyi ane,asameé d ma

c

guired in a real opecasi ofat heetmexngsewhi om. i s

.2FR1 € Dataset Acquisition

-

v O

Data collection took place in a cantheemscofent h
ciphmpeso Every year during dhei sgmmalrl|l sesasdn)
vision of l unch to par tbircoiapdeenrt sGi cofc atmpeas ss U mméd ri
motes healthy and chiisltdiri gihd b g eadWhalssay wWwer eeamoh

ording to a biweekly rotattiagfimeatu:ceacde datyypps

nu O O o u

ed dishes such as (@Em@arsabtaesiend rireela,r ad i a9 nd acnau

rst and searrdedeumdaensedwdme advance for the ent

ly seasehhbketcty. Although every child received t

reduced portion or to decline any dish altogeth

For dat aset acquisition, we coll ectediinnftdremat
rm of its phyi.Qald. mads p{ Beat eenho&p tduerveidc eu s(i Sheg
.2)4. Figure 2 shows the inter&crisbhewushbrtheat as

mposes his/ her trmdowseA QR thdet dpgci §6ithen adde

hrough our idnedviivcieduadndpltahees are weighed. After

t

ocemurhe the same QR code is repeated. QR codes
nsumpitdtomr es whil e preserving wuser aannoonnyymi i t zye: d
otograpHsevaend malsast eneasurement ©or wi dleoti fcabl ecd

hical approval was not required.
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e B 2 B
‘éna oM

Tr a Tray acqu I ndividua Me a Tray acquU I ndividual
composit with QR wei ghi consumpt with QR wei ghi

Figutet2raction with the system during dataset acquisition.
hi s/ her tr aynd TFehdetng w nbpetfioorre i nf or mati on is captured in the forl
and individual pl ate weighing.

I't is worth noting that pictures wehrysischaolt nbaos
values were captured per pl at es esmiwtro mgaotail c wmaass st oe s
procedure that operates mas 4 heo wdhtoil tdurttuet shy gruerd regtredndc
Al t hough data were collected in a spaeondfhasaeydnst i
organi zation reflect common o prearkatnigo ntahle pdraatcatsiecte s

of a br oaedvoall as ss coefn arre aols .

3. 2.Plhysical Mass Acquisition Protocol

Al | the food mas s measurements were csacralieed (
cali bihtgdatour acy. | mmedi ately afté@r gpbatilbhgg)ea
t he f i rssetc ocnodu rcsoeu,r s e , and vegoet aklcoersi dbhedigslhswa s e

was not weighed bef oweaes cpmespanpk d ggend bierc aarsfei xdd po
finished theirpl mtebsweétghedesamaer i ®Péatiecalareasnd

systematically subtracted frndm eoah emapoan dd mmgo tpd tait

3. 2. Rcquisition Device

We developed a custom device to endguragy sc mamsi st
speed up theAosvemhawnh ipmokEiegsre 3, the device comp
pl achee t r aysshaapnedd avnerlt i cal arm that suppystemt hleot
of which are oriented downwardsMXWE8i seaegoat wdta
of &XxBIHO pixel s. | mages pwerce slsatngr asiudb sehmpliendy, f @&
32. 2. 4Wdsi ti oned t he tchaemetrraa y6 5t oc ne nasbior vieestt hhiant tehaec hf
of vWeewar r anpgoewde altiughal white LEDs around the camer
over tshuer ftarcey and to reduce shadows caused by amt
unknown variability due to unnohtcdaphettsicr eemi rpa ta
front of the operator proviaedeathe iimawiet ipwyevu emr a
screen controls thadaah!l awguisirtibe.timThggéowerg ekt
el ectronicscanegquibtr etdEDer @®ahd di shloayd AoRpupRer wy

of RAAWMtrol s alll hardware component s, i ncdowerng t
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supply delivers a regulated 5 V topltalsd i £y sctoenp.o n\W
facilitate cleaning and to afedfuced tdhre Iri gki dfs @ia
acquisition setup -cgedtitfischelxfcl cempehgntosr dmdv i s ir

design rathersemainng sSelecti iadn.zed

FigumM@de3acquisition device used within the data collection c

The acquisition software was writt edeviincePy tThhoe
system stores data | ocally and s(iviilidFt aoeobshgr het
architecture ensures dataercoedemdganany camsdc U p pdoervti:

enabling continued acmpematcitd mnwh en utntaer an d tawd rek or u
32.42.Bemantic Annotation

To support our experiments on mass estimati or
annotation of food items on each tray {pbxteh fl walble]l
t hat specify the food icamtehgdoriymaagsesoci ated with ea
Annotations were created using thesgempttenl Vysi o
through the Segment Anythi ngeModelputSAMI tledh5]ass Wwii
we obtained a good delhi cédatwiascn tdfenamdoasudsd rgyg,ir @mn |
brulsihke t ool

Beyond binary segmentation, we assiogined ea osfe ma
foll owing predefined classes: fifbreatdocowamse di,f ofdvsle
class used when the itemAwasesmmloeg méntsdareyd filmadkher ada
to | abdloodal Iremam nSamml asheofi malgee .r esul ting annot at
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FiguSeamg#le images from the proposepr &dil Ce dad masretti avi t h corres

annotations. For the two tray samples (green tray and yellow
and |l eftover states. Bl ue segments indicate first course, ma
yell ow bread.

We then exploited the known menu statucrhagte, odn
first course and one second courndieset lgienecahstcrd ai

specific dishes from the corresponding daily menu

3.222.Rlesulting FLI C Dataset

The final FLI C dataset was collected over 22 days
futlmay acquisitions plus the codrnraegsepso nidni ntgh ed4 Ofli nlae
a spatial resolutionofdw 49a fapel4i®d g saalll stfiadn ao u tes
acquisition device.

For each tray, we provide a segmamt atsisorc i ma £k
(first cour s e, second cour sexpdiadamedi2s. h, SeiBedd,n &
couase seacwmse cl asses banrbtefantheg tdbeadbheldy me
first courses ophndisl breadormdcdc @aurgeeaer i cEadld eplddtseh,
al so associated with a physi calelsxrmdagu2n eddA8read d ,0t

the tray |l evel, the averagredttrlag amassadertfayl mas
61.69 g. Concer ni ntgh e nadvievriadguea | mefaosoudr eidt enmass,s on f ul
of 1166 di stwihreate afso adhei taesvresr)a,ge mass on | eftover t

arper ovi ded5i 2. Se8ti on

The final week of acquisitions (5 tdraayyss, wiotthalt
second course and side dish ®apeed memtaoaheée-deaama mi
recogfidiht isom.ombi nati on of paired visual ndeaatsau r edde n
mass provides an experimental seteptitmat onm@akersdert

conditions. The annot ated dat aset i s made avail ab
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https://drive. googl e_.zcsof/ HTrsi LvdeQ yf xod kdsepr Tsp/ 8RIGGWCtMa W y € C
2026) .

3.24. LI C i n the Context of Mul ti modal Foundati on |

The newly introduced FLIC dataset cahi ft sbotvar
foundation models and Multi modalMhkafgel danffudgedh

i s increasingly meypien d f iaovanpulkd revn tstemla Kk dputr pese ¢
architectures, whi c hil il negvueir-satgaec n épxrigee ntsao v p e rvfiosruna | ¢ ¢
reasoni ng. I n tahé ofwsoodiemai nm,o0 timiterpret culinary
natural | anguage interaction, or eV aslpueactief itch ek naodwel
[ 37] . I n this evolving | andsddpkityhbeRth@adht hiee
groundingd of advanced Al. While modermwl| @éedepgol ¢ &
for-tpaéening, recent resesupgédr hiasedemoemses antealt it drs
DI NOv2 [38], can serve as a ¥rroebuastte,d umaisfkise d ibnacc kubd
and segmenidetnitom egi mes [ 39]. Further mor e, as MLLN
and mass estimation through the integration of wvo
providing a physically meabsuaeldd mhsergabuadstruth

3.25Met hodol ogy for Mass Estimati on

This section introduces a simple and interpret
and analyze the proposed -odtahasx 4 e tmarsast leesrt i tmman otno ma

3.251Di gital density

This section introduces a simple and interpreta
and analyze the proposed -dfh haarste tma srsa tehsetri ntahtaino nt omc

I n order to provide a baseline for food mass es
concept of dAdigital density@l sl a physercal meagper e
vol ye6ef a sampl Qi th its mass

M=V .
[g]  [m?] [i]
(1)
In coMECHEDAS{(A gohere defined as(Goél at ifrogp dt sa mpp @3
in pixel s, with its mass.
:'L[:fl'(j
8] [px] [&]
(2)
Where t(hesameasured under fixed imaging condition

The relationship assumed by the digital density f
but as a controll ed apprnoaxliynsaitsi oonf tthhaet deantaabsl eets. sy

To allow for generality, we cannot assumefohat t w
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mass over area (even in the case of)Hdyes slavmengt ye
overdetermined system O©HO® iampear(@ewtd satroecarss s p e h d in e g

mass YwBJ u€ke solution i s obtsagiumead kky MoioiRemsiiraognegt hte
pseddoerse (Plnv) [41]:

§ = PInv(A) - W.

(3)
Speci aif oei dgfferent food classes is expected t
i mpact of such specialization, we conduct dedi ca
i ndividual food classes on cefacchurt rcaagynt eTehna nekrsv itroo nt

one first course and one second course are served
operator i nput. The full 3pr2oRe dhi2e hi sledasksi bdae
recognition stage.

The procedure to |l earn the digital densities i
we generate semantically segnmemtgend tviiosnua lF rnoanp st huessi
a pixel count of their areas is easily extracted
values following the p202.04Dhi sdeiscfrobmat iioon Siesct ¢
foll owing Equation (3) to compile a table of digi

Assi s|t Seman
foo segmerq
recogni tra
Physi|c
wei ghli

Figure 5: Procedure defined to | earn the digital dendi tiray,s .

Tr ay

. Di gi
F't.t, dengi
est i me tab

3. 5. 2upleirnear Model s

Acknowl edging the simplification introduced b\
consideration two additional model s of increasing
mass val ukegraees egminydn o mipaelr ceefpdLiBonmuTHe bageopod!l ynor
i s det er misngeuda rwisa olpdgaanti zati on under the same con:
for mapping O pixel s tpoerOc egp twidcerg@tr dfi omrg a4 heo mfuil g u r
|l ayers with 5 intermediate neurons each, as deter
weights are optimized via gradient backpropagati o

As we show with appropri3.tz. 3aHlpaateiaon nsotdued ise si

estimation performance on specific dishes but re
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compar edhewidii lgi t al density approach.

3. 5.MBssisted Food Recognition

I n this section, we delineate the procedure fo
As shown in Figure 6, assisted food recognition i

1. Foodffmmd segmentati on:
Given an image of a tray, we automatically returr
this represents food or other.

2.Food classification:
The class of each food portion idelhnevél edyi manbheal
(first course, second dcuarutrbséer, n esdi daeu tdoinsaht,i caarl | lyr ebayc

menu.
(F d Seman
Tr a 0o Bi na Broa Fin
. — nef oo d segmert
i mag tray i1 Jclassi C|aSSI i d
\segmenf a tray ir
Pe-pixe st cowl q
f oo 2nd cou Dai
det ec SideiQ me n
Br ea
Figure 6: Detailed steps for assi stfealo df olidn arreyc ogyeng me rotng t i boar

classification of thegff@adcdedl xdass, facdhtawinomatsied foinne he dai

Details for each stage are provided in thayfol
i mage. This procedure is applied to both full tra

3. 5.R0odFdod Segmentati on

At the first stage of assisted foadt omatoigmi bi
segment ati odfi oofd regd onms.ndo tthriasi rextaemd ,e wal uanpd e
based on deep | earning:

A -Nelti ke architecture [ 42]

As a baseline, we-Nelbinkse dree u raa It r aarcdedniciicaaeatl uarled wdhe
are composed of four bl ocKkiss wsittrhu cstku rpe dc oansn etcww o ocncst
convoilbuwttncahmma |TRe &alUayer s and is connectedi mensi bea
ma-pooling | ayer.

A DABNet [ 43]
Based on -wihsee DAespytmmet ri ¢ Bottl eneck rmo dcuolaer s(D

segmentation map-ddimeect onafr dmatptl ewimtalpy wi ¢ lhypiun g
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modul e. In [44], it wasushowdiowmaf eedimemntt ad X oel lwén
moderate cobwmptupaiindtnalThis |l ed to the selection o
supervised semantic segmentation within this work
A DI NOv2 features [38] combined with FeatUp upsam

DI NO -Dketifl |l ati on wi tshuphO vii steal sf)ouindatwheslkefi s
features have demonstrated semankbabl eoavmapabisicretngmp
One significant |l i mbwvaspani af Dedloluiien, oft hhets f
[ 46] witmoBeandpti @ framework capable of | giaven ng
embedding space.dimenhfsisnawbrBRl NOhW®&i BB4Faaebp, ups al
mapped teviswr bpgimaely oiun gplue d dmwallght iaon al head wit
A SAM [35] prompted through Grounding DINO [47] (

The Segment Anyt hing MNwudeloseSAMUNdsa e @omegnetmeetdiac
designed to handle differentangplksumwmdi ngqpluad x 3 .0mp
its usage and avoidwéeheseeetd foriusefiLpngmpge, SAI
setup, thepropessetagéths Groundi ng DI N c(hbET R owiet
an owoernn d object detector that r et uprrnosmpbto.u nldni ntgh ibsc
prompt iOf fifheodo.ur approaches, the first-Neamcke r ¢

DABNet were trained from scratch, aodnheprrienvgi octuos as tct
food Il ocalization on canteentheaydl C44jat amedt sab
assessment. This i ncl udbeys b5 0On aerpyb ccorpoysosf o $ $ ai wi nhh g

through the Adamfoptdmiearnusigngate of O0.005 and
was f dendetneficial. Experi-imeind-sadvedsat ¢ on dsd trengk sisn
The same configuration was adopt ed hfeorh el dN Qwa2s+ Ft W,
applied on -ttrogi noefd tfheeatpumre approachor SAMARSDFNOrt h.
completely free fromtanys tsuenliencgt eodn -$dodbrt weaesrd c it ihaemd rinaor

3. 5.BBood Classification
At the second stage of assi satsesd sftaead crl eacsag fii tcic
items in order to specialize mass estimation for
could be providddvegllobal Irye gt miglo @ et ha wietnalr adensi t
application of Equation (3) to all food instance:
extent to whsipcehc ihfaivci nign ffooronat i ahecastli ematdi ba af mme
Gi venonbkeorfaifnitxsed dai ly #ernwedg ustwenmiateivdi sfeo mad t avloa s s i
t hat involves user interaction to provide reliabl
and exclude the errorofoff odood dma sesc oggsntiitmaotni dm.om t h
1.A first |l evel of broad classification is relat
Afirst courseo, isecond courseo, fAside disho,

our system with a tdbedi cakeed oOpemaebwesr with

6 4



2.A second |l evel of fine classificatowmatasgagha,
pasta, etc.). I n our case, awguisiyiom Skee¢euppea
fixed for any giwolkooasbeast; tih.ee .f,i risft tcloaurwsser t hat
specific class. cCambi hiogtitdhhme WwWirtoladt he daily

automaticaladysobtainoa 6fnel asses related to f

si-deeshass are avail abl e.
I f the accuracy gain in mass estimalte osi @arsi foibd an ti
devel opments might involve thehobgque$ fddithenablt
of food classes [49].

3.2.3 Resul ts

The methodol ogy ®@exXbcsreirbveeds iam e cttriaomms pat et b

relationship between visual me a s ur eThoe natsss easnsd tphhiyss
we present several exper3d.mz.n3asdail ruatthee dfi dIfleaveinng .mel
food binary segheft awea ditree shtlymp o dhetsiiesn of | i near cor

area in pixel s nangd amesads.uzpnedldeaaspsphy and test our m
based odemndsigtiiteasd3.. 2.3 . Bedct epart abl ation stud-ies f
| i nperaerdi ctors and -tbhedi smpaménpobdtifowowd/ no

3. 2Fdo0dFdNod Segmentati on

Results foopdf bobdaAnyg segmentati on aorvee rmelansiuorne d( lionU)

S (B A o)

ToU =

(4)

whemes the predictedpbsettbé& §pooditgi & egfimapheoad odfl ctrhoes ¢
validation is used for eval uateifotno,v ewi tthr asyasmpul seesd fe
ti me.

Results are reported in Table 2: apkr met madsec
full trays, "ad®i hgUat Hawewaed, 9i2s sslgowrd i ea@nlt efdti &
general comment, we can atsaitgenitfhiadantelfy omoerre tohaaylsl
trays, ewdédrheef or samtgméom model s: whi |-dee cnoodreer tardacdhiittieor
Net andabhAhBMete bet ween 70% and 71%, DI NOV2+Feat Up
it the model of choice for our subs empeuecmntd dxhpar idm
involve any form of training,fudllsoplsahows bad mpdertoipi

|l eftover detecti on
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Tabllent2er section over -fomidomi masgyl tsegfmemtfadod/nnavi th di fferent

Met hod Training loButays) l olleft dvearys)

UNelti[4@ Ful | 92.52% 70.05%

DABNB Ful | 93.64% 71.12%

DI NOv 2[#8R 4 45 Head only 93.26% 77.22%

S AM+ GD I[35,@7] None 91.98% 31.77%

Vi sual exampl ed oofd Bieganmentfacod/nhnare provided i

I n S&8ct2i.Bnwie. dal so quantify tHee®oidmpagtmeontthae mgewh € €t
task of food mass esti mati on.

| mage Ground trubU-Neli ke DABNe't DI NOv2+FU SAM+GDI NO

Fi guEe@aampl es of -fboionda rsye gfnoeondt/antoi on as obtained with different

and | eftover trays
3.32.r e@adlass Linear Correlation Test

Estimating mass values via digital ben svietenn & 9D
area in pixealasnsandemass wien tg st tahicsorhryep oatth eosni sa nhe
dat aset.Thel restuuédtl s are shown in Figplkrate@&. oBasreeryap
reported in blue, and | eftovers asecorgocbedséenan
on the same plate) are elichedrdprfeoennttdhias @umraelyys i
of fset . For the (ffiirrsgt amnadw)s ewe nal co®umrespesrt a subs

classes For Fi gfue eet®caen,s ptahree nstemied | i ne is the same
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athe broad | evel (first course and

second cour se)
pl ot s.

First (dPCr De SBelcYo4n)d (dPdCCr Ve 793 6)

) - S D —
e FHill | e Full -
400 & Leftover 0] ® Leftover . s lg
e
=0 300 of 200
P P
g g 150
£ 200 g
3 ]
3 3 100
= =
100
50
0 o
o 5000 10000 15000 20000 25000 30000 35000 40000 0 2500 5000 7500 10000 12500 15000 17500 20000
Food area [ px] Food area [ px]

Side (®CEhO0. 74BB3ABECC 0.9779)

L e Al 0] ® Rl
250 = ® lefrover ® Leftover
- 60
— 200 - —_
= . &8 5
2 2.
& 150 R
£ E
2 100 g I~
o (=]
= = 20 -
50
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The first course exhibits a very
however

goodt Pept sbdbn
, shbweaetthatoaraeabati on woultdebdttar anidt t hh

a visible outlier. The outhcedensatl gsbs8aBPtherahmgt

fi-cetr ss@l assushes (99. €b%)y.el aheomworst for fiPasta wit
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reaching a sotade9HltitinBe%anroihtny tchains be expl ained by t
meal : titessegdstammd the vegetables have inherently
separately in our scenari o. The ful Iwhmdael t(hbel uleefy
(orange points) tends to be nboys tvliys ucaol mpi onssepde cotfi ovne.:
l eads to two differeftwllli medr |leédt datvieconshiape bhetrwe

of the aforemémticecorad alfaspewvofded in Figure 10.

Pizza marghedreinttal s fl an

= 0.0702 0.060903 0.0186 0.0119
Paswiat h vegetabl €hi ckpmer thigh

d = 0.0Wl7% 0.0492 0.0065 0.0070

Fi gurkex almpl es of classes from our FLIC diaaccertdiwidg ht o otrhree sppa
shown. The cl asses of APizzmosmbrgbesi saeéntnbefiveaeni fufl aanda

with vegetabl esd hamgdofnGCGhioowvk sm gmppercant di fferences before an

The second course exhibits worse | inaarviitsyy bovwy
cattered plot. Within this groupdosbmeei rdicei de
orrelation (99.25%). The wohlrisghds,e caotn db5 .08 % ec drsr
AfPasta with vegetabltewd,campenent alefo tahe adies whlra
densities: Wdiree .melan tamids tthe&ese, however, the bone i
vi sobl ehe |l eftover plate. This creates ¢wen iwidtelpe
nolni near correlation. 't also suggeamntsi tyhaal wWays ¢
and should not be counted as waste.

The -¢diigddle cl ass exhibits decent b esheacva modr soev ealad :
with 74.68% correlation. I n dteliii -epdoddi bowevVvat j oin
canteen does notclmrseVidtbebrd deaidi esthesub

Bread shows excellent | inear correl attiroany (Br7e a7
information was set to a def auTlhti sofa nball ygs iwsi thhioguht!| i
l evel of reliabil it ynotdhedti ncga-tooib & sheet talreebaubad ht p . | 1 |
we wi | | guantnefayr hmoowd etlhiinsg actually i mpacts the t&
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3.3BMass Estimati on

3.32..Expberi ment al Setup

We | earn digital densities by aptprigmangge sEq uVdet i tc
verify the effectiveness of di glietfatlo vdeern stirta ye si niaogr
all ows us to better obseerrrvoer st,hes idnicset rtihbeu tliedn oovfe re :
wi despread range of mass values.

Our food recognition pi-pbebidnesebmeptalinow icae§
di stinguish mixed dishes (i .e., mwimei pllatteype sSi mfc
out of 401 contain a seconml atoeu,r svee aexdc lau dsdii dseh odsi e
pl ates from the mass estimation experiment.
Let=1{ . 2, Ppdenot e the setseotf Ppiosess b( is.aenp,i icdsddd Grou mb e
be the number of independdrmte fwnd ofwdo mge paoloceidae .e:
A For eachcolrlammadtom training sampl est oidma chees ,c | alsa

with the corresponding measaurhydp ontahsest iacnanl o tfaet nirc

in the canteen, wheradfeiwduanbt gnmeasafetiobdr ar
A Estimate the digital density, rel atEign@atarosma (i3
A Sel etto@ad Iregi ons that correspond tfmotdhd malgaess

A Apply the | earnefll afitgi wearl fdeondiregimaead,hteoemapp
|l eftover mass.
A Compute the Mean Absolute Error ( MAam)d beesttweararn

|l eftoveé): mass (

| L
MAE = I ; |m; — ).
. (95)

A Repeat thetipmesediurle differentaiandgmdsasepmpst e

the mean and standard deviation of the resulti
I n order to assess the i mpact of Cleassiticati cownes
|l evel s of food classificatiohn nisnm aoaoges ekpemi médndt ¢
considered), br oad c| as ssiefciocnadt icoonu r(sien s tsa ndcee sd i osfh ,f
separately), a n(di nfsitmen c e Is a sosf-t bailcla &€ $ menaliufrsiseer ofoildrasts e

considered separately).

3.3B3.EXperi ment al Resul ts

I n Tabl e 3, we report results for gplobtads st an
excl umdixggish plates, as in ald $®ebsdeu eorbtt ag xipedr ibmype
di gital deisirtandoin jt uw atanvienrga gesdd®d tipdrel,nls/atsuUMAE i s a r
error provided WM™MAEIgabuyg editvhiediinmygp aictt foofr t he aver age

option woarl dalbiez efodM/AEt he average | eftover mass. Th
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unstable and uninformative results, cesapecil alftpve
detailed tables presented in tbhedfol aosweangWwitHhep
densities, as indicatedsbwmwetabar afl asbufi tami oed, c

by two percentage points.

Tabl @l &bal statistics for |l eftover mass esspematabnzafThensCobh

density used in mass esti matiroenl.atFiovwre eearcrho,r swe report both ab

Cour Classifi N samp Avg fu Avg left:« MAEL [+ MAEl/ fu

No cl ass

Br oad 14. 11.7
Al | classifi 116 121. 18.¢ 13. 1 10. 7
; 11. 9. 44
Fine cl a:
I n Tabl e 4, we report a detailed view of t he
coufteeel statistics. Fine classification (i.e., i

and secwmnmsissnce the canteen did not provide detai
experiment shawsi fhaatfbonehas a significant i mpac
couamse@é virtually no impact (i f not a slaexmltdiyned gt

the relatively uniform nature ofpakitmaj3t agaunsestihe

of second cour ses. |t shoaol dsaé¢soedkei miott eldi mihtaa d
eval uation set; thefefotrtdespercfi asmma&nsc e hmail di dse i
statistical igehebial i zgtaonod tamabetdity.

Tabl @ouid ese el statistics for | eftover massdiefsftarmanti onp e clTihal ifAz
digital density used in maabsebsutmatbndnreFatigackhrrwowestreport

CourseClassificaN samp Avg ful Avg |l eftoMAEL [ ¢ MAEl/ fu

First Broad cl a: 39: 207. 17. ! 12. 5. 77%
First Fine cl as 12. 5. 95%
Secon Broad cl a: 27 ¢ 102. 23.° 20. 20. 34!
cours Fine cl as 13. 13. 29!
Secon

cour ¢

Side Broad cl a: 24 79. 25. 16. 20. 46"
Breat Broad <c¢cl a: 25¢ 50. 8. 2 3.4 6. 86%

Figure 11 shows the MAE curves andodoirnfidesmnceoiumte
courseo, fiside disho, anMABbwetdOot hélemnembar bofiet f i
fronai up=lt0ac The elml eencodes the stanmdEhl0 @ idrede adendean
The dmasdeldine i s the average mass for | eumevercal |l
in the figure but not vi suali zeadwf owwithe mopalketofai
it is possible to reducien tthlkee adesagred i MAGE. b IThd sl iirs

mul tiple trainithmhg exdmeplresicreeduwmc &® havoforr aancdroons ss arr
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sel ectai dreslksees i mpact. This is visible incbheseeéidu
the i mprovement is more apparent ctamamlism dteh earxsp |l (e

more heterogeneous nature of second cour ses.

First courseSecond cour se

50 50
——- Awg weight (full): 207.9g —=-- Avg weight (full): 110.8g
——- Awg weight (leftover): 17.6g ——- Avg weight (leftover): 24.8g
40 + 40 4
30 30
e =
g E| s T
53} =
g 701 g 201 g_\
[~ DO vttt o it ety ™ HE e . i 08 ke el bl MBS [=}
2 2
< <
1=} =1
= 104 = 10 A
0 T T T T T o T T T T T
2 4 6 8 10 2 4 6 8 10
Number of sampl es Number of sampl es
Side dish Bread
50 50
=== Avg weight (full): 78.9g ===~ Avg weight (full}: 50.0g
——- Avg weight (leftover): 25.19 ——- Avg weight (leftover): 8.59
40 - 40 4
30 1 30 1
= e
A E
53] 3]
L 204 2 204
=2 =2
2 2
=3 o
< <
g g
54 S
= 10 4 2 B e s e R S e R
0 T T T v T 0 T T T T T
2 4 6 8 10 2 4 6 a8 10
Number of sampl es Number of sampl es

Fi gurMAEL1wi th varying numbers of trainingl sampldes iurscidc dtoe gl e

deviation across multiple runs.

Tables 5 and 6 provide additional dendi secama
courses, respectively. The i mpacti non inmmaes swietsht itnhaet
anal ysis Br 2m3fBerctéxampl e, fPhewvea WwWhéeé hhwoeget abs ek
MAEL values among fishswscoheséseasandortredlasoon be
AChi cken upptehre twhoirgshtd dlmdaEss econd cour ses. Ot her n

excell est i mass$s on for the first course of fRi cott

=1}

Gr sttiyd e plaice filletso.

71



Tabl e 5: First course details for |l eftover mass estimation.

First course N sampAvg fu Avg | eft MAE1L [ MAEl/ fu

Pasta al ragu’ 45 195. 4.5 5. ¢ 2. 8.
Pasta integral 38 227. 23. 16. 7. 2°
basilico

Pasta integral 12 177. 85. 18. 10.5
Pasta con mel a 15 147. 15. 9. ¢C 6. 1.
pomodorini

Ri so al pomodo 14 226. 27. 24. 10.7
Pizza margheri 71 269. 20. 7.7 2. 81
Pasta all éolio 16 119. 2.9 3. ¢ 2. 7.
Pasta integral 12 185. 17. 7. ¢ 4. 2.
Pasta al pomod 14 176. 30. 18. 10. 6
Tortell oni ric 10 204 . 3.8 3. ¢ 1. 7.
Pasta con | e z 11 184. 6.0 10. 5. 5.
Pasta al pomod 23 193. 8.3 11. 6.0
Riso all éolio 22 172. 22. 14. 8. 6!
Pasta con |l e v 19 226 . 30. 33. 14.7
Pasta con pomo 23 237. 11. 23. 9. 8:
Pasta al pesto 25 184. 3.9 4. Z 2. 2!
Pasta fredda t 23 187. 14. 13. 7. 01
Table 6: Second course details for |l eftover mass esti mati

Second courseN sampAvg fu Avg |l eft MAEL [ MAEl/ fu

Frittata con | 23 135. 46 . 13. 10. 2
Tortino di cec 18 144. 6. 4 2. € 1. 81
Arrosto di ma i 12 94. 28. 23. 24. 6
Seppie gratine 15 79. 31. 10. 13.3
Erbazzone 12 206 . 116. 32. 15.5
Prosciutto cot 46 45 . 5.8 4. ¢ 9. 6!
Sformato di (I 14 118. 12. 3.1 2. 6.
Bocconcini di 12 116. 28. 14. 12.3
Il i mone

Frittata di sy 11 104. 8.0 3.4 3. 31
Par mi gi ano 10 40 . 8. 3 33. 82.7
Filetti di me r 11 85. 13 7. zZ 8. 4
Tortino di | e 22 117. 23 6. ¢ 5. 9.
Filetti di pl¢ 23 90. 0.1 0.z 0. 2!
Sovracoscia di 21 117. 39 6 6 56. 2
Frittata di bi 22 115. 25 4. ¢ 4. 11
Merl uzzo al p ¢ 2 106. 41 8.z 7. 7!
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3.323Abl ation Studies

I n this section, we report ablation mdddli £ samd
the i mpac-tftootl §egumoénToaabtlieosn 7e rarnodr s8. f ocus on repl ac
density wit hpal ysneccrnoinadld eagpredr ecae pmtéan ¢ gy tn dMAEA Er r or s

comput ©odl wedbtdd training exampl es, respeanliovie I ryu, n sh. ¢
We also report the MAE dif fiemckincatse s uarm it maitoaaemper
modeAss.can be observed, both for the @wéryalolmi alf
MAEL i s markedly negative: thisintsrienxspilcaiinne d ebayr ntil
model s with little devanelheuavemal!l moirfef éranoce s g:
10), which scogesttes model momee not, in an average
appr dpek.i fic dishes of interest, as emergetdnein t

speci fic posi tliiwe airmmpeoadtel afngs U eeand MdRhpgotkae nwihti g hw
Tabl e 8).

TablAbl7ati on study that compares the | i rsearedodel poofl ydniognitaal
Reportedlaaprd-MMNEEYrror s,Ditfofgertehrede swi(ti ff.). A positive diff el
by thé i snemdeel

MAE -1 MAE-10

Course Classification Linear 2nd deg  Diff. Linear 2nd deg  Diff.

All No classification 14.30 414.85 T400. 1099 12.33 T1.3
All Broad classification 13.04 81.62 1T68.5 9.03 11.91 T2.8
All Fine classification 11.47 14.88 73.41 954 10.16 T0.6
First course Broadclassification 12.00 10.88 +1.12 10.41 14.61 T4.6
First course Fine classification 12.38 10.37 +2.01 12.02 12.13 1T0.1
B Pizza margherita 7.76 14.00 176.24 721 9.83 T2.6
B Pasta with vegetables 33.46 16.88 +16.58 33.69 37.70 1T4.0
Second course Broad classification 20.81 311.48 1T290. 1144 14.17 12.7
Second course Fine classification 13.60 28.18 T14.5 10.70 11.11 1T0. 4
B Lentil flan 3.12 4.98 7T1.86 314 3.57 10. 4
B Chicken upper thigh 66.20 102.94 1 36. 7 6457 58.47 +6.10
Side dish Broad classification 16.19 18.77 T2.58 1221 14.81 T2.6
Bread Broad classification 3.43 3.99 1T0.56 202 2.69 1T0.6
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TablAbl8ati on study that compares the | i nneualrt imoadyee r opfe rdciegpittradn
Reportedlaaerd-MMEErrors, toge(thiefrf .wi.t hA Dpofsfietriewnecedsi f ference ir
by thdisemer model

MAE -1 MAE -10

Course Classification Linear MLP Diff. Linear MLP Diff.
All No classification 14.30 19096 1176. 10.99 1212 11.1
All Broad classification 13.04 81.39 168. 3 9.03 1081 11.7
All Fine classification 11.47 90.23 178. 7 860 1047 11. 8
First course Broad classification 12.00 15.86 13.86 10.01 1117 11. 1
First course Fine classification 12.38 16.05 13.67 12.02 1306 11.0
B Pizza margherita 7.76 12.38 1T4.62 721 9.97 1T2.7
B Pasta with vegetables 33.46 3995 16. 49 3369 3254 +1.15
Second course Broad classification 20.81 28.08 1T7.27 11.44 1388 12. 4
Second course Fine classification 13.60 65.45 1T51. 8 10.70 1368 12. 9
B Lentil flan 3.12 8.82 iT5.70 133 323 11.9
B Chicken upper thigh 66.20 18660 1 120. 6457 60.60 +3.97
Side dish Broad classification 16.19 303.74 1287. 1221 1500 12.7
Bread Broad classification 3.43 30.11 1T26. 6 202 3.10 T1.0

Table 9 focuses on the impaod skegmeptatined, aan
DI NOV2+FeatUp approadh 2p,Revwiet3h ethmenoh Sm&wnosnused
model . I n this context,prhamanf amnpeéerfteonssagmme utsa
presented foll owi nTgabtlrees sfaneendsc8,ema&ndasher e, a p
i mprovement gahuwuman fgegmertrdteican. The results sho
segmen(itrmdaomred at 93.26% | oU on full tBaf®)s3iamnd
negligible on the downstream task ofomaeachstombi i
the digital densities are adrmaomnatdi dmoMhumancorr raisy

sufficiently caonupmasssgment atri over
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Tabl Abl9ati on study that c ofnpoad ese ¢ rheen taauttiobnhaN G2 af Foaoadd/ Unpoh wio U lg h
annotated meskwo.r sRapamtdePRAE oguét herDi f ferences (Diff.). A po:
i mprovementhymameanrfatoant i on

MA E1 MAEL O
Cour se ClassificatAut omatHumarDi f Aut omatHumarDi f
Al l No classifilda. 30 14.6:10.:10.99 11.1¢ 0.
Al Broad cl as<l13.04 11.6:+41..9.03 8.94 +0.
Al Fine classill. 47 11. 4¢+0. 9.54 9.72 10.

First course Broad clasc<12.00 12.5(00. 10.01 10. 3:10.:
First course Fine classil2. 38 12.7°10..12.02 12.4°770. .
BPizza marghe 7.76 7.21 +0. 7.21 6. 71 +0. !

PPasta with v 33.46 40.8M7.:33.69 41. 40 7.

Second courseBroad clas<20.81 13.9¢+6. 11. 44 10. 6¢+0.

Second courseFine classil3.60 12.9°+0. 10.70 10. 871 0.
PLentil f1l an 3.12 3.3410. 1.33 1.5410.
PChicken uppe 66.20 68.6¢t2..64.57 66.1f1.!
Side dish Broad cl as<l6.19 16.4¢0. 12.21 12.4¢ 0.
Bread Broad cl as<3.43 3.16 +0. 2.02 1.70 +0.:

75



- 0o " 0 ® O T o ~—
-~ = S5 S O

S
e
(0]
u
u
n
c
n
e

- O 9 T u u —
T oS O S & -

o O o < 9 o

ac
ca
Wi

us
es
pr

ne

A4Zoncl usi ons

This work is primarily intended as a fdoautnadsaetti ocn
r studying food | eftover e etsit mantait 0 ro nr antoldesrl . t B3
troduced FLI C: a naonatgle seasdtniomattieadn daaft afsedd fmass
vironments. T4hOel dfautlals eatn di n4cOllu dleesp it x@ler s ¢ mamgt i ecnal

eci semaphy simeadur ement-wworclod | eaxnteealen nowerr ea2 days.
di gital density to relate image area&ai gbt weiogh
ti mation pipel-foedcesemgpmenngtioedagoi aiseanstEdeseo
rve to validate the danhasaeti 6s abppleincalnial kt y oa n «
whste edMhiimaet itdire. FLI C dfaitdaesleitt yp rpoaviirdeeds vhiisguha | a
rrent scale remains relatively modextdi nDlsi anmday
ture usage for deep | ear-sidmgi grent hand . f iFued hme mi
herent geographiccamdtcal husalrebl aséesth&Ehesder ¢
al e, cul turpalrltyi cdil aed ye tda&t as,i gni fi cant l ogi st
di fiodbwali t emhi oughpughoperati onal c a n taenedn . e nThoa nnti-

nerali zati on, futursd tef fcorltlecwidllome ft @me edhc odanp me

ighting conditions, andi habhdwamwme exppos e Ruvtame

rategies such as lteHd oyemertataiyorc onff i gyumtah é toins 0 |
mul ate the amdraphidlidgi caanld f o o d -cnoinxsiunngp tti yofih @acl el nye
oposed digital density model rbet weeonni mhgeaasae
d food mass in grams. Whn | £e weri sl acssuampthynours
e not hold unitfypreml,y esprecsal dlyl toompderért odienhb:e
r e ansoornk, wiultlurienvesti gat e -ltihree asrel maddalve otd@ prha s

ific foods that are fou@Gldose®| pPemelcatdednitboamt i oa

o u ou

—

our current formul atpirerdicd ®s .0 Al ynotrlee paysarcea
d relate fowvdl mmae sr dtoherstti man eglr oj ected area,
heddsemGB ng -pag8¢d wvergehstruction from depth me
h methods | ever agwi elwprtec @rsgti mad tpiomrnt otoon magdulaiinet vi €

—_

c

gh they typically requpmrieorspercdtal awveaeidl alalra wian
r experiments also show that brgaidn s nidn féa stei rhatoi
ross cour sespeCcAlftihougdhdalhiamsgt eoes ynotmprove perf
tegorizati on rreepmaritnisngl essnd arbd rei tforri ng pur poses.
'l ewpkomdvanced computer vision met hods efdorf oau
er assistance-lwhiell e riparpessrletlriynign@gn cd mess chall enge
ti mati on ewmntdi matuieonwaisst eetdleblt eebht mentons aod of
actumraédgyverable with standard whesnhei llsefd®wplris
cessary to more accurately translfhoedvwashbé. mas
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3.5Abbreviations

The following abbreviations are used in this n

2D Thviome n S3iDo nTdli enensi onal

CVAT Computer Vision Annotation Tool
DABNET -WéepehAsymmetric Bottleneck Networ k
DETR DEtection with TRansfor mers

DI NO -Bslesltfi |  ati on with NO | abel s

DSLR Digi-t eadns SRefgll eex

ECUSTFD East China University of Science and T
EU European Uni on

FLIC Food Leftovers In Canteens

FU Feat Up

GB Giga Bytes

GDI NO Grounding DETR wintchh olrmpbrooxveesd de Noi si ng
l oU I ntersection over Union

MAE Mean Absolute Error

Med GRFood Mediterranean Greek Food

MLP Muadyéeér Perceptron

MLLM Multi modal Large Language Model

QR code Quick Response code

LED Light Emitting Diode

PCC Pearson Correlation Coefficient

RAM Random Access Memory

RGB Red Green Blue

RGE Red Green Blue and Depth

SAM Segment Anything Model

UNI MI B Uni verBiidgcod Mil ano

YOLO You Only Look Once

=A =4 =4 =4 4 4 4 A4 -4 4 4 A 4 4 -4 4 4 4 -4 -4 -4 4 4 4 4 -4
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Abstract

BackgroundNobj eommuems cabl e di seases (NCDs) and u
growing challenge for public health and sustaine
technol ogies (mHealth) offer a prsdmiisiarbd eo pppechratvu o
among young adults. However, many existing appli
content and solid recognized educational model s.
the cahceptuon andUnd epyv eald oeprmikenat]! tdhf app designed t
sustainable eating habits among university studen
Met hdthe: devel opment of the app was candudted i nolol
phasgscofceptualizati on, guided by a targeted |
Taxonomy wdlesi @ini )t hc@ugh a focus group with uni
devel opment with the contstiduamdncompuwtuer i dc-ioantsit

week randomi zed controlled trial (RCT) aimed at e
Resul tUmn:i piilmg ei ncluded 21 behavior changing techni
them into practical features such as goal trackin
and personalized educational contents. Results fr

of users reporsifagthioghahdv@l%otdesatbred they woul

and meal planning functionality emerged as the mo
eating behaviors was modest, wiheé Imelkedr3t)f &oa ®lse c( o
Concl uTshénnispd map er epresents an innovative wmeddlgngf
scientific evidence and the systemic integration
engagement and an interdisciplihaty apprdoagdh atan
promoti on. Future studéeewm shbetdi eapéosecantheopt i m
KeywomHeal t h; sustainabl e di et s; healt hy di et ; l

participatory design
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33.1lntroduction

According to the | atest GloobammubBriradaml e fdiDs esae
remai n angleosbcaalkc ahad ahlgtnhg e . v&p eveii gih¢ ahlalvye, @dnes igteyd as
ri sksdswmweheorl| ast ,t woccded.adla gmiflolri on deat hsadjnus t1e2d
| i-ffeear s (IMDALDXv.er wei ght and obesity are multiface
f individual and en3fihi esnmeanct aldedet @demismamtstowar
ietary patterns, a transition exacerbatf[edl] byAtt htel
ame thé mgrowing instability of the global food sy

ust adinatbd reyt opagnssurnisng -betahnguhh waman awgl lheal t h whi |

T »w uw a9 o

conomic [r5gVBi | eefioehda veyrddesomsni zed as a primary | e
owarSdu stthaei nabl e Devel opafeh3 0 GAgod]e didriDrEst | ty aling ebtihti esd
contrextSudtainabl e Dejyad]igpmmemgtht Repgdiratt 2628 he curr
el ated targetsanwd Illt anloyt ibse nadothviedxvogedme e O aAfsr g nedgitatr f ds

i s essreemdao@hiezawol e of consumer agencies in shapin

—

about the multifaceted i mpacts of their dietary c
more sustainab8Ad thoadhsy hteethat est trends and rese
i ssues and growing collective awareness of the en
i mpl ement change remains opend a@rcdemmheérfecias |y Ggrow
tool s. Strategies tbadlknpirmy eoear wepigg Hata ka mod arbud stiit
individual education, <clinical suppAlrlt,t kesmenuinntt e
are synergistic and essential foBecaeaehiofigtael pro
reaching the popul ation i n a wdidnetseprreesatichhoend nsnee rH e atl |
(mHeatebhnol segcesas smartphonest hfbadil letsat antdheveao
processeepp amtda d khiacd i @ vk ment [olfO0]J]heal t h goal s

The most recent refvileewsis2hiowlt3delec durt @giangr eai gn
effectimdeaksh of ec hnmd migli e sapplcihc aafsoods behapigemot
howewaeat tharghl i ghted BsBomketdhiemiheatrogeneity of the
smal | number of participants, short intephasti 60
eval uate t he.linmpaadcdiietoieoew,t utdimes often involve comm
and -nsoenlift or i ng ttreatm svMeavw hgs hdrotss effetesm bufedtthiev
remain debatwdrcooOdles eltljra aapllssy svii dlhogi c al conarntion
as s elsismeidt e d onuu nchoenre so fs ccal va & revwnavit grlg teaDte sipntt @k & .hei r |
guespeossstthegaedtiieat |tiltaade ompp hatvvar y Thaystap madi |
beal utabbgple® owever, a meval a@mpu e th esntgai nndeaerdd i leye di si nd
reqguired to deter milme atdideeitmi @othpuedi chpacnf dhyti on
rapidly throughdeslpere athgnmpelryasive in the I|ifes

[ 1 4]with potentially detriment al e f fteecrtns roins kt hoefi
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communi cab[lleF e se acserscerns are further socppduteéeddt
byeuropean Food | hflé6iwmht cbni €duocat s that young a
popul ation groups with the | owestl ndiretspopualei tty ar
experts have emphasized the pivotal r o aes eadf heedau c
communication to counteract t he sdcliddn al i men d wietcht
per sparcitMevresi ti es represent d mpdretmeanwloaglty vet sat e
e

nNnhance the communi cradli atne dofi nffooordmaan do nh e al tyhoung

|l anguage and facilitating thel6t]Tans!| atsi druraftheknav
ithird mission, 0 namely theirtr responsibility to

i nnovation, and 1pAjtbltihce esmhghacpetrmenmety nutri ti onal i ss
among university students is crucial for promotin
represent a priority target group forblpabtla cdeeall
poor eating habits due to economic constraints, t
consistently shows that thidsenpep Udloatdisg n stked rnpd smetad
prepared orticomnmsv,e wihente oad so engaging in | ow | evel
behaviors such as clompput elrnahmidsrteéecdedi shometusedol o
stages itnveol dedefumpmé ménre mHeal tdlesa gppleidandtbieorheal t h
sustainabl e diets among sThkpleplded aadat st hdeUnimpé e smiet
emphasi zing astr arheagy d mit felgiboad neysa nbdo pbhatptpsio sdc hiden't

focused methodol ogy was ,ceaexeablt ad tttreouagphp qdueavleil
research approaches involving a focus group and a
of students6 feedback on app structuretl yunonvesnhlt

o

uring both research activities were also reporte

3.2Mat eri als and Met hods

Théni pdmapaess devel oped within the ONameRds&antht
and innovation network on food andWonruktirnigt i hh BEaico
| arsgeprl ®j ect funded under the National FCeoanmpwenreyn t a 12
Il nvest m€at !l 1f8r tender No. 341 of Uhb vMeaschy2@ada
funded by t hei BEauxto®@ema)y ddniiponewWi de a cl ear overvie
framewor k adopted iUmitpd g deeatnéulesocprmepntt roeff Iltehcet s t he
foll opweerdt iaci patpprypbacasitdmedquandbifalomphaeessonceptu

iteséensgring that the app was both scientifically
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The workfl owpireswindweal liyw Figure 1.

Conceptualization  Focus group Development Testingina
with students of the app Radomized
Controlled Trial

Figure 1. Wdmikpdl mgweiocfattihoen devel opment .
3.3C@ntgeptualization

The prototypbnivpdmgp ewafcdmeeptual i zed by the
Uni versi thyetoMeemarlmamuamwy tdand hkumeé m2®24 providing it
practical tool to support healthier and more sust:
the conceptualization was i nfor medelbdy tao fiodceunsteidf y

common featurenHealpgfhhiecexiemsnagnd their effective

The search was conducted in major scientific data
t heombi rmat ikbcenywords such as fAmHealt ho, Amobil e ap
techniques?o. Pri-oevitgwed samgt wredneiseovaspa@ elri t er atur e

within | aFsrtonl Ot hyee aocrust.s et |, the conceptualizatio

Techn(iBgQifea x on o m¥,9 veln sua s aa@c it diteioosnt  oeff ftelced i ve feat ur
literature with the corresponding mechani sms of
foundation for subsequent delWnelpdpamecatnd Bhseed ean ut
in previous -spudbmris phdemphewansocskhar ed with the comput
the University of Parma to verify its feasiithsi| it
i mpl erme rotn
3.3Fdc@s group with students

As secomntheplhappe devel omglmertgni mypplrwed ha tdho ough

A convenience sampl e of Ilt&n2aiYaena rusn iovledr swetrye srteucdreun
di spl ayed on university notice bobhndsyi émali $§snotan
students at the University todulpBnatrtnmae oprr i antct gpratd h a gn
st udeyr e exTchleudeend.i re session | asted approxi mately
gui de devel oped by the research team in coll abora

strategies to promote heal tSuyp pe¢ ®@tmemd aamom@ateni aeé

content of the guide was specifically tailored tc
target popul ati on, the overall structure offi darhe f
procedures were informed by established methodol o
engagement . Based on this framework, the focus gr
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moderator and one facilitator) were trained to or
suggested by Haddaway et al . (2017) [20], ensurin
standards in thei cihed usce&a soifo @ chceer ddeids caursds transcr i b
analAstsematic analysis was co-dduwveadappltbawhng Tw
independently reviewed the transcripts, generat ec
Codes were then grouped into broader themes thro
t hemes bwerqaent |l y used to inform the iterative de:
content, funcitntoenf acey , dasnnidgmuseThi s ensured that
the devel opment process foll owEdraeaghtgmastcoand
were summari zed, and thhes heehl i ghewdsdeilThgd maswedac
feedbWam&ed to redpliikee fioterselgatoa r ewaearahpracvwe diblwy
institutional review board (Research Ethics Board
to the ethical principles stated in the Declarati
who voluntaritithfeopamst igciopagt ed airn i ccioprapnetnss adkii omonorr e
f or ptahretiirci pati on

3.3D2veél opment of the app

The cont entUndiepsdipghne wafs tghud ded by the iinitial c
feedback. The app was developed in different sect
BCTs reportedThee aphe iilmndleucedrmmodulfeosr waorrd dnaecially phl
seasonal shopping |ists, a sustainable recipe dat
me al , which wil |l b e Redsewslctrsi. Gshadc thipopndse r abiaded ewmd e
curated by the team of nutritionists acco[r2dli;ng22t]o
and gl opb2a8]Toeevedhance the user experience, expert
devel opment Aroeemsofr opmythel ®gipatr $ ment of Psych:
Mi | 8n @ cacscsa st ed i n tail orihreqtlithhe mesabdggngwof ht hae
profSilnrecse the objective was tnmkd npp orrto csetswsceesn tfsori
purchase of healthier and more sustainable produc
maki ng Thty llaaget egrener al ly conceptualized as recurr
emerge when a dedilsicapp ihiemp le e nheéem td @ tai | pi Babn] vtehres i Genn e
Deci-Blakbinng Style I nventory ( GDMS$9 P[52d6ehvse | aodpoepdt ebdy, S

assesses a broamdkiaggerokentdatienen The inventory
(dec-makbng grounded in analytical reasoning and ¢
primarilpwgbdyameehffective impressions), spont anec

dependent (a tendency to seek advice and reassur al
to postpone or del ay decipsitPosfaaitlilt athee praosfti |
considering theodmoeluamteinemdbeéethween t he [ R2Bljuhéseet v

di mensions were combined into a diongl @dipt-diidniciteg erc
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profil es. Each informational tip, whether focused
to align with the specific profile, modul ating bo

the case of thepiotiuiéeéjvempphant anewass placed on t

experiential aspects of dishes, whereas for the r
environment al i mpact and prevehbugseshkbhabkesh fWwaccar
automatically within the platfomaki mgspmogafeidl e,acthh
them to their corresponding set of personalized d

As part of the devel opment team, a chef and a

set of recipes previously whef icrodd albywyranetd@hoer dgiha

approach was adopted to ensure both the visual a [
recipe was analyzed in terms of nutritional val u
i mpact s (i .e.er cfaoc dtomr iaartd wasti ng, respectivel vy,

Epi demi ol ogi c4gl28fduci eesstiaseltt @aloyl ecting greenhous
to the production and the subsequent steps[ 28] the
Al'l the redipés meat s and their sustainability was
Values of Nutrients and en[e2ajyd ftolre tihmpg a dtad ii aaghg ¢ata
gui delines for promoting sustainabldeveilepedatducamt
EATABLE LI FE pmaxeeumf 9] 10i00e g, CO eq pmiGt tved drh
di fferent nutritional needs of students and the

di sorders, often exacerbated by the increasingly

nutrients, ingesdwenésseguabased on an average dai

—

adju amounts to their hunger whi Recmpestareri pgo
s or dinner options within a weekly menu,
s and starchy f omasedudl(ll2.dheT hiene atphpe all tl adlwieadn

alize the menu by replacing dishes with n

s
|l unch
ur c
o}

> @O @

s
per s
compliance with the dietary guidelines. Btrerakiact
terface was desi.gnfeod |bopve mlge ruckmramonsi pl &s and |
Il aboration with the devel opment team. Most sui

teraction and enhance usability famgd apwercal lweu e |

o -5 O -5 o oo O

summari ze various educational content and thus

Theni pépgpt é s struct wreads eusiamrg ha tvedoatreimtte .e nT hues i g

—
(¢

chnol ogies such as React with TypeScript, while
and PHP are widely supported and usedrvyver reammazmei
uses encryptoeprmeesdgegi vacy and integri Ay Refaict he
app cannot be deployed as a standal one app on any
This is why Apache Cortdhiibna pd mp a&losrad orveae d esd at o rdaenpelv

bridge between a web app and a standal one app pro

89



work as a mobil e app: nHdreipe ndemtta iwrarp pier a hmlta tefnacra

in a standal one browser. Therefore, t he same web
Andr oi d, Aamrod hWeb).undament al el ement for the devel
fact, one of the main features of the app is auto
of an existing one, i s r euqtueess ttetde bmge ntuh er ecd o nenmet n, d e
resul t to the <c¢client. Therefore, the menu gener a
reasonabl e amount of time. The problem has been t
tén Prolog |l anguage with Constraint Logic Programm
Anot her important aspect of the development of tF
retrieved from the server every time the app is |

both user data amd iaopmlcacmtndretnt (i re.ci ks and ti
accessed by server only. Using this approach, it
consistently update the corrbaepapdingithbdbot mabheon
app uplsriandge.t he database to store wuser data has

synchronize all the userés progress and preferenc:
with this dattahltchapdépthon galasd -deey i &« emswlptpif f i i ent to
di fferent device and user data wil/ be i mported f

33. 2T8sting in a Randomized Controlled Trial

Once developed and refined wagtrho uspu gogfe ssttiuodnesn tcsc
al2ve e kasn dP mGoma d ©rlila@E€CTH egi st ered at Clinical Trial s.
Mar ch 2024 yeetfoe cateibvedsmsieegdsmifpe o mot i ng healthy and sus
among university students, conslindetrhiinsg stthued yf,i btehre
intervention for 6 weeks and its impact in terms
intervention (i.e.up weerki @&6d waintdh ad ttAstr mea sdempo In(dia.rey. ,
user app access aday uswar e xweas edicwdk etdhleX)i nt er vent i c
groups at differehe tnmervypyentmiten group, t hese out
intervention pwehriiltodiei( wweRktkwdbfktgerroutphe eunpg pdérittaed w
14909 give themptphme tbhetsyuthewas eapphétwmadadgwan

extensive questionnaire specifically developed f
grouped into three categories: i) ;pdaiitpd Hgeeatnudr ere .(
UX and |l ifestyle consequences were investigated

satisfaction with (tMed i ms e tuosfa Inapkbeadhl®t2(L)i akpeprst s cal e

n

di sagree"” to Strongly agree" for all it ems. The
except for the scale appbkeeti bo thatnwgaterte goefe sgd
hoc i temst hikai pb® mfgeda ttuor es wer e admini stered, inclu

l' i king and frequency of euRETafdys waci taipgp rBpieiadably t
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Commi ttee of the Are®@28%d@%tca o miJluineen dd S, adn2d02cdtoet d  anc «
et hical principles stated in the Declaration of

i nvol ved .i nl hteeeR@ltnsade/r ni ng t he csh aargee sp ri ens an ted darsyu
t he st udBr cemmatiitng dheial t hy and sustainabl e -hdeiaelttsh i

application: a r aon dpornei szeendt ecdo nitnr otl HLiksd 2)d@.orcitaolr al t he s

3. 3R8sul t s

333.Clonceptualization

Each funct iwans ocfontcheed vemplp t o operationalize spe
alignment bet ween behavioral( TmddTearia)usgrts saynsdt eanpapt i f
using the BCT Taxonomy vi1, the final prototype in
and more balanced distribution than Twhatmoisd trypire
cl uateagr@sal s & pl anning, feedback & monit orrefnlgege tn at
an emphasiegubdmts einf awareness of oOutAdomére, same mo
app incorporates |l ess commonly used but theoretic
compari son befhaciutbcomant ecedent s, associations, ar
underrepresented in commerci al tools des mi tael hteh ein
Within the Home section, daily tracking of fruit,
such -mensebfing of behavior (2.3), feedback on be
These technigues support users in observing their

adjusting their goal spevéwurtihme. embedr 8CCatsi ngl Gdaie
social, and environment al consequences (5.1, 5. 2,
choices and strengthening motivati on dthirmru,ght iencw
menu planner is grounded in action planning (1. 4

intentions into.concrete, feasible plans
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TablWnilpd mp ef eatures aligned with the corresponding Behavioral Change Techniques

. . Cluster Clust Cluste Clust Clust Clust Clust
Uni pl Linked Clust Clust Clust Clust
1 2 5 6 10 12 13
Secti Featur
1.1 1.. 1.¢1. 1.¢2..2.. 4.1 5. 5. .5..6..6.: 7.1 8. 2 9.1 10. 10. 12.1 13. 13.
LogirProfile n n
Goal s t n n n
Ho me
Daily n n n
Eat Menu pl n n n n
Shoppin n
Buy Seasonce
n n
cal end
Recipe n n n
Reci p
User r & n n n
Educati
Learrtr n n n n
conten
Badges n n n
Noti fic n
Profi -
Per sona
n

managen

The table includes the following BCTs clustiGoal andndh®Pl anobngespohdidhggcampoGent sethnhni
planning, 1.BFeeldla)c k Canudsukkarmi®t @r. i2n d eienddlac kmoann d olr @ magv iod r jbSelthaa@vi i 1®@ |; K n®lwil setdegre 4i ncl udi ng 4.
perform a behidhitarr;al ClCosntseerqusences including 5.1 | nf ornmsaetqgiuoenn caelsqut5.IBe allntfho ramarn s eequ eanbcoeust
consequenckeGg mgd ruissen ®&f Behavior including 6.1 DemontAgsaddioat iodng hien dlethdaiviiigRrelp.eB .iRridmzxti S
an®ubstitution including 8i.Chmpalrdwionr odu bOwttictourteiso n ;n cCluidRidnega r IR 1a nQlr elchirbelag 9 owrl cueds ;n gC 11W0s. t2e |
10.4 Soci al mMaAwaedpd€E€hust enctldd tnign d 2t. He Reky#hi cdahnt behwaivholrydiChagst@rl183denti fication of s
change behavior.
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The automatic generation of nutritionally bal an:

environment (12.1), as it modifies t heTlerh 0By saecctl
incorporates associative | earning (8. 2) and pr omy
seasonal food calendar. Within the Recipes sectio
on how tobpbafvoom {(Hel), demonstration of the beh
section operationali zes shaping knowl edge (5. 1)
educational content and per somualciese d 9QRAmaech Th é np men

—

e learn section further str emagktihnegn.s Rirnuasltl ya,n dt hse

t egr atreesl aitdeedn tBQTys such as identification of sel

h
n
hanged BebBavibdbrouUyh the badge system for goals a
nd prompts/ cues (7.1), supporting cont i nadncye potf
S

SR N 9

someone who makes healthier and more sustainab

333.F20cus group findings

The focus group involved 7 Iltalian(memarnveagdtd6
2.6 years), comprising 3 6oeomnleebmeosgrampdhi ¢ dnatl & s we FF
Suppl ement alrayp | MBartbebrfilayl,s dsit wedresnet sa chaadde mi ¢ backgr oun
food science and technology (n=2), medicine -and s
oft own stRwdeat swoudkeswrtsweraendal ways pr epaAlilngf dlhleawed

omni vorous diet. Six had deepened their knowl edg
individual study, and three hadPa@rrteivd iopuasrdtys comnrmsail s
that fatigue, strassdarameér sowomatdiowat ngn he alftt heyn

resulting in iSwpcuilasli vifen fobneuhgeraeosdse.scr i bed asdacéddort
individual will poweri.FaAs gurre parrteiscsi,pamtd nadttad,e |
the shopping | ed( Rb) ,unlhieraditrhgy erhmtiicemsal states to
the informaticanabkagap: eat healthy, but itds hard
sustai (PE)d.nvteyfomeli yj t awe me if chenn tdniafei eeade sis e aolbfe mtefa t s
associ étad da nweiet m u tsreintsieo rifn acoohnt prito@ o o0 6 h yrb endd wrdyjasn d o m

choiGnes part i chikKpnaonwi nsgt attheadt: a heal thy di et has posi

heal tR2YD. Economic and practic,alsuwcomoansherché onn Db e:
affordabil it yflanhawea sitmadrneadbsdd ttyhe consumption of
and fish and ar(ePBradgnt ® goinmameloy relied on onl
education and sustainability, butAst ben®e pamammcelpan
nOn soci al media there are conflicting informat:i

di sinfo(rhha)t,i omioghl i ghting the need fDesgtimadtur @d |
experience with diet gray tmHd glatnht st edcelmmomlisa g theass @ d a n
di gital interventions, outlining prracitse i @amde st dti

the i mpdrtexn dd-pomaandr nptni ve suggestions, practical
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Nt egratedanuedi vathboaoll goal setting with pilofgr es:

there was an app that gives ideas and suggestions
(P2), while another emphasfiZzed Bpbe mbobuvVdt poopbse
people to change their eating habits. KRE£pedbatka
on mdaekup sesktheiapp further refi hledsddteisen e xptewcd aearti

he inclusion of brief news items addressing the i

—

ntakerobain foaddgioupgrati on of Thpgthadseicctalo na cetliiwvcii

specific suggestions beyond the request for fl exi

3.3UBi pl ate app features overview

The Home( Biegptriozvhh des daily tips andeallyowyg o e
guestion ADiIi d ylonm &daoiwt?iooardl F ivtgiei reed 9fedcdtld iorn dai |y con
okel ectaeddfdodsary habits (i. e, Golhbdsedfguihedeldiaryé
ab) . Throughout the week,f usietr, s vaqe tmanlidd sl,e aw Hali ee
wel | astieteakke and breakfast habits (Fig. 2c).

o AGGIORNA
Oggihal fatto colazions>
‘ ‘ AGGIORNA ’
’ Quanta acqua hai bevuto oggi?
’ LEGGI DI Pl ' I tuol consumi settimanali @ |’
Lo sapevi?
BICCHIERI MEDI (200 ML)
- 3 +
Obiettivi del giorno @ T
13
BORRACCE (500 ML)
- 1+
o ANNULLA CONFERMA
AGGIORNA
SETTIM,
3i bevuts due litri di acqua
ogsl?

Figure 2. Home section.-tfarkbaigly(c)pMoamdogoalgs; (b) Self

The Eat Fs gataloln®d)Ms users to plan their weekl vy
recommendati ons for protein sourcesbanad sqg@heédlyi
Uni pdmpgaendomly suggests recipes for both | unch and
a grid (i.e., Your weekly calendar ) faRiadn daokn od woierg g
andr op $(eFRail3ayy.re At the bottom of this section, user

(i1 .e., Your weekly menu), access the ingredients
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terms of protein an8&)carbohydrate sources (Fig
Formali zing menu generation as a Constraint Sat
giving a resumée. aTlmestestal made hadfitpirpeptemd | denedl @
expected results, and the App provides the user w
algorithm has two)ompd ed eofmempe rgaetnieam:hiten mobde i Be
when an existing gener at e ddanye nouf itsh enmy etedkde)phl eadod see
when the user select thpeoBbRamdcdemo dfi ddteureatt g &l
re plmecneta osfimegalle wd X ihs tainmeg osnetem facilitates meal
mani pulyaBtgernf or rainvitlg o® dreag ur e, the user can exchaea
di fferent days, ef f ecTthevetlwo udidfaft d rnggn tt hmo dreesa | s hpd re
which uses abastdofonl eg@gincumplte ®osn frequencif[exsl]s.ugg

Therefore, it can provide a coherent result when
The Eat section includes a Aswitch buttondo, repre:
suggested by the generator. When users do not [

corresponding r ecinpge twhiet hs aammeo tphreort eoinne ssochuarrcie of t

Il tuo calendario settimanale 3 5
Il tuo men settimanale

L M M G v

® 7 =
Lunedi

* e 7 e ’

PRANZO l

le tue fonti proteiche per comporre il tuo
inale, oppure lascia che venga generato

pairy

0y

Il tuo menu settimanale Polpette di fagioli rossi e patata
dolce con insalata di finocchio

-* (e
Lunedi

PRANZO

0 & O 9
a b
Figure 3. Eat section. (a) Menu generation; (b) Weekly menu.

The Buy (Begftundept i ons as a grocery IBiyisddk elnignikgetd it o
i ngr eadrasuntosmaddaead |tyo t he Buys tlsemrgii(fing | igéedn)e rtait d tn gc
edited by modifying quantities or adding items (F

of seasonal fruits and vegetables (Fig. 4c).
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Frutta e verdura di stagione

Frutta e verdura di stagione

La spesa della settimana

L «of )

Kale

Radicchio rosso

¥ s i

Indivia
Aghiotfruttaeverdura)

1spicchio

Aggiungi un elemento alla tua
spesa

Aranciatfrotteeverdarat Rapee Spinaci Asparagi

150 (circa 1) barbabietole
Carote
Asparagi verdi (fruttae ‘\ * *
verdura)
160g Biete Cicoria Cime dirapa
Fagioli horlottll loom (cereali, $ Q. "G
tuberi, alimenti in scatola)
1g Broccoli Carciofi Cavoletti
bruxelles

Cavolfiori Verza Cavolo
cappuccio

o Q

0O

Figure 4. Buy section. (a) Shopping list; (b) Adding el ement

The Reci pes gpetcdt)dromn al | di shes nusae dc,oiokdmeorkhabkeaeb
keywomnmdssi ng theprfotleaiemses hurcakf abser saFcan e 5a¢ci pes

five sthirgsc@lhe and see the average user rating (

Serch Search Q

FILTRA PER

* 7 " 4

/- RICETTE CON PESCE X

Ti & piaciuta questa ricetta?

QAN.N!LIA QMEEEMA

INSALATA DI FARRO CON VERDURE E

GAMBERETTI
POLPETTE DI FAGIOLI ROSSI E PATATA

DOLCE CON INSALATA DI FINOCCHIO

' & & & &

5 Valutazioni SCOPRI

* % d &k
2 Valutazioni

0

0

Figure 5. Recipes section. (a) Cookbook; (b)) Recipe rating;

Finally,( Ftihgee dfigiaom provi desn eldeaalat hynahd co@&@aitnalt
96



f or.maThe

key

Componi un pasto sano

Il "Piatto del Mangiar Sanc" ti aiuta a creare
pasti nutrizionalmente equilibrati. Il Piatto &
diviso in sezioni di dimensioni diverse che
riflettono la quantita di cibo rappresentata, La
porzione piii grande del piatto (1/2 del piatto) &
costituitada verdura e frutta, mentre i cereali
integrali e le fonti di proteine costituiscono
rispettivamente 1/ del piatto. A questi vanno
aggiunti olio evo per condire e acqua!

Oltre amangiare bene, & essenziale seguire uno

sect

stile di vita attivo ogni giorno!
licca su ogni sezione del piatto per saperne di

Figure 6.

I n additi on

Learn

i on al so

Componi un pasto sano

|l *Piatto del Mangiar Sano" ti aiuta acreare
pasti nutrizionalmente equilibrati. Il Piatto &
diviso in sezioni di dimensioni diverse che
riflettono la quantita di cibo rappresentata. La
porzione pili grande del piatto (1/2 del piatto) &
costituita da verdura e frutta, mentre i cereali
integrali e le fonti di proteine costituiscono
rispettivamente 1/4 del piatto. A guesti vanno
aggiunti olio evo per condire e acqua!

Qltre a mangiare bene, € essenziale seguire uno
stile di vita attivo ogni giorno!

section.

t he

to edit personal i
and daily wuse

goal s, recipes, et c.
when users

IL SECCHIONE

Figure 7.
33.43 . User
Out of

t he i
system |

t he

exper.i
tot al
ntervention
0gs

MASTERCHEF

Badges

ence

ncl

c canmneda hisncfeor mat i tomr o ©d e ntii owal

FRUTTA
E VERDURA

< Frutta o Verdura # >
& g
o | »
o
= fomes

Scopri di piu sull'alimentazione sana e
sostenibile

PERCHE MANGIARE SANO E SOSTENIBILE?  =>

‘CONOSCI I GRUPPI ALIMENTAR| 2>

‘ 'SCOPRILA PIRAMIDE ALIMENTARE - ‘
L —

(a,b) |

Prof

nf ormati on.

As an

sampl e of 56

group
recor déldO)a dmeeyds amf

C

|l e page all

cogopll st eft hdealclurs ent

N4

|L SOLDATO
DELLA SALUTE

and

usdeevse raanl

i i nets$ eorgyanoet ¢ lvireenshreda 2

presentat.i

PERCHE MANGIARE SANO E
SOSTENIBILE?

ESPANDITUTTO =
Perché cambiare le mie abitudini? ~ I’

Che cosa si intende per dieta varia
ed equilibrata?

Che cosa significa mangiare sano
-
ed equilibrato?

Mangiare sano ed equilibrato significa abbinare
correttamente e variare il pill possibile gli
alimenti al fine di assumere tutti i nutrienti
necessari al corretto funzionamento
dell'organismo.

Ad eccezione di patologie, allergie o
intolleranze diagnosticate, nessun alimento va
escluso!

Non ci sono alimenti buoni o cattivi, tutti
possono essere assunti nel rispetto delle
porzioni e frequenze di consumo consigliate.
Nen ci sono alimenti buoni o cattivi, tutti

possono essere assunti nel rispetto delle
rzioni e frequenze di consumo consigliate.
——

nteracti ve

Badges

exampl e,

d

Heal t hy PI

oOWwWS users

wer e

of ntkleel app,a spekibbadgd uinctliion

one of

day.

LAPPASSIONATO

participants213i8nst
1@ e fitmhh & hogeu ecsotnit a o a igrr eo u:
(U QR,)2 wifd &8i (y3madc as

97

desi



maiUX results are reported bel ow.

Overall, Usag s essast e-pbofi@anctt aloiBkas t hisgha,l ewi t h 89 % «
reporting a score greater than 4. W dhta hbAtsss pgouv
il 1l ustrasBed hien aFpipgureecei ved high scores (4 or 5 on
of users found it intuiéeaxplegnart9 ye.njFowratbH eer, moarned, 9
they would recommend ndgadaigpyeersi Réhg&r df nges pendsat s

t he amgmntsiumeé nga A7 % odriidngn,ot perceive it as intrus

50 40 10 0 10 20 30 40

Intuitive
Enjoyable
Self-explanatory

Recommendable

Time-consuming

Intrusive

30 20

Figure 8. Diverging stacked bar chart RBRérowe migad de -@oisntra deird i
Likert scale, where colors represent the | evébrefy)agagemen(g
and strongly agree (blue).

The i mpact of the use of the App i n-ptodarnms Ldfkelritf e
shown asf mehaen taondl des@mimptleed i n Figure 9. The symme

consistent trend across all the di mensions consi
goaktting support, di etary hawbed sefifmpaotoivieeaneead g . r e
i mprovement appears slightly higher, the mean sco
This suggests that the app had a | imited overal/l
hal t hy dire tast |l east t he wuser .Rienrdiemnpgs ofnrucon | tiskuéc R (
combinathownr odi t4dary recall s, fornidndo meagqukéheygi daes
the app's actual efficacy in facilitating dietary
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Motivational Impact
5

3®
Dietary habits Benefit Awareness
Improvement 2
¢ L
1
¢ .
Goal-Setting Support Practical Insight
Figure 9. Radar chart showing the | ifestyle consequences aft

Finaladysodihat ifore guethwegyerdmf use and the permnssievsedl
thropoh nd L ivkeerret vsicsaulael,imadg d i ks i(rFg gaurzex 22 0) .

Frequency of use

P Liking

A Tips Goals Self-tracking + Menu generator - Shopping list + Seasonal calendar

Figure 10. 2x2 matrix reporting the association bdtfeaemtt he
app sections.

As il lustrated, "tips' emerged as the most favor e
''goal s' , '"seasonal calRegdadl-thrgaadidiert h'e d mte ntuh gg e'netr
receiving |liking scalewesi Mmi kb gwaesh oyegbofretvesde.e at ur e s

33.D4i scussion

ThmHeal th applications have gathered greater a
and i mprove p[e3o0p;leedydsd cli iafl d syt yilne di gi t al native gen
However, mo st mHeal th applications f[aZkE ducgihngattth

l ovgrm eWwhiclacyombined with persistent misinfor ma
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age) among the EU popul ation segments wit[hh.6t]fe | o
mitigate thiscemrtelbrleaddm,delsli mann B@ Pa&roea ¢ h e s o[nthd@$hedde do n
I nternational Organi zation feguiStamdardi aadi arecQ|
humaenter design principles and aédtaiswidt ii emgd etolarcd u g
[ 3Fhdecument outlined madrnmsusers drmg &@medmarcte, | iomagl
both the context of usdckesaingdn uspepr maecechd sover stthrd veeo
and the definitionruoft heomepersus nserdisonglinary
enhance and-l hati hgt aheradsgid] BdaBticlpr 8 7] .

| hhis ,cotnhte xitnvol vement of a multidisciplinary

roups, and preliminary RCT testidegigoildeand misedal, y

<

i deased diQ@ddteasli ghowli th students played a centr

Q
—

ticipants directly influenced the refinement o
nning, and motivational btaeddg eisn tThhee spei ldoets i dgant ac
sability ratings and no malmoraddedicemac dlirneaialt ur e
ut rmile alnt h applicatiomajoonsiysbpéntlvyaiarheb Weed ridnaeertc i
roducts dewalsep ald sfadgrhletrh @ dhran as resear BETarnet er v
rarely embedded intentionally during devel opment
coding ahabppebeaftutceacdnkeircg adpps edndevédlesad
w behavioral -momniftibepidganli Inatiedplbgmesretd ¢d t hr ot
tra i agd | bpgasiect beaglal |y consists of predefined t
t |l oss objectives, or step counts, often gen

c
0
c k
wei gh
behavi dr3a8l; RWitdnadmdet hi s broader | andwaapienf ohme
h
c
c
s
a

or
by the recurring | imitations highlighted in exist
directly inspired its design, the predominance o
scar
appbé
me c h

€ i ntuecgartaitonoanl oofr esdust ainability oriented co
conceptual direction and to prikbloi¢izempla
nsiuscniis ,as concretedeetappdpbéalgeas ngeei ng onesel
eat er 69U p phoarbtiitngh d miatt mmas neaxtpil o nc,i t educati omale con
rarely integnatedtbwastdesbghhi s retrospective met h
a prospecitnfver madcheotrryat egy: the app was intention
behavior change techniqgues f raomr otshse nouu ttsi eptl,e wil tuh
seldgul ation, planning, identity, and knowl edge s

Fromeahmpoicmal fodatvuriwggr aecl me mbrls,e da chogltcge mg i
for menu gener adriiomen amant dkaptracbvacstea gsmemtt i a l for
consistentlyj menpblrbepngakrieaati on and dynamic updat
Compared with existing digictaallordiiee tcaoruyn tti onogl sa,n dw hfi
primary interaction model, often emphasi zZRieowg enwsme

of di et -laonsds waepipgshtnot e t hat many popul ar tools pri
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|l i mited educational scaff ol di[n3dg0 ; Br# 1¢pmp mowed rt merith gs
buil ding, practical skills ( meérd | @i amgnifre@tamaess g
and badges) over Unhdéema pgicd potrs ed e dtw @& tsid o n a lc oarpbp rnoeasc |
evideased nutrition content, contextatayli g epersausn al
t o fuossetyesedhp ower me retf faincdacsyel fBy prioritizing knowl e
as menu planning andemshaompeimg,f eaatdurceoosnfliidlesancger s oo
mere calorie totals, thevepprackmsngot ehixrbhd k iurege.r §
Through actionabl e menus, seasonality cues, and t
of calotiréeéc appgo-mhagnhdmaplrtohnyotaend sus.t ai nable eating

Despite the robustness of t he met hodFoilrosgty,, tsh

gualitative phase involved a single focus group w
mul tiple sessions, recruitment proved challenging
of i ncentilvuenst aarnyd ntahteurveo of partici pation. Whil e t
co design, it inevitably I imits the breAddiht iodn alel
t he l i mitedicddemr si thyackigetoamydEe@.agntder hde absence
per spenmcayi viessyy)e hindered a comprehensi ve wrddertsthagn
heal thy and susThisxabhekfobdheéanbeiogeneity | ikely
available for theter enfaipgpke mantl yof t okke pUeiéplcpbnr by

contro( ewouwenalks have been insufficient for the :
Consequentl vy, whil e participants expressed high

captured sust ai ateedr mr edfileet.catriyo ncsh aonng elso n g

3. xomclusions and future perspectives

This study outlines the paramcindaadalbtrly dpplkioar
healthy and sustainable dietary behdeisogs amoihg st
mul tidisciplinary expertise, and the syt eooetdec i
beyond-coalndriingg tools to offer a comprehensive e
evi deased contteinme paenrdsPiinéaalti ztad s toinng s howed high wu
satisfaction, -usenf iimmiody etmeantt deérmd oughout the proc
perceived i mpactunadorerlsicfoa setsy Iteh ectheampmpoeaestvfanl aat 6 ©al. b g
work offers a replicable modeldefsomgnmHe alanls pianeat\
and emphasis onbeidudiang onmahnhet ckinhd akbhe. Resear
to adopt sthamdarnydimeed i €esa objective -dp ep aff utowrset c (
refinements will focus on i mproved navigation, enl

on usage data and feedback.
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Suppl ementary Material s

S1IEocus group script for the devel opment of a mobi

Durata da 1, 30h a massi mo 2h

L'"obiettivo generale di questo studio 1l o svilup
attraverso un approccio educativo, nella composi z|
alimentar.i pi ¥ virtuose.

L'"obiettivo primario dei foculségsahbipl itgqueil ogdadr
criticit”™ della applicazione mobile proposta, ol't
of ferti per supportare gli studenti nell dadozione
L'"obiettivo secondario  quello di i ndagare| | e |
all 6interfaccia propost a.

Partecipanti: student. del Il 6Universit”™ degl:] Stud
regol armente.

Le sezioni sono numerate (da O a 5) mentre i comm

0O)ACCOGLI ENZA: REGOLE GENERALI

Per prima cosa, il moderatore presenta il collabo
ri cerca. I n secondo | uogo, informa i partecipant.
ritirarsi i n ;gquanloditasei, nrmomenntsac)e al cune indicazi ol
acqua, di ricorrere a servizi igienici, ecc.).

1 moderatore consegna ai partecipant. il consens
aver ricevuto il l oro consenso alla partecipazio
affinch® sia comptiésasio daedipaalleedg ptamtl) .
Successivamente, si ricorda ai partecipanti <che a
presente per il |l oro tempo e i mpeghno.
ARompighiaccioo: giro di tavolo con i partecipant |
Buongiorno, benvenuti a questo focus group.
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Come anticipato, sSi amo ricercator.i del | 6uni t” di

promuovere diete sane e sostenibili tra gli.i stude
Oggi wvorrei parl are cepnsvenidilali mentazione sana
Non ~ undintervista individuale ma una discussion

|l a propria opinione.
Prima di tutto vorrei fare un giro di presentazio
Domanda RompugHi acdiaoc:ri cetta pi% buona che abbiat

I n che contesto | 6hai preparata? Da solb o in com

ALI MENTAZI ONE SANA E SOSTENI BI LE

1.Cosa significa per voi mangi are sano e sostenibi
2.Ritenete di mangiare in modo sano?

3.Ri tenete di mangiare in modo sostenibile?

4 Ritenete che |l a vostra alimentazionel sim@meglaimbi a

peggi o?

5.Che fattori hanno contribuito a cambiare | a vost
6. Quali sono i fattori che wvi i mpedi scono di mangi
7.Ci sono invece fattori c¢che vi facilitano mangi al

EDUCAZI ONE ALI MENTARE

11Ri tenete di essere suffici eanltienmmeennttaez iionnfeo r@mmantlaii es u
sono |l e principali font.i da cui ottenete | e info
12Ri tenete di dover ricevere pi % i naloirmeanzti azniio nrei ¢
sosteNebl be8pecifico, quali sono gli argomenti d
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13Conoscete | a Broggvpe @ gaizi amiede®?2!1 |l a finalit”™ dell

140ra inserite alléinterno della doppia piramide
Di scussione delle risposte

Mostrare | o schema della doppia piramide ali men

15Ci sono aspetti relativi a questa definizione
pi ¥ o meno in linea con questo modell o0?

16Qual.i sono gl el ement i che rendono il vQus alio
invece quel i che I o rendono vicino?

COOKI NG SKILLS

Ora parliamo di cucina.

17Vi piace cucinare?

18Ritenete di essere bravi in cucina?

19Quali sono |l e difficolt”™ che riscontri nel c
20Qual i ricette cucini pi %2 frequentemente e pe
21Quali tipi di cibi trovi pi ¥ difficild.i da cu
22Quando si tratta di prepararvi [ past. [ pi
23Come fate |l a spesa? La pianificate, seguite
24Quali sono | e difficolt”™ che incontrate nel
M-HEALTH

Ora affrontiamo il tema principale di questo f

25Conoscete -hidal$tirang aazi oone-hedalther mine m

26Utilizzate o avete wutilizzato applicazioni p
A chi ri sponde s3:
27Perch® | e avete utilizzate o | e wutilizzate?
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28Descrivete | e applicazioni che avete usato: g L

Quali sono |l e criticit”™? Cosa migliorereste?

29Le trovate o | e avete trovate UuUAvVvéiepertemamboa

Spiegate di che tipo.

30Perch® avete smesso di utilizzarl e?

A chi ri sponde no:

31Avete mai sentito | 6esigenza di cambiare | e vo
32Avete mai pensato o ritenete utile ricorrere a
poi scaricata? Se no, perch®?

33Prendereste in considerReroh®?| 06idea di scaric
A tutti

34Cosa ti spingerebbe a scaricare unbapp per mig
35Che funzionalit”™ vorreste che avesse unobapplic
UNI PR APP

Ora vi mostriamo una proposta di applicazione cl
abitudini al i mentar:i

Abbi amo pensato ad unbéapp suddivisa in 5 sezioni
T Una sezione Home

T Una sezione EAT per aiutare nella composi zione
f Una sezione BUY per aiutare nella |Iista dell a
T Una sezione RECIPES per suggerire ricette

f Una sezione LEARN per fornire contenut:i educat
Ora vi consegneremo dell e schede da compil are ( a
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39. Cosa vorreste ci fosse in ogni sezione?

Di scussione delle risposte

Presentazi-omedadalel 6 ampr k

40Qual | a vo®desari mptesai onefdna parol a.

41Pensi che potresti utilizzarl a nCelel acrviittiaaidi™ tyv
suo utilizzo?

42Cosa non vi pi ace dell dapp? Cosa vi piace e ri

43Cosa cambiereste e cosa aggiungereste dal punt

44Cosa cambiereste e cosa aggiungereste dal punt

| mmagi nate di dés seraemii ( osd:nsiumnegeri odo anal ogo i

45Pensate che unbéapplicazione del genere possa a

O pensate che possa solo essere una ulteriore

46Vorresti ricevere delle notifiche sui contenut

DOMANDE FI NALI E DEBRI EFI NG

Siamo or mai al termine di questa discussione.
47Ci sono argoment i chedirutehétzeoi shpomapehiicaiznomn
di consumo alimentare, seannde vostSemiclhi @il a Mo
Al l egato 1. Questionario sociodemografico
1 Quanti anni_ _hai ? _ _
2.ln qguale genere ti identifichi?
o Maschio
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o Femmina

o Non binario

o Altro
3.Qual =~ la tua nazionalit™?
o ltaliana

o Altro (per favore specificare)

4. Qual | a tua area disciplinare di studio?
o Architettura
o Discipline giuridiche
o Discipline umanistiche, sociali e delle impres
o Il ngegneri a
o Medicina e chirurgia
o Scienze agrarie
o Scienze degli ali menti
o0 Scienze della vita o della terra (ad esempi o,
o Scienze economiche e aziendal.
o Scienze farmaceutiche
o Scienze matematiche, fisiche e informatiche
o0 Studi pol itici e internazional:
O Scienze veterinarie
o Altro (per favore specificare) ____
5.Sei uno stwdadkeean?2 b fuori
Si
o No
6.Sei uno studentpo | avoratore/lavoratrice?
o S3
o No

7. Tioccupi personalmente di fare la spesa?

0 Sempre

0 Spesso

o Avolte

0 Raramente
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o Mai

8. Ti occupi personalmente di preparare i tuoi pasti?

0 Sempre

0 Spesso

o Avolte

0 Raramente
o Mai

9. Soffri di allergie, intolleranze o patologie che limitano le tue scelte alimentari®e Si per favore indica
che tipo di condizione.
o Si
o No

10. Ti consideri...

o Onnivoro (regime alimentare generico, prodott:.i
o Latvteoget ari ano (sono escl usi carne, pothamarip
come | atte, formaggio, yogurt e burro).

o0 Ovwegetariano (carne, poll ame, pesce e lattici
o Latotvoo vegetariano (sono escl usi carne, poll am
o Pescetariano (carne, pol | ame, l atticini e uovVva
o0 Vegano (sono escl usi carne, pollame, pesce, uo
o Fl exi{diredanaoa base vegetale con inclusione occ
o Altro (specificare)

11Nel tuo percorso di vita hai avuto modo di app
all 6ali mentazione sana e sostenibile?

o Si

o No

12Se hai ri sposto fASi o0 alla precedente domanda,
nutrizione e dell dalimentazione sana e sostenibi
o Approfondi mento individuale

o Cor si di studio universitar:i

0 Consul emrzoaf ecsosni oni sta della nutrizione

o Al t(rpeer favore specificare) ______
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13Ti sei ma i rivolto ad un professionista dell a n

o Si , mi rivolgo attual ment e
o Si , mi sono rivoltalo precedentemente
o No

Al l egat o A2t iBapmpEidaa Pi rami de

Partecipante: Piramide Ambiente

\ /
/ A\ /
/ N\ /
/ N\

Piramide Salute

CEREALI E DERIVAT) UovA, PESCE FRUTTA FRUTTA SECCA

FORMAGGI LATTE FERMENTATO GRASS ANIMALIE
- g a9 E SEN:I o g 7
. I o VERDILIRA —— ?EL-‘-' by L]
LEGLIRAI CARNE - r MO TROPICALI —
CARNE ROSSA POLLAME
PIIDEE;A‘IA A y:l-‘: i nulg;::‘n.::rl
& » & o7 " I
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Al l egato 3: Doppia piramide alimentare

La figura che segue rappresenta |l a doppia piramid:¢
alimentari sono posizionati in base al | oro i mpat:t
di sinistra iendiavreir ssio ngor uppopsii zailoinmat i in lLivell:i S
cardiovascol ar e: gl i al i ment i pi % protettiwvi S i
eccessi vo si associa ad un aumeaho del tisehli o ¢
rappresentat.i sono quelli tipici del |l 6area medi t
|l egato agl. stili alimentar:i tradizional.i dbeir Pae
gl i al i ment i | ocal i, stagional i, freschi e mini ma
e gl i alimenti tradizionali. Questo modell o al i me
-numer osi alimenti vegetal.] (frutta, verdura, panece
-olio d"oliva come principale fonte di grassi;

-prodottdadeadrtii efooprattutto yogurt e formaggi o) ;

-pesce e pollame in quantit”™ moderat e;

-fino a quattro uova alla settimana;

-una quantit”™ ridotta di carne rossa;

-un consumo occasionale di dol ci;

-una moderata quantit”™ di vino, da consumarsi sopTf
L6i mmagine vuole di mostrare che agli alimenti <che
tendenzial mente un minor impatto sul cli ma.

Figura 1. Doppia piramide alimentare e ambientale sviluppata dal Barilla Center for Food and Nutrition nel

2021.
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