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Abstract
Background

Plant-based imitations are new innovative food products designed to mimic
the taste, texture, and appearance of animal-based products. They are typically
made from ingredients like soy, wheat, or pea protein. Examples include
imitations burgers, cheese, or sausages. While consumers are gradually
choosing plant-based meat and dairy replacements, the nutritional quality and
capability of these foods to serve as adequate substitutes is still under
discussion and more research is needed to understand the nutritional quality
but also the long-term health effects of plant-based analogs. Food composition
databases (FCDBs) are tools that provide detailed information on the
nutritional information of foods. They are used for various purposes related to
nutrition, including determining population's nutritional status, researching
diet-disease links and food industry processes such as nutritional labeling or
food reformulation. The Greek Branded Food Composition Database (HelTH),
is an example of a branded food composition database that includes data on
4002 products, since 2020.

Aim of the study

The purpose of this study is to update and expand HelTH’s data, mapping the
currently available meat and dairy imitations in Greece. The expansion is
conducted by describing these meat and dairy products in terms of their
content, including ingredients, nutrition or environmental claims, quality
indicators, and their nutritional composition, both collectively and according
to the alternative protein source that is the primary component of each product.
Thus, the main aim is to compare these products' nutritional profiles between
the different categories that result but also to those of their counterparts that
are based on animal products. As part of a comparison of their nutritional
composition with that of their counterparts, the food profiling system known
as Nutri-Score is utilized to enrich the differences between the two in a way
that is both straightforward and visually presented. The research also includes
the development of a supplementary questionnaire- not the current study's top



priority-but its purpose is to record the attitudes and impressions of Greek
consumers to plant-based imitation products.

Methods

The data collection process for this study is a crucial aspect of the research
methodology. The information derived from each individual product package
is used to gather detailed information on the food products being studied. The
food data is organized and categorized using the Langual and EuroFIR food
description and classification system. The information is recorded in Excel
spreadsheets, which allows for easy organization and management of the data.
To provide additional information and increase the validity of the study, new
describing factors were included as part of the expansion procedure. These
factors are chosen based on their relevance to the protein source and their
ability to provide a more comprehensive understanding of the data. The Nutri-
Score nutrient profiling system, macronutrient composition, nutrition claims,
and package quality characteristics are all evaluated for all products. The Nutri-
Score system is a widely recognized tool for assessing the nutritional quality of
food products, and the examination of macronutrient composition, nutrition
claims, and package quality characteristics provides a more holistic
understanding of the products. Finally, the statistical analysis is conducted
using the software IBM SPSS Statistics®, for comparisons and distributions
assessment.

Results

Their primary component, nutritional composition and promotion as a healthy,
nutrient-dense food were detailed, and their total nutritional quality was rated
using the Nutri-Score algorithm. There were a total of 421 plant-based
imitations tested, the majority of which were made of wheat or wheat blends
(83.5% for meat imitations) and grain (19.8%) or vegetable oil (17.5%) for dairy
imitations. All meat ones were high in protein and fiber, although only yogurts
claimed to be high in protein (80.9%). Compared to their animal-based
equivalents, the total fat and saturated fat content of imitation sausages, milk,
and yogurt was lower. All dairy substitutes contained less protein than animal-
based dairy.to their counterparts but this is not the case with dairy imitations,
where especially, in accordance with the Nutri-Score system, plant-based
cheeses were graded D-E as opposed to A-C for animal-based cheeses.

Conclusion

Plant-based imitations include frequently nutrition claims on their package.
Wheat and soy-based formulations are suitable sources of protein, whereas



vegetable oil-based formulations contain no protein. Substituting specific food
groups with plant-based alternatives may not support an equivalent or
superior diet compared to their animal-based counterparts. This is a challenge
for both the academic community and the industry sector, which should
explore new sources or revise the use of existing ones by reformulating the
matrix of plant-based substitutes to make them more nutritional,
environmentally friendly, and fully equivalent to their counterparts.

Scientific area: Food Science and Nutrition

Keywords: Alternative Protein Sources, meat imitations, dairy imitations,
substitutes, plant-based diet, vegan, nutritional composition, Branded Food
Composition Database, HelTH, processed food, food labeling, Front of Pack
Labelling Systems, declaration, food reformulation



EvaAAdaktikéc putikég muyyéc mowteivng: Eméitaon g Paong dedopévwv OUOKEVATHEVWVY TQOPILLWY
HelTH pe vrokatdotata too@ipwy QUTIKNG TEoéAgvong, 1) dlegevivnon toug otnv EAAN VKT ayood
ka1 afoAdynon g drtgopuitis Tovg adiag

Mertarmrvxio oy pauua Tpopuua, Auxtpopn & Yyein
Tunua Eruotiunc Tpopiuwv kaw Awxtpogric Tov AvBpamov
Epyaotnpio Xnueiac xar AvaAvonc Tpopiuwv

ITegiAnym
Eloaywymn

Ta @utiknic mEoéAevong mEoldovia amopipunong elvat véa Kalvotopa
TIOOLOVTA DLATOOPT|G, TIOL £XOVV OXEDXOTEL YLt VA LoV VTAL TT) YEVOT), TV
VPN KAL TNV EUPAVIOT TV LKWV TOOPIHwV. Zuv0ws apaokevdlovTatl
ATIO CLOTATIKA OTIWS TOYLA, OLTAQL 1) MEWTELVT) prtleAov. Iapadetypata
TWV TIAQATIAV® ELVAL OL ATIOULUNTELS UTILPTEKLOV, TUELODV 1) AovKdAVikov. Eva
OL KATavaAwTég voBeTovv oAoéva KAl TEQLOOOTEQO 0TI OLXTQOPN] TOUG
AUTA TA TEOLOVTA ATMOUIUNOTG KQEATOS KAl YAAXKTOKOMUIKWV QUTLKTG
TIROEAELONG, 1) DATEOPLKT] TTOLOTITA KAL 1) IKAVOTNTA AVTWV TWV TEOPLUWYV
vat AELToVEYOUV WG VTIOKATACTATA O€ €TUTEDO dLATQOPNG elval akOpa LTIO
ovlntnon Kat XoeldleTal mMEQLOOOTEQN €QEVVA YL TNV KATAVONON TG
dLATEOPIKT)G TTOLOTNTAS AAAQ Kol TWV HAKQOTIEOOEOUWV EMUMTWOEWY OTNV
vyela. O Baoelg dedopévwyv ovvOeong teopipwyv (FCDBs) etval epyalela
TIOL TAREXOLVV AETMTOUEQEIC TANQOPOQLEG OXETIKA HE TN OATOOPLKT)
oVOTAON TWV TEOPIHWV. XONOLHOTOLOUVTAL YIX OLAPOQOVS OKOTIOUG TIOU
oxetiCovtar pe T dATEOPN OTIWS O TEOCOIOQLOHMOS TNG dLATQOPLKTG
KATAOTAoNG &vog mAnOvopov, 1 diegevvnon mbavig ovVOEoNS TG
dlator)c pe aoBéveleg KAl OQLOHEVWV dLEQYaowwv e Bropnxaviog
TQOPLHWYV, OTIWG 1] DLATQOPLKT] ETILOTIHAVOT] 1] ] AVAOVOTAOT] TWV TQOPIHWV.
H EAAnvwr] Bdomn Aedopévwv Lvotaone Enwvopwv Xvokevaopévwv
Toopiuwv (HelTH), elvar éva mapdderypa Paong dedopévwv ovvOeong
OLOKELAOUEVWYV TEOPIHWV, oL TteQLAauPavet dedopéva v 4002 poiovta,
artd to 2020.

Lkomog tr¢ peAétng

ZKOTIOC AVTHG TNG HEAETNG VALl VA ETUKALQOTION)OEL KAL VX €TIEKTELVEL TNV
Baon Odedopévwv «HelTH», xaotoyoagpwviac tig dwxOéoes orueoa
ATIOULUTNOELS KQEATOG Kol YOAAKTOKOUIKWY TROLOVTwV otnv EAA&da. H
ETLEKTAOT TIOAY LATOTIOLELTAL TTEQLYQAPOVTAS TIG ATIOULUNOELS KQEATOS Kol
YAAAKTOKOULKWV WG TIOOG TO TLEQLEXOHEVO TOVGS, AVAAVOVTAS T ETILEQOVG
OLOTATIKX TOVG, TOUG TEQLBAAAOVTIKOUG 1] LOXVOLOUOUS dATQEOPTIS, TOUG



delkteg mooTNTAg Kat t Opemtkr) Tovg allag. Kvplog otdxog etvatr va
OLYKQLOOVUV T dATEOPIKA TIEOPIA AUTWV TWV TEOIOVTWV UETAED TWV
OLAPORETIKWY KATIYOQUOV TIOL TIQOKVTITOLYV AOYW TWV €VAAAAKTUIWV
TYWV TEWTEIVNG, aAAd 600 kal pe ekelva twv avtlotolxwv Cwikov
mEeolovVTwv. Ot OLYKQIOELS TEAYHATOTIOLOVVTAL TOOO CLAAOYIKA 000 Kol
EVTOG TWV KATNYOQLWV DIAPOQETIKIG EVAAAAKTIKNIG TYNS MOWTELVNG, OV
aToteAel TO KUQLO OLOTATIKO kAOe TIEOIOVTOG. ()¢ HEQOS TNG OVYKQLOT)C TOUG
He ta avtlotolxa Cwwkd mEOIOVTR, TO CUOTNUA ETUOTUAVOTG TQOPIUWY
«Nutri-Score» xonotpomoteital yix vo avadelEet TIG daoeés pHeTalL Toug.
H épevva megdauPavetr emiong v avantuén evog CUUTATOWHATIKOU
EQWTNHUATOAOYIOV - Tov dev amoteAel MEOTEQAOTNTA TNG TEEXOLOAS
HeAETNG - aAA& OKOTMOC TOL elval va katayQdpel T OTAON KAl TIG
aviAnpels twv  EAAMNvov  katavadwtov  amévavit  ota meolovta

QATIOULUNOTG QUTLKTIC TIOOEAELOTG.

MeBodoAoyia

H dwdwaoia ovAAoyrc dedopévwv  elval pax  kKolown mTuxr) g
pneBodoAoyiag g épevvac. Ot mMANEo@oiec ov TEOEEPXOVTAL amd k&Oe
HEUOVWUEVT OLOKEVAOIA TIEOLOVTOC XONOLUOTOLOVVTAL YIX TN OLAAOYN
AETITONEQWV DEDOUEVWY OXETIKA HE T TEOLOVTA Tov peAetwvtat. Ta
dEDOUEVA AVTA 0QYAVWVOVTAL KL KATNYOQLOTIOLOUVTAL XONOLUOTIOLWVTAG
T0 CVOTNUA TEQLYQAPTC Kat Ta&vopunong teo@inwv Langual kat EuroFIR.
Ot mANogooles kKataypagovtal oe VTOAoYLoTik& @UAAa Excel, T omola
ETUTQETIOVY TNV €VUKOAT 0QYAVWOT] Kol XEWLOHO TwVv dedopévwv. ' v
TIAQOXT] TIEOOOETWV TIATIQOPOQLWV KAl TNV aENOT TNG €YKLEOTNTAC TNG
HEAETNG, OLUTEQANPONKAV  VEOL TEQLYQAPLKOL  TIAQAYOVTEG — OTQX
amoteAéopata we HEQOGS NS daducaoiag emékTaonc. ALTOL Ol TARAYOVTES
eTUAéYOVTAL e BAOT) TN OCLVA@PELR TOUG HE TNV TNYT] TOWTELVNG KAl TNV
KAVOTNTA TOUG VA TIAQEXOUV ML TIO OAOKANQWMEVN KATAVONON TwWV
dedopévwv. To ovotua datEo@iknc emionpavons «Nutri-Score», 1
dlatEOPIKT) OVOTAOT Of HAKQOOQEMTIKA OLOTATIKA, Ol LOXLOLOMOL
dlATEOPT)IC KAl  T&  XAXQAKTNOLOTIKA  TOWOTNTAS  OLOKELAOIG
XONOLHOTIOOVVTAL Y TNV a&loAdynon O0Awv twv meoloviwv. TéAog, 1
OTATIOTIKI] AVAALOT TIQAYUATOTIOLELTAL e T XONOT] Tov AoylopikoL IBM
SPSS Statistics®, yix T ovyKQLlOES KAt TNV a&lOAGYNOT TV EMUEQOVG
KATAVOUWV.



Amotedéopata

AQXIKA eVTOTOTNKE TO KUQLO CLOTATIKO TWV TEOLOVTWV. AELOAOYNONKE 1)
dlATEOPIKT) TOUC OVOTAOT), N EMIKOWVWVIX TEOWONONG TWV TEOLOVTWY
(loxvolopol dlxTEoPNG), KAOWS Kol 1] CLVOALKT] dLATEOPLKT] TOVS TIOLOTITA
Héow TOL aAyoplOupov «Nutri-Score». AvaAvOnkav ocvvoAwka n = 421
ATIOULUTOELS PUTLKTG TTEOEAEVOTG. AVAEQOQLKA ILE TIG ATIOMLUTOELS KQEATOG,
TIQOEQXOVTAV KLOIWG Ao Helypata ortaQLlov 1) ortagov pe ooy (83,5%).
INa Tc amopunoels YaAAKTOKOUIK@V KUQLXx TYyn 1)Tav avty Twv
onuntowaxawv (19,8%) 1 eutkwv eAaiwv (17,1%). OAec oL amopunoelg
KQEATOG NTaV TAOVOLEG O TQWTEIVEC KAL QPUTIKEG (VEG, eVvd Y Ta
YOAAAKTOKOULKA, HOVO T YIXOUQTIX £QEQAV LOXVQOLOUO TEQLEKTIKOTNTAG O
niowTeivn (80,9%). OAeg oL AMOULUTNOELS YARAAKTOKOULIKWV TTOIOVTIWV €lXov
XAHNAOTEQN TEQLEKTIKOTNTA O€ TMQWTELVT] amd Ta yoaAaktokouucd. H
dLATEOPLKT] TTOLOTITA TWV ATIOULUNTEWV KQEATOG DEV EUPAVIOE OTUAVTIKEG
Olaopéc oe OVYKQLOT HE TO KQEas, aAAd auto dev OLVEPN He TIC
ATIOULUTOELS YAARKTOKOMUIKWVY, OTIOV EWKA TA PUTIKNG TIOOEAELONG TVOLX
BabuoAoynonkav weg D-E, ovpupwva pe to ovotnua «Nutri-Score», oe
avtiOeon pe to A-C yux ta TugLd.

LuumeQAopaTA

Avt) 1) peAéTn e€€taoe TO TEQLEXOUEVO, TOVUG LOXVQLOHOVUG dXTQOPNG, TOUG
delkteg moldTNTAC Kol TN OQeMTIKN) OVLVOEOT TWV ATIOULUNOEWV KQEATOGS Kol
YOHAQKTOKOUKWOV OVHQOVA HE TNV KUQLX EVAAAQKTIKY] TYT] TIOWTELVNG
toVG. Ol ATOMIUNOES QUTIKNG  TQEOEAELONG  TEQLAAUPBAVOLY  OLXVA
LOXVOLOHOUG dTQO@NG 0T ovokevaoia tovg. Ta meoldvta pe Paon To
OLTAQL KAL TN 00V elval KATAAANAEC TNYEG MOWTELVNG, eV aLTA He BAoT
TO PLTIKA EAata DeV TEQLEXOLV KatOOAOL TRWTEVT). Ol ATTIOULUNOELS PUTIKTG
TIROEAELONG €XOLV TOLKIAN cVoTaon HE PAOTN TO KVUQLO OLOTATIKO KAL M)
AVTIKATAOTAOT] OUYKEKQIUEVWY OHAdWYV TEOPIUWY HE QUTIKES TUYEG
HtoQel va unv vootnllet pa toodvvaun 1 BeAtiwpévn diata. Avtr) eivat
Hlx TEOKANOT] TOOO YwXx TNV akadnuaikt) kowotnta 000 Kol YX TOV
ETIXELQNUATIKO TOHER, O OTOL0G O TIRETEL V& DLeQEVVNOEL VEEG TN YES 1] Vi
avaBewenoel (avacvoTaon) T oLOTACT] TWV VTIAQXOVTIWY ATIOUIUNTEWY
WOTE V& YIVOLV IO dATQOPLKA, PLALKA TIQOG TO TEQPAAAOV KAt TAT)OWS
LoodLvVapa pe ta Cwkd.

Emotnuovikd Iedio: Eriot)un Toogipuwyv kat Alatooer)
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1. INTRODUCTION

1.1 Role of proteins in Diet and Food technology

Protein, fat, and carbohydrates play major roles in food systems due to
their structural, mechanical, and other physicochemical characteristics. Protein
is made up of amino acids is are necessary for life since the human body has
high requirements for the amino acids found in exogenous protein sources for
a variety of physiological processes, which in turn support our skeletal
structure and metabolic reactions. It is considered “the most extensively
discussed” macronutrient for feeding the world while is not only essential for
stopping protein-energy malnutrition (PEM) and encouraging healthy muscle
aging but also has large environmental consequences driven by its global
demand. According to Gorska-Warsewicz (2018), human demand for protein
is mostly met by food intake, and this protein at present is primarily derived
from animal sources.

Food chemists have devoted a great deal of time to studying the physical
properties of various types of proteins. Historically, these functional qualities
have been nonnutritive, including foaming, gel formation, and emulsifying
stability. More thorough research has shown that food-based proteins, whether
animal-based or plant-based proteins, also play a role in flavor binding, color,
allergenicity, and digestibility at a molecular level. Food proteins can create the
intricate shapes that we recognize as food and may be connected to many
qualities, nutritional availability, and bioactive bioavailability. Food
formulators now are looking for solutions so they can substitute existing
proteins in both new and old products totally or partially [1].

1.2 Animal based proteins are being displaced

The World Health Organization (WHO) defines as ‘red meat’ any
mammalian meat (beef, veal, pork, lamb, mutton, horse, or goat), that is general
consumed cooked, and as “processed meat” any meat that has been altered by
any process (i.e. salting, curing, fermentation, smoking) for flavor or
preservation needs [2]. Mammalian meat and dairy products have historically
been significant sources of protein for people and the human diet supplying
the body with all necessary nutrients including protein,
lipids, vitamins, and minerals [3,4]. Animal proteins are more digestible than
those derived from Plants, better ordered and usually tend to be fibrillar or
tibrous structures, while in plants, globular, less organized proteins are found
[5]. Dietary habits of consumers have a tremendous impact on both global and
individual health and hence the global meat market is estimated to grow at a
compound annual growth rate of 7.35% per year by the end of 2025 [6]. In
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addition, according to predictions, the global population could increase from
7.7 billion in 2019 to as many as 8.5 billion by 2030 and up to 9.7 billion by 2050.
Current market trends are generating interest in alternative protein sources.
The European Union (EU) has investigated prospects for producing EU protein
plants that offer benefits to the economy and environment (European
Commission 2018). Farm to Fork Strategy aims to lessen reliance on
commodities cultivated on deforested lands, such as soy, in favor of alternative
plant proteins grown in the EU (European Commission 2020). Consequently,
one of the many potential answers to health and environmental problems is to
replace meat consumption with other protein sources. A trend toward a plant-
based diet seems to be a first step in lowering the Western world’s excessive
meat intake. With more than 6485 product innovative products worldwide
since 2015, plant-based meat and dairy substitutes (also called alternatives,
imitations, analogs, mock meat, faux meat -are plant-based products that
mimic the appearance, flavor and the texture of animal meat or dairy products)
are notably flourishing on the market and tend to be more and more established
[6-8].

1.2.1 Types of current plant-based diets and the Mediterranean diet

All animal products are excluded from vegan diets, including meat,
dairy, fish, eggs, and (often) honey. Diets that are lacto-vegetarians don't
include dairy items such as milk, cheese, yoghurt, and butter but do omit meat,
fish, poultry, and eggs. Eggs and dairy are included in lacto-ovo vegetarian
diets, but fish and meat are not. Ovo-vegetarian diets allow eggs but prohibit
meat, poultry, fish, and dairy products. Pesco-vegetarian (or pescatarian) diets
contain fish, dairy, and eggs but not meat. Semi-vegetarian (or flexitarian) diets
are largely vegetarian but occasionally or in limited amounts include meat,
dairy, eggs, poultry, and fish.

The traditional Mediterranean diet (MD) has been adopted as a healthy
eating pattern throughout Europe and all over the world. It recommends high
consumption of plant-based foods (cereals, legumes, nuts, fruits, vegetables,
and herbs), while limits red and processed meat. It comprises a moderate
amount of fish, seafood, eggs, white meat, and dairy products, a moderate
intake of alcohol, and olive oil as the primary source of added fat. In
comparison to the previous 2011 version of Mediterranean Diet Pyramid (MD-
P), the new sustainable version of MD-Pit is emphasized on reducing the
consumption of red meat and dairy products while increasing the consumption
of locally cultivated eco-friendly, in-season derived plant-based foods [9-11].
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COMMON PLANT-BASED DIETS
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Figure 1 Common plant-based diets (on the left) and the new updated Sustainable Mediterranean Diet (on the right)
(12]

1.2.2 Reasons for shifting to plant-based sources of protein

More and more people are switching to plant-based diets for health,
ethical grounds related to climate change, health and animal welfare reasons
[10,13-21]

Health

It has been found that plant protein consumption is linked to significant
health benefits which includes lower risk of heart attack or strokes. On the
contrary, low fruit and vegetable consumption is associated to increased risk of
Non Communicable Diseases such as heart disease, cancer, chronic respiratory
disease and diabetes. Overall, the data points to a preventive impact of
vegetarian and vegan diets against coronary heart disease; however, more
recent investigations have found an elevated risk of stroke. So far, cancer but
more specifically, bowel cancer is the most strongly linked to nutrition since
overconsumption of processed or red meat enhances the risk of it. According
to research, those who consume less meat or no meat may be less likely to
develop diabetes, due to their lower BMI (Body Mass Intex), which is the most
important factor for obesity. Substituting 3-5% of animal protein calories with
plant protein reduced mortality from all causes, cardiovascular disease, and
dementia). Lower blood pressure, decreased LDL, improved insulin, lowered
risk of diabetes, and lower levels of IGF-1, a hormone associated with increased
risk of several types of cancers, are some of the most important beneficial
outcomes of plant protein consumption that have been studied over the years.
Although the data mentioned above may indicate that plant protein may be
healthier than animal protein, plant-based meat imitations are frequently made
with highly processed protein ingredients like protein isolates, which may have
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lost some of the health benefits associated with the consumption of whole-plant
foods.

Socioeconomic

Food security is one the Sustainable Development Goals of Food and
Agriculture Organization of the United Nations” and hence there is a need of
more sustainable food sources with micro- and macro-nutrients. Animal,
vegetable, and microbial proteins are crucial to meeting the world's supply
needs of protein, and the diversity of protein sources and functions is critical
for food safety, product development, and production in order to fulfill
customer expectations and individual food needs [22]. Adoption of plant-based
diets might result in billions of euros in healthcare cost reductions across
Europe, in addition to the advantages to human health. Health-care systems
are burdened by excessive meat eating and in 2020 there were 2.4 million
deaths and 240 million euros spent in medical expenses worldwide that were
assigned to overconsumption of red and or processed meat. "Actor
designation," the process of identifying all stakeholders including people,
organizations, and groups (international organizations, governments, civil
society organizations, corporations, academics, and consumers) having a
commitment to meat reduction and who use and amass influence within the
system, is the first stage of a political economy study. These players' interests
in meat reduction might be either private (like sustaining business profits) or
public (such promoting health, lowering healthcare expenses, and protecting
the environment), or perhaps both (such as economic growth) [2].

Environmental

«A sustainable food system is a food system that ensures food security and
nutrition for all in such a way that the economic, social and environmental bases to generate
food security and nutrition of future generations are not compromised»

“Sustainable diets are those with low environmental impacts which contribute to
food and nutrition security and to healthy life for present and future generations.
Sustainable diets are protective and respectful of biodiversity and ecosystems, culturally
acceptable, accessible, economically fair and affordable; nutritionally adequate, safe and
healthy; while optimizing natural and human resources”.

FAO

Definitions of sustainability often address issues related to nature, the
economy, and society. For consumers, a sustainable diet may not always mean
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the same thing as for farmers or manufacturers. The FAO defined sustainable
diets as ones that "contribute to food and nutrition security and a healthy life
for present and future generations while having low environmental
implications". Sustainable diets are "nutritionally adequate, safe, and healthy;
protective and respectful of biodiversity and ecosystems; culturally acceptable,
accessible, economically equitable, and inexpensive; and maximize natural and
human resources.

Six priority areas have been established by FAO as part of the Strategic
Program on Food Systems with the last being more inclusive and effective,
ensuring a better understanding of how changes in the food system can affect
various SDGs. One of the six priority areas of FAO are: Sustainable Food
Systems. Food production has been affected by serious changes in food and
water insecurity, which are constantly have impacted by agricultural yields
reduction due to climate changes. However, it should be highlighted that the
food chain is one of the primary drivers of these changes in the ecosystems. The
food industry is responsible for 30% of all anthropogenic greenhouse gas
(GHG) emissions and 70% of fresh water use (AQUASTAT data, 2017). One of
the main drivers of land use change and biodiversity loss is the food industry.
Reducing food losses and switching to more sustainable agricultural
technologies have been suggested as solutions to this problem. These steps,
however, are not enough if no shift in food preferences among the general
population exists. In high- and middle-income environments, research has
shown that switching from animal products to plant-based sources of food may
significantly lessen environmental effects. The evaluation of the carbon
footprint of meat substitutes has been the subject of a few articles. Each agreed
that meat analogs are a more environmentally friendly substitute for meat and
processed meat products [23,24].

1.3 Alternatives sources of protein

1.3.1 Main imitations

Meat and dairy imitations have been developed. Plant-based proteins
like cereals, legumes, seeds, nuts, potatoes, mushrooms, insects, cultured meat,
seaweed, Single Cell Products (edible proteins originating from different
microbial sources: bacteria, algae, yeast, fungi) are some of the main sources
that are being used for the formulation of them. Many imitation categories of
original animal-based products have been developed recently.

Meat imitations are meat-free products appearing to mimic any kind of
mammal meat. Generally, they contain water (50-80%), vegetable protein
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(textured or not), (10-45%), flavorings (3-10%), fat (0-15%), binding agents (1-
5%) and colorants (0-0.5%). The final product's texture can be improved by
adding additional certain components. Soy (tofu, tempeh, textured soy
protein), gluten (seitan), legumes (peas, lentils, lupine, chickpeas) and seeds
(rapeseed, canola) are the most common vegetable sources [9,25].

Vegetable drinks or milk imitations, are plant-origin drinks where the
plant source is extracted in water for further homogenization. Seeds (sesame,
sunflower), legumes (soybean), cereals (oats, rice), pseudo-cereals (quinoa,),
nuts (almond, walnut, cashew, hazelnut) and fresh or dried fruit (coconut) are
used for the formulation. They tend to have high water content and different
viscosity depending on the kind.

Cheese imitations are products made from lipids and/or proteins of
plant origin (soy or peanuts) (soy, coconut, tapioca, nutritional yeast, nuts)[25].
The development of cheese imitations requires alternative protein and/or fat
sources to those used in conventional products and attempting to replicate the
distinctive characteristics of cheese. Different formulations of alternatives to
conventional cheese exist either using caseinates and vegetable oils or
formulations that totally excludes milk and use plant-based ingredients. In the
manufacturing of these items, acids, flavorings, and salts are other frequently
utilized components.

Fish imitations include products, ingredients, or a combination of
ingredients used as a substitute for fish: soy, gluten, algae, mushrooms and
vegetables (rice, tubers, potatoes, etc). To be able to mimic the natural
characteristic of fish the fibrous gel structure has to be imitated from cellular
tissues and from the organization of protein chains. To achieve that, by
replacing partially or totally of the raw material of fish or myofibrillar proteins
of fish transforming it to “surimi gels”.

Mung bean protein is the component that gives the cooked "egg" its
semi-solid consistency. Curcumin from turmeric and carotenoids from carrots
give these items their yellow color. Finding a mixture of plant proteins that
aggregate and unfold across a comparable temperature range as egg proteins
(about 63 to 93 °C), that provides a similar texture-temperature profile, and that
results in a similar final look and texture is crucial for developing egg mimics.
Pea, chickpea, bean, soybean, and sunflower proteins are among the plant
proteins that may form gels when heated above their thermal denaturation
temperatures. However, the protein structure, protein concentration, pH, salt,
and temperature conditions must be carefully managed.
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1.3.2 Protein sources

For the creation of imitation products, many and various types of
alternative protein sources are used, each with a different collection of
characteristics. Grains and cereals, legumes, pulses, nuts, potatoes, seeds,
mushrooms, insects are some of the many alternative sources that are typically
used.

Wheat (Triticum aestivum), is a global staple food. Wheat grain contains
monomeric and polymeric proteins with varying solubility and structures.
Polymeric proteins are mostly insoluble glutenins, while monomeric proteins
include water-soluble albumins, salt-soluble globulins, and alcohol-soluble
gliadins. Through extrusion create texturized wheat protein at high shear, high
temperature, and low moisture, into a meat-like fibrous structure. Texturized
wheat proteins are utilized in ready-to-eat meals as meat extenders or with
heat-gelling proteins like egg white and soy isolates [5]. Wheat is easily
available and used with soy in meat replacements for texture. Gluten, dairy,
soy, and nut-free products are in high demand. Over the past five years, EU oat
product releases have increased. That's why oat replaces dairy products
notably in yogurt, sweets, and milk alternatives. Oat-based dairy replacements
usually provide less protein than dairy products.

Quinoa (Chenopodium quinoa wild), a native Andean annual
herbaceous flowering plant, is grown for its edible seeds Quinoa is a
dicotyledonous plant, not a cereal like wheat, rice, or barley. Quinoa grains
have 14-18% protein and a balanced number of essential amino acids like
lysine, threonine, and methionine. Prolamin proteins are few in quinoa
proteins, which are mostly albumins and globulins. Their grains can be used to
make protein-rich, gluten-free health products because of their protein
composition. [5]

Rice (Oryza sativa) was once referred to as "gold of the Orient" and is
the most frequent staple food consumed by about half of the world's
population. In 2017, the worldwide average per capita rice consumption was
close to 54 kg, while its consumption exceeded 100 kg per capita in a number
of Asian nations. Rice accounts for around 20% of global human caloric intake
and up to 16% of daily protein needs, making it the second-most significant
cereal crop for human nutrition after wheat. Rice proteins are commonly used
in infant formulae and gluten-free value-added plant-based products. It is
commonly used to either meat or dairy imitations.

Soybeans (Glycine max) belong to Fabaceae. Soybeans provide high-
quality protein (36%), soluble and insoluble carbohydrates (30%), lipids (18%),
and other plant components, including micronutrients (16%). Many food
products use soy proteins for their nutritional and functional benefits. Soy
protein replacement with animal-based proteins reduces food formulation
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costs and meets food supply chain sustainability criteria for high-quality
protein. It is a common plant-based ingredient and alternative to animal
proteins that remains an important alternative to meat and dairy. Chicken
nuggets and beef patties substitute 30%—40% of meat with soy protein. Soy
protein replacement products look and taste like meat and provide lean meat-
like protein. In spite of this, soy protein has lower concentrations of numerous
essential amino acids compared to animal-derived foods, particularly
methionine and lysine.

Textured soy protein can be colored with spices and malt extracts and
absorbs natural or synthetic tastes to enhance product flavor. Soy protein
replacement products maintain their water holding capacity during cooking,
freezing, and at high temperatures than animal products manufactured
without added plant-based proteins.

Defatted soy flour is used to make soy protein isolate, the third form
commonly used in imitations (SPI). SP1 is less flatulent than raw soy flour and
has ~90% protein by weight. SPI are mostly used in food to improve water
retention, meat texture, and protein content.

Functionally, soy protein isolates and concentrates are superior to
unprocessed or minimally processed soy protein due to improvements in color
(minimally processed soy protein typically darkens meat products) and flavor
(minimally processed soy protein typically imparts a bitter taste). Most
manufacturers though use a combination of textured and non-textured soy
protein for both nutrition and functional purposes [4,5].

Lastly, the rising availability of other plant-based alternatives, concerns
regarding the sustainability of soy, and its designation as an allergy may push
the adoption of alternatives. According to Innova statistics (2016-2020), the
EU's usage of soy remains basically steady (Innova Database 2021).

Pulses are Leguminosae crops that are only collected as dry seeds. Pulses
serve a significant function in the provision of plant proteins in a sustainable
and cost-effective manner. Pulses are referred to as "poor man's meat" in several
nations due to their comparative affordability with meat and meat-based
products [5]. In contrast to legumes, such as peanuts and soy, pulses are
nutrient-dense foods with high protein and fiber content and relatively low
lipids. The primary advantage of pulse proteins over cereal proteins is that they
are gluten-free and rich in important amino acids such as lysine, making them
acceptable for gluten intolerance and celiac disease sufferers. Pulse proteins are
predominantly constituted of globulins and albumins, with the latter being the
most amino acid-rich protein. Refined pulse proteins as concentrates or isolates
are commonly utilized as nutritional supplements and ingredients in novel and
traditional food products, and the creation of imitation milks, drinks.

Pea protein, is an upcoming alternative protein. Textured pea protein
and functionalized isolates were introduced to the market making pea isolates
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concentrates, and functional pea flours the major forms of pea protein in the
food products . Due to its mild allergenic profile in comparison to soy and
wheat, it is an emerging alternative source.

Chickpeas, have been suggested as a soy-free option to plant-based
dairy substitutes. They're among the top 15% of plant-based proteins.
Chickpeas are being used further into innovative food and plant-based
alternatives both food and beverages. The lipid content and LOX-catalyzed
degradation of polyunsaturated fatty acids in these legumes are thought to
create undesirable off-flavors. [5,26]

Nuts are recognized for their high levels of protein, minerals, and
vitamin E, which is considered to have antioxidant characteristics. In addition,
they contain phytosterols that inhibit the absorption of dietary cholesterol.
Notably, its lipid level is one of the highest among plant-based foods. The bulk
of the lipids present in nuts, drupes, and seeds are healthy unsaturated fatty
acids. In addition to their nutritious value, this category of raw materials has
higher consumer acceptability than other raw materials due to their naturally
nutty flavor, which is more compatible with conventional dairy flavor than the
bean-like, earthy flavor of grains and legumes. Almond (Prunus amygdalus)
and coconut (drupe- Cocos nucifera) are two of the most often used dairy
alternatives in this category (Cocos nucifera). Almond has a naturally creamy
texture, making it a perfect substitute for cow's milk and products produced
from it. Coconut offers a significant advantage over nuts as a raw material for
dairy substitutes because it does not include allergies typically found in nuts.
In general, their exceptionally high and protein-rich composition has led to the
widespread use of nuts and drupes as dairy substitute raw materials. Hard-
shelled dried fruits are nuts. Typically, commercial almond milk is flavored
with vanilla or chocolate and fortified with calcium and vitamin D [26].

Potato protein is already utilized as a food ingredient in the European
market. It can be used as a vegetable-based emulsifier and is a low-allergenic
substitute for soy and wheat.

Oil seed crops, including rapeseed and sunflower seeds, are recognized
as rich sources of plant proteins. Various food products have utilized the
extracted fraction of rapeseed and sunflower seed proteins to achieve
better nutritional profile of their final products. Rapeseed (Brassicaceae
tamily), cultivated for its oil seeds, has approximately 17-26% protein and
the isolates contain at least 90 percent protein being viable alternatives to other
plant-based protein sources. Because rapeseed proteins are readily available in
a enough amount of all of the essential amino acids, they can also be used in
the preparation of gluten-free baked products, and sausage-like products.
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Sunflower seeds are utilized for oil production, although dehulled sunflower
seeds have a greater protein content (20-40%). It has been suggested that
sunflower protein be added to fortify a range of foods, including infant
formulae, milk, meat, and bakery products.

Mushrooms are regarded a potential ingredient due to their health-
promoting qualities. Knorr and WWF list enoki, maitake, and saffron milk cap
mushrooms as top 50 future foods. The CBI reports substantially increase in the
European dried mushroom industry due to rising interest in vegan and
vegetarian diets. Moreover, EU commerce depends on ethical and sustainable
mushroom production.

Products rich in proteins, carbohydrates, lipids (eicosapentaenoic (EPA)
and docosahexaenoic (DHA)) fatty acids and other bioactive compounds,
algae, are being developed for alternative sources. However, digestion and
bioavailability might be hindered by the cell wall, which prevents nutrients
from being utilized. Some examples are: Chlorella spp., Arthrospira spp., and
Schizochytrium spp.

Insects, are products rich in proteins, with essential amino acids in their
composition. Due to the presence of chitin, which provides insect proteins
stiffness and makes them resistant to breakdown by digestive enzymes, insect
proteins are poorly digestible. Thus, insoluble precipitates may form, reducing
the bioavailability of minerals and the digestibility of proteins. Furthermore,
the presence of significant quantities of hydrophobic amino acids limits the
usage of insect proteins in food production applications due to their low
solubility.

Lastly, lab -grown meat is produced by cultivation in animal-cells in
vitro. This technology makes it possible to produce meat yet avoiding large-
scale livestock rearing [6, 26-29].

1.3.3 Other sources

Traditionally, meat analogs have a low lipid content; however, modern
meat analog products have a significantly higher lipid content than
conventional meat analog products. In reality, the lipid content of current meat
imitations is comparable to that of traditional meat products. Similar to the
method employed with protein ingredients, meat mimics are typically
produced using a variety of lipid substances (fats/oils). Canola (rapeseed) oil,
coconut oil, sunflower oil, corn oil, sesame oil, cocoa butter, and many other
vegetable and plant oils are employed as lipid components in modern meat
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substitutes. According to a previous review by Kyriakopoulou, the role of fats
and oils in meat analog formulations is to contribute to the juiciness,
tenderness, mouthfeel, and flavor release of the product; however, significant
consideration should be centered on the effect of the fats and oils during
processing and preparation in order to prevent excessive lubrication and
stickiness. The fatty acid composition of fat and oils is certainly variable
between sources and manufacturing methods.

Carbohydrates are not found in meat unless the meat product is further
processed and additional carbohydrate ingredients are added, which is a
practice that is actually rather prevalent in the processing of meat, particularly
in emulsified and formed processed meat products. Products that are
considered to be meat analogs, on the other hand, virtually usually contain
carbohydrates. The carbohydrates that are contained in meat analog products
can originate from a wide variety of different ingredients, and those ingredients
can perform a wide variety of functions throughout the manufacturing process.

Polysaccharides play key structural and functional roles in the
formation of meat analogs due to their thickening/emulsifying capabilities,
which are typically required to increase the consistency and water binding.
Native starches and flours (such as potato, corn, wheat, cassava, pea, and rice)
are mostly employed as fillers to improve texture and consistency. Fibers from
various sources (e.g., pea, potato, oat, soy, bamboo, citrus, and apple) and
polysaccharide gums (e.g., xanthan gum, gum arabic, carrageenan, and
alginate) permit thickening and reducing cooking loss of the product due to
their high water-holding capacity by forming stable oil/water emulsions.

In the same way that flavors and spices are added to the majority of
processed and prepared foods, they are also added to meat imitation products.
To achieve the "meat-like" flavor in meat substitutes, numerous ways have been
explored. As described by Kyriakopoulou in their review, the isolation of
particular naturally occurring volatile chemicals, often in conjunction with
various thermal processes, is the most common way for capturing the flavor
and fragrance characteristics of meat products. After comprehensive testing,
these flavor components are subsequently integrated into meat mimic
compositions at the proper levels.

Meat color influences consumer buying intent. The proteins that give
meat its color, chiefly myoglobin, undergo chemical changes during cooking,
changing the hue from brilliant cherry red for beef, reddish pink for pork, and
bluish-white to yellow for poultry. For meat analogs, color and color change
during cooking are very important factors. Meat analogs should have the same
hue before, during, and after cooking. Modern meat analog products' coloring
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components differ. The general formulation concept is to use additives that
mimic the meat's natural hue. Beet juice extract lycopene and/or tomato paste
are commonly used. Sarcoplasmic proteins, which are chemically similar to
myoglobin, the iron- and oxygen-binding protein in muscle tissue, are
employed to generate a meat-like color [4,6].

The nutritional content of meat and dairy imitations can be improved
with the addition of various fortification ingredients, such as minerals, amino
acids, and vitamins. In order to enrich the products for the daily recommended
intakes, these could additionally include tocopherols, zinc gluconate, thiamine
hydrochloride, sodium ascorbate, niacin, and pyridoxine hydrochloride.
Riboflavin and cobalamin are also included. In addition to the positive effects
that these compounds have on health, they also have the potential to exert
significant influences on the quality, storage, and oxidation of lipids in meat
imitations. Microalgae, mushrooms, and pulse flours are examples of pure
ingredients or matrices that include vitamins and minerals added to them. In
addition to proteins, non-protein compounds have a large part in the
solidification and flavor of meat imitations. This function is primarily due to
the fact that proteins are the building blocks of muscle

1.3.4 Manufacturing of plant-based imitations

Plant-based sources, such as grains, legumes, and seeds, can be used as
entire ingredients and protein concentrates in meat and dairy substitutes.
Significant structure-function correlations exist between proteins and their
hydration and solubility, interfacial properties (emulsification and foaming),
flavor binding, viscosity, gelation, texturization, and dough formation.
Moreover, processing induces physical, chemical, and nutritional changes in
proteins, food safety hazards (allergens), anti-nutritional factors, processing
contaminants, or even microbiological quality, which vary according to the
protein source.

Protein from plants, if they are not used as an entire ingredient, can be
derived using either dry fractionation or wet fractionation. The selection of
technology is dependent on crop composition (protein, oil, and starch content).

Dry fractionation is typically used to starch-containing crops such as
pea, fava bean, utilizing air classification, a technique that separates materials
based on air velocity and particle size. As a result protein concentrate is
produced. The protein content is determined by the protein and starch content
of the beans or seeds, the size disparities between the protein body and starch
granules, and the milling efficiency. This method enriches anti-nutritional
substances, such as plant phenolics (tannins), and protease inhibitors. Toasting,
which is often used in soy processing to inactivate enzyme and protease
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inhibitors and create positive off-flavors, is one example of a method for
mitigating this issue (the conditions depend on the crop and whether dry or
wet toasting is used

Wet processing is a typical processing method for producing protein
isolates. It is mostly utilized in oilseed and pulse processing to produce a
protein isolate. In the case of oilseeds (such as soybeans or rapeseed/canola),
defatting is necessary (by pressing or hexane extraction). It contains, in a
simplified manner, a hydration stage, a decanting process to remove starch and
insoluble fiber, an isoelectric precipitation step to extract the globulin fractions
of the proteins, and a spray-drying phase. A high protein purity of the
components allows for more formulation flexibility and the elimination of
antinutritional elements (mainly during the isoelectric precipitation step).
Proteins from cereals (such as wheat gluten) are removed using a simple water-
washing procedure (to remove the starch). In the majority of instances, potato
proteins are recovered from the potato fruit juice (after starch and fiber
extraction) by an acidic-heat treatment (90-105 °C), resulting in low-added-
value proteins for use in animal feed [25].

Once proteins are isolated from plants, more processing is required to
create meat and dairy imitations from these proteins. Extrusion is the primary
process utilized in the production of meat analogs, either to produce texturized
vegetable proteins used in, for example, burger patties or to make high-
moisture meat analogs such as chicken parts. Utilizing high-moisture extrusion
to generate fibrous structures to meat is a crucial step in the development of
soy-protein-based meat imitations. In addition to this application, allergenicity,
odor, and the production of off-flavors during processing impact its viability
as a meat imitation [6,25]. Texturizing techniques for the production of meat
and dairy imitations, respectively are described below (Tables 1,2):
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Table 1 Texturizing techniques for the production of meat imitations

Technology

Short description

Extrusion

Extrusion is the most common patented
protein texturization technology due to
its high productivity, cheap cost,
adaptability, and energy efficiency.
Extrusion denatures heat-labile anti-
nutritional factors including trypsin
inhibitors and hemagglutinins,
inactivates hydrolytic enzymes such as
lipoxygenases, peroxidases, and
lipoxidases, and increases protein
digestibility. Shearing, heating,
compression, and cooling during
extrusion affect protein conformation
(denaturation, unfolding, crosslinking,
and alignment) to create meat-like
structures (structured aggregates or
fibrils)

High temperature induced shearing

High-temperature induced shearing
texturized plant proteins easily, mildly,
and cheaply. Cone-on-cone and
cylinder-in-cylinder  devices ensure
shear-induced protein structure. The
cone-in-cone mechanism heats the
product from both sides in an oil bath at
high shear stress and temperatures (95—
140 °C). The bottom cone rotates while
the upper cone is motionless. The
cylinder-in-cylinder  device  creates
similar shear flow to the cone-in-cone
device by placing the product between
two cylinders, one stationary and one
spinning. Due to simple shear and heat,
shear-induced structuring produces
defined fiber structures compared to
extrusion. Shearing at 140 °C produced a
solid asymmetric food texture, while low
temperatures produced a layered
structure.

Electrospinning

High-voltage nanometer-scale (very
thin) fiber production. The grounding
electrode's electrical potential gradient
accelerates the protein solution via a
nozzle. The nozzle jet forms a fine fiber
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(100 nm) as the solvent evaporates and is
collected in the collector.

Mixture of proteins and hydrocolloids

Combining plant proteins and
hydrocolloids is also a usual method. A
mixture of water, a vegetable fat or oil
containing a protein (such as lupine
protein, pea protein, potato protein, or
rape protein), and hydrocolloid(s) (such
as sodium alginate and methylcellulose)
is sheared to produce a stable emulsion
and a colloidal solution of divalent metal
cations, fibrous materials are cleaned
and pressed to remove excess water,
resulting in 40%—60% dry matter. Casein
and alginate can be employed with
multivalent cations in this method.

Freeze structuring

Freeze structuring or freeze alignment
involves freezing the aqueous solution
(protein paste) to structure it. During
this procedure, proteins are mixed with
other components until a homogenous
emulsion is produced. This mixture was
then shaped, frozen (to produce ice
crystal layers), then dried (steaming,
baking, or frying). Without melting the
ice crystals, drying at a high temperature
solidifies the protein's fibrous texture
(irreversible, significantly  insoluble
form). By modifying freezing conditions,
proteins' textural qualities can be
altered.

Bioprinting/3D printing

Three-dimensional food printing is
rapidly developing with various 3D
printing techniques available. This
technology is based on the extrusion of a
paste consisting of plant proteins and
other components (such as water, lipids,
and polysaccharides) through a fine
nozzle to create multilayer blocks. This
method permits the creation of products
with a texture resembling muscle fibers
and a specific nutritional profile.
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Since plant proteins have inferior solubility and functionality

(particularly gelling qualities), they require the addition of starch or other

hydrocolloids in order to be processed into or used as dairy imitations. The

production techniques of plant-based beverages vary based on the raw

ingredients utilized. Initial consideration must be given to whether the
specified raw material should be or not peeled. Whether the material is peeled
or unpeeled, dried or fresh, the second step is that it has to be subjected to dry
roasting or grinding. In case of fresh material, it must be immersed in hot water

to remove the peel. Following peeling, the preparation must be dried.
Alternatively, if the product is already dried, it is immediately subjected to dry
roasting or grinding [25]. Further details on the production (Table 2) and the
functionality (Table 3) of dairy imitations are listed below:

Table 2 Technological processes for the production of dairy imitations

Production stages of plant-based drinks

Short description

Roasting

Applied in peanut, sesame, and hazelnut
beverages;

Roasting the stability of
emulsions and the solubility of proteins;
It can decrease acidity, total solids,
protein, and fat, as well as reduce
bitterness.

improves

Dry grinding

Wet grinding is a substitute for dry
grinding, although it is not the preferred
method.

Peeling

Utilizing acids or bases. Using citric acid
(2% concentration at 90°C for 2 minutes)
and sodium hydroxide (NaOH) as a
base, the nut is peeled. Utilization of
water is possible, and the procedure is
lengthier (18 to 20 h). The time required
varies on the basic materials utilized. A
turther wash should be performed to
eliminate any remaining acid or base.
Peeling enables the removal of the skin's
poisonous components, hence
eliminating the bitter flavor.

Soaking in water

Used for soybeans, hazelnuts, rice,
sesame, peanuts, and almonds; raw
materials undergo hydration (soaking)
and softening. The stage includes the
release of toxins and nutrients into the
water.
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Blanching

Used for soy, almond, coconut, sesame,
peanut, rice, and quinoa; Reduces
microbial load; Inactivates enzymes;
Blanching with steam may be employed
(increases total solids and protein yield)

Wet milling

Used on soy, coconut, cashew nuts,
hazelnuts, hemp seeds, almonds,
walnuts, and peanuts. Some of the
variables that influence the final product
are the amount of water used, the
grinding temperature, the pH, and the
type of grinding.

Filtration

It is used to separate the liquid phase
from the solid phase of the ground raw
material; Use double-layer gauze or filter
paper of various diameters for filtration.

Addition of ingredients

In order to strengthen the stability of
solutions, many stabilizer and
thickening fator are used. For example
sunflower lecithin, locust bean gum, and
gellan, xanthan gum. The addition of
ascorbic acid prevents oxidation.
Sweeteners (sugarcane, sugar syrup, and
sucrose) and sea salt are added to
enhance the flavor of the product (some
varieties may also include vanilla or
cocoa). To enhance the appearance of
silkiness, sunflower oil and olive oil are
used too.

Fortification and enrichment

Various substances are included during
manufacture to improve the nutritional
and organoleptic qualities of the final
product. Calcium and vitamins (A, B2,
B1, B12, D2 and E) are added to increase
the mineral and vitamin content.
Calcium citrate is utilized to enhance the
calcium content of the finished product.

Homogenization

It seeks to improve the product's
stability; at this stage, the product's
temperature can rise between 5 and 10
degrees Celsius.

Sterilization and Pasteurization

Aseptic packaging and cold storage

Sterilization and pasteurization can be
utilized with the aim of extending the
product's shelf life.
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Maintain the product's shelf life has to be
done at storage temperature +4 degrees
Celsius.

Among the common ingredients in these products’ processing, acids,
flavorings agents and salts are also used. Great example are cheese imitations ( Table
3 - adapted from [25]).

Table 3: Cheese imitations functions and ingredients (adapted from [25]])

Function Ingredients

Composition and texture | Fat, proteins : soy, corn,
required casein, whey, caseinates

Lower price relative to | Vegetable proteins
casein peanuts gluten starch
(rice, potato, natural or
modified corn)

Texture and stability Hydrocolloid  stabilizers
:sodium phosphate,
sodium citate, guar gum,
xanthan gum)

Flavor Flavorings or flavor
enhancers(smoked
extract, spices, cheese-
modifying enzyme, yeast
extract)

Self life extension Preservatives

1.4 Nutritional value of imitation products

Concerns exist regarding the nutritional sufficiency of plant-based diets.
Without a question, plant-based diets, whether they contain meat and dairy
imitation products or not, have nutritional limits. Although the absorption and
bioavailability of certain micronutrients (such as iron, vitamin A, and zinc) may
be lower in plant foods than in animal foods, it is still possible to receive the
necessary levels of these micronutrients with a plant-based diet that includes a
range of plant foods. As for other micronutrients, such as vitamin D and
vitamin B12, which are mostly derived from animal sources, plant-based eaters
may choose to consume fortified meals. Individuals who adopt a vegan diet
should be cognizant of the possibility of vitamin deficiencies. Vegan diets
typically meet protein intake recommendations, albeit with a lower protein
content than less restricted plant-based diets. It should be highlighted,
however, that the existing research in this field is based on a limited number of
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cohort studies [30]. Another issue occurs when examining plant-based proteins
is the amino acid profile of the providing source. For example, the majority of
cereals contain low lysine levels and high methionine levels while pulses or
legumes the opposite, making these two plant-based group foods
complimentary. The amino acid composition of a product comprising both
cereal and legume protein is therefore thought to be more balanced [31-34].

1.5 EU food law: Regulations that impact innovative
food in EU

The Novel Food Regulation, the GM Food Regulation, the Food
Information Regulation, the Nutrition and Health Claim Regulation, and the
Organic Food Regulation are the principal European food regulations that have
an impact on the revolution of alternative proteins [35].

There are three principles of regulation on novel food set by EU: i) safe
for consumers; ii) novel products must be appropriately labeled, to avoid
misleading the consumers; and iii) novel food should not be nutritionally
disadvantageous when intended to replace by any means [36].

A claim is defined as "any message or representation that is not required
by Community or national legislation, including any pictorial, graphic, or
symbolic representation, that declares, implies, or leads to the conclusion that
the food has special features." Health claims were introduced in the EU
regulation in 2004, while Codex Alimentarius maintenance claims were given
in 1997. New Regulation 1924/2006 of the European Parliament and Council
on nutrition and health claims on food sets explicit criteria and guidelines for
the use of previous claims promoting consumer protection and fair trade. False
claims that are typically non-authorized and utilized by manufacturers can
frequently mislead consumers. Additionally, statements, symbols, logos or
images that express environmental characteristics of a product are referred to
as "environmental claims". In the Circular Economy Action Plan, the
Commission proposed that enterprises should verify their environmental
claims wusing EU Product and Organization Environmental Footprint
methodologies, using environmental impact categories to evaluate a product

or company's environmental performance from raw material extraction to end
of life [37].

The Food Information Regulation EU/1169/2011, which specifies
labeling requirements for all foods including plant-based products, is the
primary piece of food legislation. The food product's ingredients must be listed
in descending order by weight, GMO foods must be labeled (if they contain at
least 0.9% GM materials), allergies must be clearly identified, and nutritional
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data must be provided. Plant-based product naming and labeling regulations
have generated controversy and rendered some investments useless. Health
claim regulations are quite rigorous, and the process is difficult. In labelling,
leaflets, and advertising, any false or deceptive marketing claim are forbidden
(Food Information Regulation, Article 7). Organic Food regulation is the only
one that permits the labeling of an alternative protein product as ecologically
friendly.

The name of the food must be visible on the package. The legal,
customary, and descriptive names are the three categories of food names that
EU legislation defines. The first required detail is the name of the food, often
known as the "sale description" or the name under which the product is
marketed which has to be its legal name (Article 17 and Annex VII). If no such
legal name exists (like in the plant-based imitation cases) the name of the
product must be customary, which has to be accepted and recognized by
consumers. If not legal nor customary name is available a descriptive name is
required. Additionally, general labeling criteria are being used by EU food
regulations. These have to do with the protection of particular phrases,
including milk, cheese, hops, milk, pork, beef, chicken, and so on (European
Commission 2008; Case C-1 95/14, Tee- Kanne 2015). These terms are protected
from substitution by similar components, for example, and are defined in the
regulation. The growing market of alternative proteins including plant-based
"substitutes” do not easily fit inside the parameters of current EU food law.

Most of the current law is created to defend the economic interests of
significant agricultural industries once the Common Market and CAP were
developed, but secondary protecting consumers from food fraud and
unintentionally purchasing inferior substitute items was also deemed crucial.

In the case of milk products, terms like milk, cheese, and cream are only
used to describe items made from mammary secretions. The European Court
of Justice has discussed the naming of vegan dairy substitutes, and from 2017,
it decided that the reserved dairy names cannot be used even when paired with
clarifying descriptions like "vegan" or "plant-based”. This is because Common
Agricultural Policy (CAP) has as main purpose, for both producer and
consumer perspectives, to improve the economic conditions for the production
and for the marketing of original dairy products. The EU law on milk product
names allows for exceptions for products "whose precise nature is obvious
from customary usage (i.e almond milk and coconut milk). The Court
determined that the broad EU laws against misleading consumers are
insufficient in the case of milk products [35].

Rules for meat products are different from those for dairy ones. The
names for the various types of meat—beef, pig, and chicken—as well as the
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word "meat" itself are protected, but those for the shapes and ingredients of
meat products—steaks, sausages, and burgers—are not. Although In April
2019, a reformulation proposal of the CAP was attested by the
(COM/2018/0394), limiting the use of the words 'steak’, 'sausage’, 'escalope’,
'burger’, and 'hamburger for animal-based products only, it was rejected by the
whole EU Parliament in a vote on October 23, 2020.

In the lack of legally specified “meaty” names at EU level, companies
have turned to the law of the Member States, and in the absence of those, to
customary names. Variations in-country laws and the legal status of names
with "meaty" connotations can be confusing for businesses that cater to the
vegetarian/vegan market. For example, France banned 'meaty' names for plant-
based imitations, and for this reason companies have to rename their products.
The question of whether words like schnitzel or wurst are attributed to animal
origins will be decided on a case-by-case basis by national or EU-level courts,
and court cases are on-going in various Member States.

1.6 Consumers’ acceptance for vegan plant-based
imitations

The future of plant meat analogs/imitations development relies on
understanding consumer perception. Identifying consumers’ motivators and
demotivators are deemed necessary for designing meat imitations of the future
[6].

Different demographic and lifestyle segmentation criteria have different
levels of acceptance. In general, social and psychological factors are more
important to understanding consumers' adoption of alternative proteins than
demographic data. Consumers with high meat consumption rates are more
open to cultured meat and meat substitutes that resemble meat, but they are
less susceptible to plant-based meat substitutes, meat substitutes, plant-based
meat substitutes, etc.

The majority of factors (personal, physical, environmental, or social
environmental) that influence food choices are attitudes, food neophobia and
disgust, familiarity, taste, and health. They also include social norms. Research
typically shows that acceptability varies based on the source. The lowest is for
insects, the highest the cultured meat. Alternative proteins made from plants
are the most widely accepted [28] . Conventional eaters’ attachment to meat is
closely related to emotional connection and taste, while vegetarians or vegans
are mainly motivated to avoid meat for ethical concerns (animal and human
welfare). Flexitarians are an intermediary group motivated by health,
environmental and ethical concerns resulting in meat consumption reduction.
Besides health and environmental concerns, meat reduction can be reinforced
by producing plant-based products similar to meat (aspect and taste).
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Innovative foods are rejected and consumers prefer maintaining their usual
dietary habits for emotional attachment or/and food neophobia (fear of eating
new/unfamiliar foods) [28] [38].

1.7 Food Composition Databases
FCDBs and their main role

Food composition databases (FCDBs) are tools that provide in-depth
details about the nutritional composition of foods, often from a specific
country. They started to develop in the 19" century in a printed form but
nowadays FCDBs are mostly electronically accessible. Data on food
composition are crucial for many aspects of nutrition and dietetics, including
determining a population's nutritional status, researching the links between
diet and disease, prescribing therapeutic diets, nutritional interventions, and
food industry processes like nutritional labeling and food reformulation. The
standardization of food composition databases is one of the objectives of
EuroFIR, a European alliance of organizations that gather data on food
composition. Data on the nutritional content of foods is available in databases
and tables of food composition. Typically, they include information on a
variety of elements, such as energy, macronutrients, vitamins, and minerals.
Additionally, certain FCDBs contain readings for specific vitamin or amino acid
components (e.g. individual carotenoids, such as lycopene and lutein).
Researchers are becoming more interested in collecting information not only
from nutrient but also from non-nutrient bioactive molecules since many of
them may have positive health benefits or, on the other hand, they may be.

Processed foods have lately been part of the nutrition habits. For
example, in the Western diet, processed food can account for over 70% of total
calorie consumption. The food business and related distribution systems have
made it possible to have a steady supply of inexpensive food. That means that
people are increasingly exposed to foods that are rich in salt, sugar, and
saturated fat and energy-dense according to World Health Organization. The
necessity to understand the nutritional variety of processed foods has led an
international development for branded food composition databases, except
from the current generic BFCDs, because they are unable to do that (BFCDs).
BFCDs are essential for various governmental and non-governmental
operations, such as research, evaluation of the state of the nation's health, and
usage by ordinary people. Agricultural and Food policy decisions also need
composition data. This information, which is provided by the BFCDS in order
to improve public health, may be used to guide decisions on food
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reformulation, advertising, and labeling as well as to modify the nutrient
composition of processed foods.

In 1982, Greece attempted to design a food database, but it has not been
updated since 2004. The data bank, as it was originally known, under the name
DAFNE (DAta Food NEtworking), was a first major effort to develop a
database with the participation of fifteen European countries.

HelTH (Hellenic thesaurus of branded food composition data) is a
dataset, created 2020 that collects information on the nutritional composition
and quality from branded products on the Greek market [39]. HelTH
summarizes the nutritional profile of foods, any health or nutrition claims
mentioned on the package, and any other quality claims existing on the
package (environmental claims, logos, origin, etc.). It is the first systematic
attempt to build a Greek BFCD. The database is curated with information that
is taken from food labels that were made available online by major retailer
chains in Greece. The latest update was made about the allergens’ file where it
includes information about the presence or the absence of a possible allergen,
the number of them or even a reliant claim [39-41].

Figure 2 Main structure of Hel TH Database
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1.8 Front of pack nutritional labeling and Nutrient
Profiling Systems

1.8.1 Nutrition Declaration and Front of pack labeling

Since December 2016, the Regulation requires the majority of
prepackaged foods to carry a nutrition declaration, often provided on the back
of the food package, in order for consumers to be informed and make healthy
choices. The nutrition declaration is also referred to as a nutrition facts. The
mandatory nutritional declaration must include the energy value, the amounts
of fat, saturated, carbohydrates, sugars, proteins and salt, while it can be
completed voluntarily with the indication of the amounts of monounsaturated
and polyunsaturated fats, polyols, starch, dietary fiber , of vitamins and
minerals. The declared values are average values based on: a) the analysis of
the food by the manufacturer, b) a calculation based on the known or actual
average values of the ingredients used, or c) a calculation based on generally
defined and accepted data (EU 2011). In addition, the nutritional declaration
can be supplemented by a repetition of its principal aspects in the primary field
of vision of customers (known as "Front-of-Pack"). Other forms may be used
for expression or presentation (e.g., graphics or symbols) on the front of the
packaging (FOP) in addition to those included in the nutrition declaration, so
long as they fit the standards outlined in the Regulation.

1.8.2 Nutrient profiling systems in Europe

Around the world, numerous different FOP nutrition labels have been
created, and in Europe, many food producers and merchants have begun to
apply these various FOP labels to their products. FOP nutrition labels are
created in order to encourage the development of healthier products and to
make it easier for customers to choose healthier food products. There are
various NP systems different in components, reference units, method of
qualifying, and other factors such as the purpose of existence or the obligation
of usage.

There are currently validated nutrition labels in use in Europe, such as
the so-called "Positive" labels (Swedish Keyhole Label, Slovenian Protective
Food Symbol, and Finnish Heart Symbol) and the algorithm labels (British
Multiple Traffic Light, French Nutri-Score), while Italy is developing its own
system, the Nutrinform [42]. Three of these labels (the Keyhole Label, the
Protective Food Symbol, and the Heart Symbol, also referred to as "Positive"
or "Endorsement” FOPNLs, express a global evaluation of a product's
healthiness using a positive or a negative threshold. Products that are system-
healthy in terms of total fats, saturated fats, colors, carbs, sugar, fiber, and salt
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receive the distinctive emblem. However, Keyhole and Heart symbol criteria
include whole grain grains and trans fatty acids, which are not mandatory
labelled. Another applicable example in Europe is Multiple Traffic Light.
Multiple Traffic Light uses marking alerts to customers for a product's
excessive calories, total saturated fat, and salt content. It expresses a single
qualitative judgment on the food, which receives a color code: A/dark green,
highly recommended, B/light green, C/yellow, middle range, D/orange, E/red,
least healthy, such as sweets or fatty snacks. Nutri-Score, encourages healthier
food formulations and helps customers make better choices ranking foods from
"best nutritious quality” to "least good nutritional quality” in five boxes with
letters, ranging from dark green to dark red. Nutri-Score and the Multiple
Traffic Lights System have been indicated that communicate more effectively
to consumers [42-43].

1.8.3 Nutri-Score

In May 2020, the European Commission, as part of its Farm to Fork
Strategy, announced that a harmonized and obligatory front-of-pack nutrition
label should be established for Europe by 2024. The FOP labeling program
Nutri-Score is an optional profiling system whose major goals are to encourage
product reformulation toward healthier product compositions and to assist
customers in making better choices. In detail, it uses five boxes with letters to
classify foods according to their overall nutritional quality, from A for items
with the "highest nutritional quality” to E for those with the "least good
nutritional quality,” ranging from dark green to dark red, respectively. First, a
total score (FSAm-NPS score) is determined, ranging from -15 to +40, with two
dimensions: positive points (0-10) are given to components that are
disqualified, such as salt or SFA, and negative points (0-5) are given to each
component that is qualified, such as protein or fiber per 100 g/mL of each
product (food/beverage). The FSAmNPS is a modified version of the original
British Food Standards Agency nutritional profiling system (FSA-NPS). The
Nutri-Score is based on one set of criteria for all pre-packaged foods with
mandatory nutritional declaration in accordance with Regulation (E.U.) No.
1169/2011 but has some adaptations on food categories such as beverages,
cheeses and added fats. Label is modeled on the energy efficiency labels
applied. NS can increase participants' capacity to rank food goods according to
their nutritional content, and the negative scores D and E may lower
impulsivity to purchase unhealthy foods (Figure 3). Facilitating the comparison
of food products within the same category may encourage food reformulation.
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Nutri-Score

+ Nutritional quality of foods —

Figure 3 Nutriscore based on FSAm-NPS score

Aim of the study

The purpose of this study is to describe meat and dairy substitutes in
terms of their content, including ingredients, nutrition, environmental claims,
quality indicators, and their nutritional composition, both collectively and
according to the alternative protein source that is the primary component of
each product. The main aim is to compare these products' nutritional profiles
in between the different categories that result but also to those of their
counterparts that are based on animal products As part of a comparison of their
nutritional composition with that of their counterparts, the food profiling
system known as Nutri-Score is utilized to enrich the differences between the
two in a way that is both straightforward and visually presented. The research
also includes the development of a supplementary questionnaire- not the
current study's top priority-but its purpose is to record the attitudes and
impressions of Greek consumers to plant-based imitation products.
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2. METHODOLOGY

2.1 HelTH Data Entry on Excel Sheets

HeLTH database is a FCBD (Branded Food Composition Database) and
includes data of 4002 products, since 2020. The 1) description of the products,
2) the nutritional composition of foods 3) claims or quality indicators 4) allergen
existence and 5) photobook are the main five files included in the database. The
food data information and categorization is based on Langual and EuroFIR
food description and classification system and the data is recorded to Excel
spreadsheets.

2.1.1 Data source

The data collection derives from the package of each individual product.
This includes the front-of-packaging labeling (FOPL), the back-of-package
labeling with all of the nutritional information, as well as any other side of the
box that has information that was provided by the manufacturer. Product data,
including those that refer to claims (health, nutrition, environmental, Greek
origin, fortification, etc.), and/or to the exact nutritional content of the product,
are utilized in this process. In some circumstances there are missing data on the
package, which is usual not obligatory to the nutritional declaration. This is
represented as a “0” zero value on the excel file. Furthermore, when a nutrient
is listed as "trace," this information is likewise recorded on the sheet page of the
database as a "0" value; however, when

" < value "is listed, the exact number of the value is shown as the limit
content.

2.1.2 Data collection

HelTH’s data source was firstly form “AB VASILOPOULOS” e-shop
that made the procedure of the data collection constrained and more often did
not represent the overall market trend. For this reason, a total of 13 internet
retailers were included on the list that was developed. This list included not
only the most popular large supermarkets on the Greek market, but also some
smaller retailers that specialized in organic, and/or deli products. This was
done in order to have a holistic approach to the total market, since many meat
and dairy imitations are considered to be limited or niche products. Two of the
big supermarket chains are representing the 50% of the total Greek market and
the other 11 are either smaller supermarket chains or supplementarily
specialized in vegan/organic/deli products. The first attempt of the whole data
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collection per product was from a single retailer but, due to the fact that not all
the retailers have photos from the entirely product package available, a
crossing collection method was used. This is a new entry on the methodology
of HelTH in order to collect as many data as possible. This means that
information of each side of package may be from different retailers or that some
information comes from retailers’ inputs in the websites. For both cases
mentioned, verification at least in three different shops was obtained to ensure
that there is no mistakes from the retailers inputs. To guarantee that all
accessible items were recorded, a search was undertaken on the selected

Al "

supermarkets' websites using keywords such as "meat alternatives”, "meat

replacements"”, "meat-free", "dairy alternatives", "dairy substitutions", "dairy-

"non "non

free", "plant-based", "vegan", and "vegetarian".

2.1.3 Data exclusion

During the data entry process, products only considered and listed that
were being sold as imitations. The rejection of plant-based dairy products such
as vegetable creams and plant-based ice creams was excluded from the
analyses on the fact that neither them nor their animal counterparts are diet
protein carriers. In addition, vegetarian food such as falafel, semi-prepared
meals like dried soy mice, mixtures for preparation and other plant-based food
that do not mimic a specific animal-based counterpart were also excluded. Fish
imitation and egg imitations were represented only by one product per
category (n=1), thus they were excluded for the purpose of the study. Products
without clear images or without any photograph on websites are further
refused. Most of the time, various retailers give the same product different
names. Consequently, the removal of duplicates was also a high-priority
methodology step. As previously stated, the final exclusion criterion was if a
product’s information could not be validated by at least three retailers.

2.1.4 Data expansion

In June 2022, the database contained data for only n=49 plant-based meat
and dairy imitations. Dairy imitation included seven cheese imitations and
eight yogurt imitation and most of them were milk imitations. They were no
meat imitations when the data entry was started. The procedure of the data
entry took place from July 2022 to November 2022 and it was conducted
manually following the instructions of Helth’'s MANUAL (see appendix).
Depending on which animal-based counterpart the plant-based imitations
mimic, a categorization was established to describe each of the new plant-based
categories, in accordance with HelTH’s description and classification system
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(Langual and EuroFIR). The new meat and dairy imitation categories are
described below on Table 4. For further information entry, some new
describing factors are described in the results, as part of the expansion
procedure [44].

Table 4 Presentation of food included in each meat and dairy imitation category eligible for the 2022 HelTH
expansion.

Imitation Categories Description

Meat-free products appearing to mimic cold
cuts, including “salami”, “turkey”, “ham”,
“bacon”, “chorizo”, “kebab cold cut”,

“carpaccio”.

Cold cuts

Meat-free products appearing to mimic
sausages, including deep frozen sausages
and cold cut sausages. Features either
“sausage”, or “hot dog”, in the product name
Meat-free products appearing to mimic red
meat products, including “burgers”,
“meatballs”, “mince”, “kebab”, “steak”,
“souvlaki”, “gyros”.

Meat-free products appearing to mimic red
poultry products, including “nuggets”,
“schnitzel”, “Gordon blue”, “chicken
burger”, “chicken chunks”.

Dairy-free products appearing to mimic
Milk milk, including soy, almond, coconut, etc.,
beverages, either flavored or unflavored.

Sausages

Red meat

Poultry meat

Dairy-free products appearing to mimic

Yogurt . - u " ou P
yogurt, including “yogurt”, “yogurt dessert”.
Dairy-free products appearing to mimic
cheese, including “white cheese”, “spread

Cheese ! & P

cheese”, “yellow cheese slices”, “yellow
cheese grated”, “yellow cheese block”.

2.2 Nutritional composition and profiles

The Nutri-Score nutrient profiling system, macronutrient composition,
nutrition claims, and package quality characteristics were examined for all
products. Each product's nutritional declaration per 100 g or 100 mL,
ingredients, health and nutrition claims, trademarks, and endorsements were
transcribed from photographs.

The Nutri-Score algorithm was calculated for each food based on its

nutritional composition per 100 g of food. In detail the content of energy (kJ),
total sugars (g), saturated fatty acids (SFAs) (g), and sodium (mg) (negative
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nutrients) is scored from 0 to 10 with higher scores for higher content and the
content of protein (g), fiber (g), and Fruits/Vegetables/Pulses/Nuts/specitic Oils
content (FVPNO%) (positive nutrients) is scored from 0 to 5 with higher scores
for higher content, as well (Figure 4) [45].

The Individual Nutrient score values are added together to determine
the overall FSAm-NPS Score, which ranges from -15 to +40 and is derived by
subtracting the positive from the negative nutrients scores. For the purpose of
calculating the FSAm-NPS score, all foods are eligible for fiber and FVPNO
scores. The protein score is only considered in the calculation if the sum of
negative nutrition point scores is less than 11, if a food's FVPNO score is equal
to 5, or when calculating the FSAm-NPS Score for cheeses.. In other cases of
negative points are <11 protein content is not taken into account in the
calculation of the nutritional score.

The FSAm-NPS score is subsequently converted to Nutri-Score grades
according to the following basic criteria: A was allocated to foods with a score
between 15 and 1, B to those with a score between 0 and 2, C to those with a
score between 3 and 10, D to those from 11 to 18, and E to those from 19 to 40.

A two-step procedure was used to arrive at an estimate of the FVNPO%
based on the constituent list. In the first step of the process, each and every food
was analyzed to determine whether or not it had the required minimum
percentage of fruits, vegetables, pulses, nuts, and oils made from rapeseed,
walnuts, and olives. This percentage is forty percent. After that, a detailed
quantification was performed on the items that were considered to have met
this minimum requirement. In order to accomplish the goals of this
investigation, the Nutri-Score algorithm's parameters were taken into
consideration. The ingredient list of plant-based imitations usually typically
include components like vegetables, nuts, fruits, legumes, and oils.

However, prior to awarding positive points for the FVNPO percentage
of the food, it is necessary to take into consideration both the processing
method and the form of the end product of the FVNPO. For instance, particular
requirements have been set for the estimation of coconut, which was
considered a fruit only when it was present in the form of fresh coconut. In
addition, fruit juice concentrates, protein powders, candied fruit, and fruit
flours were not taken into consideration as FVNPOs. According to the
instructions provided in the Nutri-Score algorithm, beverages made from
plant-based ingredients are counted as "solid foods" at the score calculation
[11][46,47].
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Products that lacked information about energy, saturated fat, total
sugar, and sodium were rejected because no Nutri-Score could be determined.
Possible causes of missing nutrient values include a lack of nutritional
statement or low-quality photos of the individual foods. For "positive
nutrients," however, missing information was assumed to be zero.

Nutriment per 100g Points
Inergy (KJ) 0-10
Sugars (g) 0-10
Negative points
S 1 Fatty acid ™
Saturated Fatty acids 010 040
®
Sodium (g) 0-10
I'ruits, vegetabels, pulses,
nuts, rapeseed,walnut 05
and olive oils (°0)
Fiber () 05
Proteins(g) 0-5

Figure 4 Graph on how Positive (P) and Negative (N) points are calculated during NutriScore algorithm.
For beverages the point range 0 to 5 is adapted to 0 to 10
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RULES AFTER THE CALCULATION OF
POSTIVE AND NEGATIVE POINTS

— ATTRIBUTION OF COLORS
N21 N<l
or mr c“eese Foods (points) Beverages Color
(points)
min to -1 water green
Oto 2 minto 1 light green
Points from fruits Points from fruits 3t0 10 2-5 yellow
and vegetables = and vegetables <5 1to 18 6-9 orange
l 1 19 to max 10 to max dark orange
Final score-
i = Points N-Points i =
poisHPoisP o B s NUTRI-SCORE
fruits,vegetables,pulses,
nuts,rapessed
il walnut, olive oil) A B
FINAL SCORE -15 TO +40 HIGHEST QUALITY LOWEST QUALITY

Figure 5 Final FSAm-NPS score calculation method and the attribution of Nutri-Sore colors.

2.3 Statistical analysis

The software IBM SPSS Statistics® was used to conduct the statistical
analysis (version 23, Northridge, CA, USA). Both the data on the nutritional
composition of the food (content per 100 g or 100 mL of product) and the FSAm-
NPS score were examined as continuous variables. The Kolmogorov-Smirnov
test was used to determine whether or not the data were normally distributed.
The normal distribution was not followed by any of the variables at all.
Consequently, the values of the variables were expressed using the median
(interquartile range). The Kruskal-Wallis test for non-parametric comparisons
between k separate samples was utilized to look for differences. In order to
determine whether or not there were differences, the Kruskal-Wallis test,
which is used for making non-parametric comparisons between k different
samples, was applied. Statistical significance was set at 0.01% to adjust for
multiple comparisons (Bonferroni correction).
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3. RESULTS:

3.1 Recording imitation products

As mentioned before, only 49 plant-based meat and dairy imitations
were in the database in June 2022 (thirty four milk imitations, seven cheese
imitations and eight yogurt imitations and no meat imitations). From July to
November 2022, new data entry was conducted manually from the online
stores (Table 5). A total n=534 plant-based products were seen and recorded in
the online stores. Duplicates (n=49) were excluded after revision of them and
remarking the barcodes of same products with similar product names and then
the total amount was decreased at 485. In the need of the study, concerning
alternative sources of protein, including imitates only, n=9 semi-prepared
products, n=5 mixtures, n=1 fish imitations, 1 egg imitation, 24 plant-based ice
creams, 15 plant-based creams and 6 plant-based powders were excluded. This
resulted in 421 products for analysis (Figure 7), which included a variety of
meat and dairy imitations (Figure 6).

Table 5 Online shops used for the analyses and the first total amount of the products

Online retailers (n=13)

www.ab.gr

www.sklavenitis.gr

www.biologikoxorio.gr

www.chalkiadakis.gr

www.e-fresh.gr

www kritikos-sm.gr

www.market-in.gr

www.bazaar-online.gr

www.e-shop.masoutis.gr

www.thanopoulos.gr

www.greenhousebio.gr

www.bio2go.gr

www.4seasons.bio
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) B ﬂ

. BURGERS o PLANT BASED BEVERAGES
. MEATRALLS Navored or non Mlavored almand, cat, hazelnut, say, coconut, whalnut beverages
. FROZEN MINCE e PLANT BASED DESSERTS
. SCHNITZEL (YOGURT/PUDDING)

. WTS almond, soy, 0at, cashew flavored or non flavared yogurt/pudding
. STEAK e PLANT BASED ICE CREAM
O SAUSAgESS e PLANT BASED CREAMS

N EER *  PLANT BASED CHEESE

. SOUVLAKI blocks, slices, grated, other PB cheese

. Eolp s ¢ PLANT BASED POWDERS
. A=) B TS FOR BEVERAGES

. MXTURES FOR MEAL PREPARATION

cocoonut, soy, almond, whalnut powder

* DRED SOY MINCE (SEM-PREPARED PRODUCTS)

Figure 6 Different kinds of plant-based meat (left) and dairy (right) observed via internet searching.

n=49 imitations

June 2022
534 new plant-
based products ,
recorded n=583 total
plant-based
products
n=1ry |[
meat =485
n=3068 January 2023
dairy I
I‘l:98 l
meat o
n-325,/ January 2023
dairy

Figure 7 Flow chart of the targeted expansion of Hel TH database with plant-based products.

After the collection of overall data a classification of the different
observed categories a categorization and an inclusion of the different kind of
products was necessary.
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This new classification had to be done according to HelTH’s manual
(EuroFIR and Langual prescriptions) including new additions from Foodex 2.
The main food categories of HelTH are listed below (Table 6):

Table 6 Food categories based on Hel TH database

1.Milk, milk  products, milk | 8. Vegetables or vegetable products
substitutes

2. Egg or egg products 9. Fruit or fruit products

3. Meat or meat products 10. Sugar or sugar products

4. Seafood or similar products 11. Beverages (Non-milk)

5. Fats or oils 12. Miscellaneous food products

6. Grains or grain products 13. Meals for special nutritional use
7. Nuts, seeds or products

The expansion occurred within food categories “1” (milk, milk products
or milk substitutes) and category “3” (meat, meat products, meat analogs).
Inside the meat food category, there are 7 food subcategories with the last being
the “meat analogs” (See appendix). The term “analog” was renamed to
“imitation”. The groups for the food subcategory had to be generated according
to those for existing counterparts. So, five food groups were done and each of
them included their food subgroup categories according to the different
characteristics of the product (Table 7). For dairy imitations the methodology
followed was the same. On the other hand, inside food category “1” where
milk, milk products, and substitutes are involved, there is the food subcategory
“4” for imitation milk products. There were 5 new food groups generated as
well, including plant-based imitation milk (beverages), plant-based yogurt/
yogurt deserts, plant-based cheese, plant-based ice cream, and any other plant-
based cream (i.e heavy cream). Each food group included at least 2 food
subgroups defining the exact characteristics of the dairy imitation products.
More details on which exact products are included are shown in Table 8.
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Table 7 Meat imitation classification (Food category 3)

Food subcategory 7

Food group

Food subgroup

Meat imitations

1.Preserved meat/ Cold
cuts imitations

1.

salami

turkey

ham

bacon

chorizo

kebab cold cut

carpazzio

2.Sausages imitations

N G L

deep frozen
sausages

cold cut sausages

3.Red meat imitations

burger/medallions
meatballs

mince

kebab

steak

souvlaki
yeeros/gyros

4 Poultry imitation

nuggets
schnitzel
gordon bleu
chicken burger
chicken chungs

5.0ther meat imitation

PO PN =N W =N

Tempeh served as
meat
Any other kind
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Table 8 Dairy imitation classification (Food category 1)

Food subcategory 4 Food group Food subgroup

Milk imitations 1.Plant-based beverages 1. Flavored
2. Non flavored

2.Plant-based 1. Yogurt
yogurt/yogurt desert imitation/Yogurt
dessert imitation
2. Pudding
3.Plant-based cheese 1.White
cheese/Feta
2.Yellow cheese
3.Cream/Spread
cheese
4 Plant-based ice cream
5.Plant-based creams 1. Whipped cream
2. Cream

3.2 Helth update

Due to the fact that plant-based products are a new entry in the database
issues during the categorization and the data entry occurred. For example meat
imitations had many plant-based origins such as soy, pulses, cereals. This
resulted in classification products with identical shapes and resembling
counterparts, but with different origin sources of protein, which could result in
distinct nutritional properties. As already referred, except from processed meat
there were semi-prepared products like dried soy or mixtures of the above
ingredients. For dairy imitations case, cheeses not only appeared as white,
yellow or spread but also had different origin ingredients and different forms
(slices, block, or grated). Hence, the classification was a challenge in order to
include as many possible products without missing any due to the multiple
facets of a product. For that reason, it was necessary to add new facet factors
for describing in detail plant-based food that were not already existed in
HeTH’s manual. This approach is more inclusive and encourages the update of
HelTH whenever a new innovative product is introduced.
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3.2.1 New product long name including source on product long name

A product’s long name is a short description of the product divided by
commas ”,”, including the name with the main characteristics, the food group,
and the flavor ended by the package size. Most of the imitation products due
to their special characteristics could not be uploaded in a manner already
existing. The product long name methodology, for this new innovative food
category, had to be reformulated and updated, without deviating from the
existing manual of HelTH, ensuring that all new information (vegan claims,
organic claims, specific imitated counterpart, origin, and basic ingredient)
would be mentioned and the new plant-based products would be
distinguished from their counterparts. Indicatively, there were 6 criteria for the
production of meat imitations long name (Figure 8). For the creation of the long
name, it was crucial that specific imitated food would be mentioned. To
accomplish this, the first step was to record the product food subcategory (meat
imitation or dairy milk imitation) (Figure 8), followed by the exact counterpart
mimic product (food group), the plant origin and the main ingredient to help
being identified from potential future new imitations (cultured meat/insect-
based, etc.). Then, specific product characteristics (i.e vegan and/or high
protein and/or sugar-free), labeled on FOP, are mentioned, before the brand
and the size of the product.

=
ﬂs’ exl: Burger, plant based, soy-based, , Beyond meat, 2269
nugget, /-
Y
meatballs, /-
cold cut, slices, bacon style, b Wheaty, 2009
cold cut, slices, turkey, Esti, 1009

, vegan, Moving mountains, 2279

Food subgroup v —_—
Brand's name Product's size
ex2:  Milk imitation, plant based, soy-based, chocolate flavor, high profein, , vegan, Arla, 1000mL
/- almond beverage /-
/- coconut beverage -//-
-//- -//-
Yogurt imitation soy dessert
Pudding imitation almond dessert
Cheese imitation white cheese
Food subcategory
[N —
Product's main ~ —
A~ Product's side Product's special
- characteristics
Origin & characteristics characteristics Brand's name
main ingredients ex: flavor ex: vegan

Product's size

high protein

sugar firee

Figure 8 Demonstration of the creation of product long name for meat (up) and dairy (down) imitations.
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3.2.2 New iD code

The id encoding is an 8-digit method that simplifies the organization of
HeLTH and the identification of its products. Based on Greek data, this
methodology has been adopted by EuroFIR's Language Categorization and
permits the most accurate food classification. The first two digits refer to the
food's category, the third to its subcategory, the fourth to the group to which
the food belongs, the fifth to its subgroup, and the sixth refers to the exact
product. If a food product description does not match a number, "0" is used. In
the absence of further categorization, "0" should be used again to complete
these digits to always get an 8-digit id. Specifically for the meat imitations the
iD number follows this pattern: 3 (food category) / 7 (food subcategory) / 1-5
(food group) / 1-7 ( food subgroup, depending on group) and 4 more digits for
product number from 0001 and on. For dairy imitations the iD code follows the
same pattern.

3.2.4 New added factor for basic ingredient which represents the main protein
source.

Classification systems have been created for different purposes and
reflect different legislations. Langual™ is an international multilingual faceted
thesaurus, language-independent, suitable for use in numerical databases [48].
Facet descriptors are further information that can be added to or included along
with the base terms.

Table 9 Main Langual facets based on different products’ characteristics. (Modified from EuroFIR Food Forum 2015-
Ireland | & Moller A-Official presentation Langual.™

Characteristic Facet

FOOD GROUP Product Type Derived from a combination
of consumer, functional, production, and
legal characteristics.

Contains the Codex Alimentarius
Classification for Food and Feeds and
additional Codex classifications.

FOOD ORIGIN Food Source Plant or animal species, or
chemical food source

Part of Plant or Animal

PHYSICAL ATTRIBUTES Physical State, Shape or Form Example:
liquid, semiliquid, solid, natural shape in its
entirety, fragmented

PROCESSING Extent of Heat Treatment

Cooking method Cooking technique dry or
moist heat cooking; cooking with fat;
microwave cooking.
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Treatment Applied Additional processing
processes, including the addition,
replacement, or removal of components
Preservation Method Primary technique of
preservation

PACKAGING Packing

Medium

Container or Wrapping Container material,
shape, and perhaps additional features
Food Contact The surface(s) with which the
food is in contact

DIETARY USES Consumer Group/Dietary use Human or
animal; special dietary characteristics

GEOGRAPHIC ORIGIN Geographic Places and Regions ISO-code
(ISO 3166) for country of origin, local codes
for region

MISCELLANEOUS CHARACTERISTICS Adjunct Characteristics of Food Additional
miscellaneous descriptors

FoodEx2 is a comprehensive food classification and description system
for data collection in several food safety domains made by EFSA. FoodEx2 was
evaluated and altered to accommodate the needs of the various users.
Specifically, the language of the terminology was significantly expanded in the
sections on raw materials and natural sources, new hierarchies were added,
and the relationship between the terms and the most important factors was
simplified. Now contains 32 facets that provide several alternatives for
describing a specific feature of a food group, such as treatments received,
production method, ingredient, or part-nature [49]. Latest version of Langual
2017 was updated extensively-especially in the area of facets product type” and
food source”, yet the domain of “ingredient” of FoodEx 2 was not incuded
(Table 9). In order to include this aspect to HelTH for the subsequent analyses,
the first five elements and their respective percentages of the ingredient list
were recorded to aid in classification and statistical comparisons across
different categories. The new data cell for main ingredient was created in the
excel datasheet.
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C AB
New long_name |INGREDIENT |
Meat analogue, plant based, meatballs, vegan, Vivera, 2009 | 3 SOY AND WHEAT
Meat imitation, plant based, burger, vegan, Vegafit, 150g 2 WHEAT/SEITAN
Meat imitation, plant based, kebab, vegan, Genius, 300g 1 SOY/TOFU
Meat imitation, plant based, kebab, seitan, vegan, organic, Vegg 2 WHEAT/SEITAN
Meat imitation, plant based, mince, from seitan, vegan, organic, | 2 WHEAT/SEITAN
Meat imitation, plant based, mince, vegan, Beyond meat, 300g | 3 PEA PROTEIN
Meat imitation, plant based, mince, high protein, vegan, Moving 1 3 PEA PROTEIN
Figure 9 Facet of “ingredient” in the datasheet of Hel TH/

3.2.5 New cells for claims file such as meat-free /logo, palm-oil free

Some new logos except from common vegan logo appeared in a big
percentage for stating that a product is for example not animal-based or to state
the absence of non-nutritive and unsustainable ingredients i.e palm oil, so for
this case there was a need to add them as a new facet-cells on the data
recording.

New long name Meat-free logo
Meat analogue, plant based, meatballs, vegan, Vivera, 200g 1
Meat imitation, plant based, burger, vegan, Vegafit, 150g 1
Meat imitation, plant based, kebab, vegan, Genius, 300g 1
Meat imitation, plant based, kebab, seitan, vegan, organic, Vegg 1
Meat imitation, plant based, mince, from seitan, vegan, organic, 1
Meat imitation, plant based, mince, vegan, Beyond meat, 300g

Meat imitation, plant based, mince, high protein, vegan, Moving 1 1

C FZ GA

New long name Palm oil free logo |

Meat imitation, plant based, burger, vegan, Vegafit, 150g

Meat imitation, plant based, burger, vegan, gluten free, Meatoff, | 1 1

Meat imitation, plant based, burger, soy, organic, Fior di loto, 204

Meat imitation, plant based, burger, vegan, organic, Veggyness,

Meat imitation, plant based, medaillons, vegan, organic, Veggyn 1

Meat immitation, plant based, burger, from quinoa pulses and su 1

Figure 10 Addition of new cells in the datasheet of Helth. Meat-free and Palm-oil free cells.

—_ e e
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3.3 Main ingredients on categories - Products
description

All imitations are plant-based, although the main ingredient differ
among categories and subcategories. Main ingredient bases that occurred in
meat imitations are soy / tofu , wheat / seitan/ wheat gluten, and other mixed
matrix that may include the combination of the previous two ingredients or
any other matrix (Table 10). Meat imitation products are based mostly on
wheat, or other ingredients followed by soy (Figure 10).

Meat imitations
40% 50% 60%

g
5
5
§
3
:
:
:

Cold cuts

Sausages

Red meat

Poultry

Total

mSoy/Tofu wWheat/Seitan wOther

Dairy imitations
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 1

8

%

=

Yogurts

:
&

Total

uNut wCoconut mGrain w=Pulse mMixed uVegetable oil

Figure 11 Percentage on products that include protein-containing ingredients for imitation meat and dairy
alternatives.
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Among the several food subgroups, only sausage imitations can be
distinguished by their primary constituent, which was predominantly wheat.
For sausages, cold cuts, and red meat majority of formulations have wheat
(50%, 75% respectively), followed by other ingredient recipes (44%, 13%%
respectively), and lastly from soy matrix (6%, 13%). Soy (50%) is the first main
ingredient for poultry imitation, though, mixed ingredients (38%) and wheat
(13%) follow. In Summary, mixed (37%) and wheat (37%) bases are mostly used
in meat imitation products that mimic red or preserved meat rather than soy
(26%). Even so, after assessing the total products, none of the percentages of
distinct ingredient formulations appear to have predominated (x? test: p-value
=0.055 (p = 0.0001)).

Table 10 Ingredients that were dominated in category other for meat imitation products.

Meat imitation category “other: | Number of products (n=33)
ingredients

Soy & Wheat

Pea protein & Fava beans

Pea & Rice

Pea & Potato starch

Pea & Mushroom

Wheat & Chickepeas

Soy & Pea & Vegetables

Quinoa & Pea & Beans

Spinach & Sunflower seeds
Chickpeas & Rice

Vegetable mix powder & Vegetable

—_
Q1

=R == ININININRN

oils

Dairy imitations on general were based on nuts (36%), followed by
grains (34%), vegetable oil (20%), pulses (15.418%) coconut (11%) and mixed
matrix (3%) (Figure 10). The mixed matrix was mostly coconut with rice,
multigrain, seeds and nuts or pea and rice. In particular milk imitation products
were based on nuts (almond, walnut, cashew, hazelnut) (36%), followed by
those based on grains (rice, oat, quinoa) (34%), coconut (12%), pulses/legumes
(soy, peas) (14%) and another or a mixed matrix (4%). Yogurt imitation
products were based on pulses (38%), nuts (31%), coconut (17%), and grains
(15%). Yogurt imitations appear as fermented products of either soya juice or
other nut (almond drink), fruit (coconut) product. Lactobacillus Bifidus and
Acidofillus usually used for the fermentation while modified starch of tapioca
or corn was used as supplementary ingredients with other thickening agents
(guar gum and/ or pectin). Cheese imitation products were mainly based on
vegetable oils (83.1%) followed by pulses (12%), mixed (4%) and nuts (3%).
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Cheese imitations in detail appeared in three forms (white (10%), yellow (77%),
and spread cheese (13%)) (Figure 13). White cheese was dominantly feta cheese
imitation (100%) spread cheese that appeared with or without added flavor,
while yellow cheese was 12% grated, 47% sliced and 42% in a block form. A
typical matrix of vegetable oil cheese included water, vegetable oils (coconut
oil, extra virgin olive oil, sunflower oil), -most of the cases was coconut oil-
modified starch, starch (from potato most usually) and sea salt, while tofu
cheeses were made from tofu (soybeans up to 55%, water, coagulating agents:
magnesium chloride, Calcium sulfate), vegetable broth (sea salt, yeast extract,
sunflower oil, vegetables i.e. leek, carrots, celery, mace, nutmeg, parsley),
lemon juice concentrate or other congelation agents: magnesium chloride,
calcium sulfate). Lastly, nut-based cheese appeared with a cashew matrix (up
to 70%), live vegan cultures, flavorings, and/or colorants (Figure 14 ).

Figure 12 Milk imitations pie chart with most appeared ingredients (Almond 32%, Oat 24%, Soy 13%,
Rice 13%, Coconut 12%, Mixed 6%)
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White

Figure 13 Cheese imitations pie chart with specific categories appeared (Yellow 77%, Spread 13%, White
cheese 10%)

nut (cashew) mixed

soy (tofu)

vegetable oil

Figure 14 Cheese imitations pie chart with the percentages of different ingredients on the total cheese
imitations matrix. (Vegetable o1l 83.1%), pulse/soy/tofu 12%, mixed 4% and nuts 3%
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3.4 Claims and quality indicators on plant-based
imitations

Both meat and dairy imitations on the Greek market appeared with on-
pack communication labeling. The majority of meat and dairy imitations had a
variety of claims, including nutrition claims (65%), special diet-vegan (62.3%),
allergen-free (39.6%), naturalness (25.2%), and bio/organic (37.3%).
Nevertheless, none of the investigated products, though, contained a health
claim (Table 11).

Table 11 Prevalence of meat and dairy imitation products bearing nutrition claims and other quality indicators on
their packaging.

Imitation Protein Sugar Fat Fiber Vitamin | Minerals | Vegan/ | Meat- Dairy- | Gluten Soy- Bio/ Natural
products Claim Claim Claim | Claim Claim Claim Vegeta free free - free Organic n(%)
n(%) n(%) n(%) n(%) n(%) n(%) rian n(%) n(%) free n(%) n(%)
n(%) n(%)
Cold 5(27.8) 2 - - 16 12 7 3 2(11. 15 2 (11.1)
Cuts (11.1) (88.9) | (66.7) | (389) | (167) | 1) | (83.3)
(n=18)
Sausages | 8 (42.1) 2 - - 18 15 8 4 1 13 2 (10.5)
(n=21) (10.5) 94.7) | (78.9) | (42.1) | (21.1) (5.3) (68.4)

Red meat 16 4(9.3) 8 5(11.6) | 5(11.6) 31 21 5 10 8 10 12
(n=43) (37.2) (18.6) (72.1) | (48.8) | (11.6) | (23.3) | (18.6) | (23.3) (27.9)
Poultry 11 2 6 4 (25) 4(25) 14 10 2 2 2 - 3(18.8)

(n=16) (68.8) (12.5) | (37.5) (87.5) | (62.5) | (12.5) | (12.5) | (12.5)
Milk 25 140 37 26 42 (17.4) 50 130 - 72 691 72 111 64
(n=233) (10.4) (58.1) | (15.4) | (10.8) (20.7) (53.9) (29.9) | (28.60 | (2.90. | (46.1) (26.6)
5) 9)
Yogurts 9(19.1) 10 5 - 7 (14.9) 7 (14.9) 23 23 10 21 13 12 11
(n=55) (21.3) | (10.6) (489) | (48.9) | (21.3) | (44.7) | 27.7) | (25.5) (23.4)
Cheese - - - - - - 60 60 62 46 14 24
(n=85) (70.6) | (70.6) | (72.9) (54.1) | (16.5) (28.2)
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Most often used nutrition claims for meat imitations were for protein
(41.7%), fiber (18.8%), vitamins and minerals (9,4%). The category with the
highest frequency of protein claims (68.8%), fiber claims (37.5%), and vitamin
and mineral claims (25%) was poultry imitations (Table 11). On their package,
83.3% and 68.8% of cold cuts and sausages imitations were labeled as
bio/organic. All categories of meat imitations contained natural claims, with
the highest frequency (27.9%) observed in the red meat imitations.Most of them
concerned the absence of preservatives and/or artificial ingredients (such as
artificial vitamins). Concerning protein claims a quarter of the total products
had the reference about plant based protein. There were also mentions such as
“high content in plant-based protein”, “x grams of plant protein per serving,
“pure plant-protein (not concerned as a protein claim). Other ingredient
mentions, in less than 10% of total products, referred to added ingredients such
as "with extra virgin olive oil”. Vitamin claims presented intertwined in B12
and for mineral claims in Fe only. As regards on environmental claims, GMO-
free labels appeared too. It is remarkable also that only 3 products of the total
were Greek with Greek mention on the package. Allegen-free claims were also
found in all categories of meat imitations. There were gluten-free claims on
23.3% of red meat imitations, 21.1% of sausage imitations, 16.7% of cold cut
imitations, and 12.2% of poultry imitations. There were soy-free claims on
11.1% of imitation cold cuts, 18.6% of imitation red meat, 12.5% of
poultry imitations, and 5.9% of imitation sausage. Although, almost 90% of the
total meat imitation products carried other allergens on the ingredient list such
as nut or sesame or cereals. A vegan/vegetarian claim was present at 82.3% of
the meat imitations, while 60.4% of these products carried a meat-free claim.
Five of them carried a cruelty free mention and two were for other special diet
one with a halal logo and one for keto diet.

In dairy imitation products, protein claims were present at 19.1% of
yogurt imitations and 10.4% of milk imitations. The 58.1% of milk imitations
had a sugar claim, 15.4% a fat claim, 10.8% a fiber claim, 17.4% a vitamin claim,
and 20.0% a mineral claim. Thirty-seven percent of dairy imitations in
general were bio/organic and twenty-six percent carried a natural claim ("100
% natural ingredients").

For milk imitations the most appeared nutritional claims concerned
sugar (low sugar: 3%, sugar-free: 15%, with no added sugars/naturally
occurring sugars: 40%) and fat claims (low fat claim: 12% and low-saturated fat
claim: 3%, fat free claim: 0%). Products with vitamin claims usually carried
more than one vitamin on it. Vitamin B12, B2, D2, E, were the most appeared
combination , followed by the combination of vitamin D and K or D and B12
and D2. Mineral claims concerned only Ca (Calcium) and reached 20%. Milk
imitations carried a Greek product mention reached 10%. Six milk imitation
products carried an environmental claim with a logo about climate footprint
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(CO:z per kg). Cheese did not carried any nutritional claim while allergy-free
claims concerned lactose and gluten. Forty-five percent of plant-based yogurts
were gluten-free, while all dairy imitations categories carried a soy-free claim,
in different percentages. The carried mostly sugar claims (49%-with no added
sugars and 4% sugar-free claim). Nevertheless, 30% of imitation yogurts were
Greek products. Summarily, the prevalence of dairy imitations that claimed to
be vegan/vegetarian was 57.1%, while 38.6% claimed to be dairy-free (Table
11).

3.5 Nutritional composition, profile and comparisons

Nutritional composition based on mandatory nutritional labeling of
meat and dairy products and their imitations is presented in Tables 12-15 and
Figures 15-25.

3.5.1 Comparisons based the specific subcategory of imitation without
concerning the main ingredient

In terms of calorie content, sausage imitations had the highest
percentage (247kcal/100g) among all meat imitation products, followed by
imitations of red meat (231kcal/100g), cold cuts (222kcal/100g), and poultry
(220kcal/100g) (Table12). All meat imitations were both high in protein and
fiber. Both sausage and poultry imitations were low in saturated fatty acids,
however plant-based cold cuts were high in salt (Table 12). The highest
concentration of carbohydrates was found in poultry imitations, although the
sugar content of the various subcategories was quite similar, with the exception
of sausage imitations. Related to plant-based dairy imitations, plant-based
beverages were low in SFA, and yogurt imitations had a low total and saturated
fat content
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Table 12 Nutritional composition of meat and meat imitation categories

Meat Categories Cold Cuts Sausages Red Meat Poultry
Plant- Animal- Plant- |Animal- Plant- |Animal- |p- [Plant- Animal-
Nutrients based based value based |Based value based |Based |[valu [based Based value
(n=18) (n=66) (n=19)  |(n=27) (n=43)  [(n=6) e (n=16) (n=14)
221.5 169.5 247.0 247.0 231.0 213.0 219.5 194.0
Energy (kcal) (180.0, (101.5, ]0.194 |[(211.0, |(224.0, ]0.288 [(195.0, |(183.3, ]0.522](190.3, (189.5, 10.393
248.3) 273.0) 269.0) 300.5) 252.0) 234.3) 247.3) 230.5)
b7 3 14.5 25.2 13.5 17.6 12.9 122 16.4
Protein (g) ' (12.7, 0.055 [(19.4, (12.2, <0.001 |(14.9, (113, 0.041( (12.8, 0.019
(5.2,32.2) (9.4, 14.0)
21.8) 30.6) 15.0) 24.0) 18.5) 18.4)
12.5 20.1 15.6
12.2 10.0 12.5 8.0 9.6
Fat (g) 0.322 |(10.3, (155,  [<0.001 (10.6, 0.206 0.289
(84,16.0) |(2.3,22.0) (7.6,15.2) (7.3,12.0) |(9.0,11.9)
150)  [255) 17.0)
1.8 3.0 1.3 7.5 1.8 6.7 1.0 3.7
SFA (g) 0.479 <0.001 0.215 0.016
(12,36) |(038,7.0) (1.0,7.4) |(55,9.8) 0.9,7.9) |(42,82) 0.7,3.0) |(3.0,4.2)
11.0
5.4 4.0 4.2 2.8 7.0 6.7 15.9
Carbo-hydrates (g) 0.134 0.04 0.488 (58.0,  [0.005
(29,65) |12, 6.0) (3.6,5.6) |(1.0,5.9) (4.1, 10.5)[2.0, 8.1) (13:3,20.0) | 5
1.7 0.9 0.6 0.9 1.1 1.1 14 0.6
Sugars (g) 0.001 0.956 0.658 0.086
0.8,24) |(0.0,1.1) (0.5,2.0) |(0.48,1.2) (0.6,2.0) |(0.8,-) 0.6,26) |(05,1.2)
. 4.4 0.0 3.2 1.5 4.1 4.7 3.7
Fiber (g) 0.043 0.456 - - 0.354
4.1,5.0) |0.0,0,0) (0.7,45) |1.3,-) (2.0,5.7) 23,61) |04, -)
2.1 2.5 1.5 2.3 1.3 1.2 1.3 1.5
Salt (g) 0.026 <0.001 0.811 0.271
(1.8,26) |(2:2,2.8) (1.3,1.8) |(1.8,2.5) (1.0,1.8) |(1.2, 1.6) (1.0,1.6) |(1.3,1.7)
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Table 13 Nutritional composition of dairy and dairy imitation categories.

Dairy Milk Yogurt Cheese
Categories
Plant- Animal- Plant- Animal- Plant- Animal-
Nutrients | based based p-value | based based p-value | based based p-value
(n=221) (n=119) (n=40) (n=137) (n=80) (n=172)
46.0 63.0 80.0 78.0 283.0 302.5
Energy
(kcal) (32.8, (46.0, <.001 (69.8, (69.0, 0.034 (248.0, (247.0, 0.034
57.0) 65.0) 97.5) 97.0) 305.0) 361.0)
. 07 33 21 6.2 0.5 23.0
Protein (g) | (0.5, <0.001 (1.0, <0.001 <0.001
(3.3, 3.5) (4.8,82) (0.0, 1.6) (16.0, 26.0)
1.2) 3.8)
L6 1.6 23 2.0 23.0 24.0
Fat (g) 1z, 0.001 1.9, 0.028 0.028
(1.5,3.5) (1.6, 4.4) (20.0,24.0) | (17.6,29.0)
2.2) 4.7)
02 1.1 04 1.3 20.5 16.0
SFA (g) 02, <0.001 | (03, 0.001 0.001
(0.8,2.2) (1.0,2.7) (15.8,21.0) | (11.5,20.0)
0.4) 0.7)
Carbs () 2‘75 47 0362 2;‘68 5.2 o001 | 210 0.5 0.001
arbs (g 5, . .6, <0. <0.
47,51 4.0,8.7 11.5, 23. .0, 1.
9.0) (4.7,5.1) 15.0) (4.0,8.7) (11.5,23.0) | (0.0,1.9)
34 4.7 85 5.1 0.0 0.3
Sugars (g) | (1.3, <0.001 (0.8, <0.001 <0.001
(4.6,5.1) (4.0, 8.7) (0.0, 0.5) (0.0, 1.0)
6.0) 11.0)
. 06 04 10 0.0 1.9 0.0
Fiber (g) 0.4, 0.055 (0.5, <0.001 <0.001
0.0, -) (0.0, 0.8) (0.5,2.9) (0.0, 0.0)
1.1) 1.4)
01 0.1 01 0.1 1.9 1.8
Salt (g) 0.1, 0.301 0.1, 0.359 0.359
01) (0.1,0.1) 01) 0.1,0.2) (1.7,2.1) (14,2.2)
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3.5.2 Comparisons with counterparts

The study also compared the nutritional composition of plant-based
meat and dairy imitations to their animal-based counterparts, per meat and
dairy category, in terms of energy and important nutrients (protein, total fat,
SFA, carbohydrates, sugars, fiber, and salt) (Table 12). (p=0.001) Plant-based
cold cuts contained more sugars than their animal-based counterparts. Energy
and key nutrients did not differ between plant-based and animal-based red
meat imitations. Comparatively to poultry meat, imitation products had more
carbohydrates than animal-based counterparts (p=0.005). The meat category
with the biggest distinctions between plant-based and animal-based products
was sausages. Specifically, sausage imitations contained more protein and less
salt, total fat, and saturated fat than their animal-based counterparts. However,
there were no significant differences in the amounts of energy-carbohydrates,
sugar, and fiber..

But when related to dairy products (Table 13), there were observable
differences across all categories Particularly, plant-based milk substitutes
contained less calories, fat, SFA, and sugars, but also less protein. Similar levels
of carbohydrates, fiber, and salt were observed. Compared to their animal-
based counterparts, plant-based yogurt imitations were lower in saturated fatty
acids and higher in fiber, but higher in carbohydrates, sugars, and lower in
protein. Generally, plant-based cheese imitations had more saturated fatty
acids, carbohydrates, and fiber, but less protein than animal-based cheese
products. There were no differences between the energy, fat, and salt levels of
yogurt and cheese imitations and their animal equivalents.

3.5.3 Ingredient-based and in between categories comparisons

Comparing meat imitations based on ingredients, without considering
the exact subcategory they belong, (Figure 15) a big difference among protein
content appears (Figure 16). In comparison to soy (14.5g/100g) and other/mix
(15g/100g) based imitations, wheat-based imitations have almost 10 grams
more protein (27g/100g. Energy (Figure 17) were very close in all of the three
categories with 197 kcal for soy-based, 240 kcal for wheat based and 235 kcal
on other/mix -based. Fiber content was higher on other/mixed products and
salt approximately in the same level on each three categories with wheat-based
to over 1,5 g per 100g (1,7g/100g) of product. Total and saturated fat are higher
in other/mix -based (14,5g/100g and 3,5 g respectively), while carbohydrate
content is much higher on soy-based but sugars on wheat-based. None of the
above nutrients differences seemed to be significant.

When comparing the nutritional composition of meat imitations, in-
between the meat categories, respectively, based on the main ingredients used
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to manufacture food products that mimic meat (Table 14), no differences were
observed between soy-, wheat- or mixed-based cold cuts or red meat or poultry
imitations. However, only the protein content of the sausages
imitations differed. Specifically, wheat-based sausage imitations contained
more protein than the soy-based and mixed versions. In contrast, numerous
distinctions were detected between groups of plant-based dairy substitutes
based on their matrix. Energy, protein, total fat, saturated fatty acids, carbs,
sugars, and fiber varied among plant-based milk imitations [44].

Comparing milk imitators by their ingredient bases revealed (Table 15
& Figures 18-22) significant differences between milk imitations. Energy and
salt content were the only nutrients that did not differ.

Specifically depending on the ingredient, coconut milk presented the
lowest content in energy, while pulse-based milk imitations were the highest
in protein (3,3g/100g) compared to nut-(0,8g/100g), coconut- (0,2g/100g), grain-
(0,7g/100g) and mixed-based (0,5g/100g). Fat content among categories were
very close, while pulse-based imitations having the highest content
(2,25g/100g). Coconut-based milk imitations were those with the highest
saturated fat content (1,4g/100g). Carbohydrates and sugar content was
significant higher on grain milk imitations (9,6g/100g and 5,55g/100g,
respectively), especially when compared to nut-based (3,1g/100g and
2,4g/100g) and other/mixed ones.

Differences in-between the plant-based yogurt imitations” (Figure 26)
category found at protein content, SFA and salt. In particular, protein content
was the highest at yogurt imitations made from pulses (3,8g/100g) , especially
when compared with grain-based (0,85g/100g). Total fat content was in
coconut-based (5g/100g), when compared to grain-based (1,2g/100g), whereas
coconut-based yogurt imitations presented the highest levels of SFA and salt.

In-between plant-based cheese imitation (Figure 25), energy, protein,
total fat, SFA, carbs, sugars, and salt levels were different. Vegetable oil-based
cheese imitations seemed the poorest protein but the richest in saturated fatty
acids and salt. When comparing cheese imitations among different based
ingredients pulse-base had the highest protein level (15,5g/100g), whereas,
vegetable oil-based cheeses had the highest saturated fat content (21g/100g)
and nut-based (cashew) cheeses had the highest total fat and carbohydrate
content.

64



Table 14 Nutritional composition of meat products according to the main ingredient used as an alternative source
of protein.

Cold Cuts Imitations (1 = 18)

Sausage Imitations (1 =19)

Red Meat Imitations (n = 43)

Poultry Meat Imitations (1 = 16)

i Wheat- Soy- [Wheat- Wheat- Wheat-
Nutrients Soy-Based € lother oy €2 lother Soy-Based ea Other Soy-Based ea Other
1=1) Based 1 = 8) p-Value |Based [Based o = 2) p-Value 1= 9) Based 1 = 22) p-Value 1= 8) Based 1 = 5) p-Value
(n=9) (n=3)|(n=12) (n=12) (1 =3)
2440 1975 515 | 1625 21.0 2365 249.0
Energy 166.0 265, (1725 69.0 (545 (135.0 2220 02,0, | 0.820 1955 229 o155
(kcal) (1660,1660) | s || 007 |@70f oo | 5an | 004 | Geg |aes82022] S (1865,2218) | @12 (50| 0142
)| 2600)
protein (9| . 17° éz‘i (ié sa | 22 | o 149 255 (ii'g - 114 13.7 (16350
(155,155) | L [ a10) | 004 o] 27 70, | 0005 | 145240 | (197,276) | 0 (9.5,13.8) (105, | 17 | 0852
R
Fat (g) 10.0 122 166'; go | 18 9.0 10.7 9.9 ﬁg 0,020 7.9 7.8 1:"23
® (10.0,10.0) 84,135 €3 | 0192 ©8, | 0024 | 28182 | @2124 | W[ O (6.5,10.8) 76,9 | &% | oeso
18.0) 17| 104 16.6) 17.5)
7 133
15 11
26 26 2 7.0 40 12 53 12 0.8
SFA (8) 26,26 1,59 > | o500 | O ©09,9 | 0186 | 04,93 | ©818 |a195| %0 0.7,3.1) 08,9 |O% ] o0s12
2.1) 22,9 12.6)
09, 1.3)
59 14
Carbohyd 3.0 N 0 5 43 5.0 6.6 77 | s 16.6 208 |
rates (g) 30,30) |Go65| ® | ors7 @0, | 0749 | 29,148 | @8 120) |@a7 100 (12.8, 20.0) 57,9 |6 o001
7.0) 15.3)
3.0, | 3.6,5.8)
sugars (&) 20 15 (éz 1 6 0.5 0.9 15 08 | 0008 0.9 27 &'i
8B 20,200 |04 2 be | 0763 ©0,- | 0007 | 0511 | av27 |o0625] (0.5, 4.6) 059 |5y | 0450
8) 07,9 |04 ,20) 1)
44 9 32 5.7 4 41 28 50 47
Fib ; ; 4.1 : : ‘ : 0.649 : : :
iber (g) (5 o 24, G232 0000 | 26125 | @5+ |[@o53) (16, 6.5) 6.0,50) |32, 0759
: 0.0, -)
24 14
1.9 19 9 6 13 13 17 13 13 0.9
Salt () 19,19) |a4,25] @Y | 0334 12,9 | 0054 | 09,14 | @319 |ao1n| %0 (L1, 1.5) 09,9 | Y] oess
2.8) 14| 1418 19)
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Table 15 Nutritional composition of dairy products according to the main ingredient used as an alternative
source of protein or fat.

Milk Imitations (1 = 221) Yogurt Imitations (n = 40) Cheese Imitations (1 = 80)
Nutrients Nut- Cocon Grain- |Pulse- . P Nut- (Cocon Grain- |[Pulse- P Nut- [Pulse- | .. Veget.a p-
ut- Mixed Va ut- Va Mixed |ble oil] Va
Based Based Based |[Based =16 |1u Based Based Based |Based lu Based [Based n=3) [Based | Iu
=64 =62 =2 =14 = =12 =2 =
(n=64) (n=18) (n=62) |(n=20) e (n )(n=8) (n=6) |n ) e (n=2) |n=9) =66 e
Energ 37.0 30.5 55.0 50.0 2.0 9.5 1.0 4.0 5.0 38.0 | 65.0 81.0 | 85.0
(kcal)y (27.0, | (20.0, (47.8, (41.0, 0.001 0.154 0.001
51.0) 40.3) 61.0) 61.0) 28.8, ’ 57.8, | 76.8, 84.8, | 59.8, 429.1, -| 120.0, |166.0, -] 277.0, |
56.8) 110.0) | 111.3) | 96.5) | 80.8) ) 200.5) ) 305.0)
Protein (g) 0.8 ((())i 0.7 3.3 5 = 6 7 8 9 6.0 7 0
& (0.6, 1.0) 0‘4)/ (0.5,1.0)]1(3.0,3.7) 0.001 0.8 06 12 36 0.001 13.0 0.0 0.001
’ 4, 1. " " - " 7.1, - 125, - "
04,1.0) 23) | 21 | 21) | 39 I ss) |27 os)
Fat (g) 1.9 (1; 13 22 1.6 4 4 1 2 o 0 63 | 30
a 2, .
a429| a0 s fas2s o2yl oo ] o) wis| 70 [ | 20 0.001
5.2) 5.3) 3.2) 2.3) .' 13.0) .' 24.0)
14 0.4 3.8 0.3 0.3 1.6 21.0
0.2 0.2 0.4 0.2 16.0 14
SFA (g) (1.0, o1 | az | ©1, | ©03, Jo.0o1 (12, (184, |0.001
(0.1, 0.3) 25) (0.2,0.3)] (0.3,0.5 (0.1, 0.9) |0.001 0.5) 15) 0.4) 0.4) (10.1, -) 22) (1.2,-) 21.0)
2.0 11.2 10.1 15.0 9.9 1.1 219
Carbo- 3.1 9.6 3.2 4.0 40.9 9.7
(1.6, @7, | 61, | as4 | @9, |0.049 (0.8, (15.7, {0.001
hydrates ()| (1.5, 6.9)| < [7.7,11.0)| 1.0, 6.4) [ 5,99 [o.001| (| 10 o0 | 15 @99 50 [©39] 150,
15 19 8.1 8.5 9.2 0.5 0.0
2.4 5.6 3.3 14 1.6 0.3
Sugars (g) (0.5, ©6 | @5 | @4 | 14, Jos2s (0.5, (0.0, [o.001
03,41 5 o | 44,75 (16,63 | 02,46 fo.oonf "t L 0L | be |©39] 03
0.2 1.1 1.0 0.5 2.0
0.8 0.8 0.6 0.2 0.8 2.1 1.7
Fiber (g) 0.1, (0.8, ©5, | 05 fo421] - (2.0, 0,953
(0.4, 1.6) 06) (0.5,1.2)1(0.5,0.9) ] (0.1, 0.5) |0.001 1.6) 0.3, -) 1.1) 05) 20) 0.4,-)](0.5,-)
0.1 0.1 0.2 0.1 0.1 14 2.0
0.1 0.1 0.1 0.1 1.1 1.0
Salt (g) (0.1, ©o, | 02 | 01, | o1, (0.1, (1.8, |0.001
©10n] b (01,01) 01,02 [ 0.1, 0.1) J0.053| vl ow | on | oy 0.010) (10,9 | | 5 (0.8,-) 22
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Figure 15 Nutritional composition of meat imitations among different categories (soy-, wheat-
and other-based) on main ingredient. Values indicate medians of each nutrient protein, total fat, saturated
fat, carbohydrates, sugar, fiber and salt expressed in grams.
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Figure 16 Protein content of meat imitations among Figure 17 Energy content of meat imitations among
different categories (soy-, wheat- and other-based) on main different categories (soy-, wheat- and other-based) on main
ingredient. Values indicate medians (g/100g). ingredient. Values indicate medians (kcal/100g).
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Figure 18 Nutritional composition of milk imitations among different categories (nut-, coconut-, grain/cereal-, pulse-, mixed-
based) on main ingredient. Values indicate medians of each nutrient protein, total fat, saturated fat, carbohydrates, sugar, fiber and salt
expressed in grams.
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Figure 19 Carbohydrates content of milk imitations Figure 20 Energy content of milk imitations among
among different categories (nut-, coconut-, grain/cereal-, pulse-, different categories (nut-, coconut-, grain/cereal-, pulse-, mixed-
mixed-based) on main ingredient. Values indicate medians (g/100g). based) on main ingredient. Values indicate medians (kcal/100).
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Figure 21 Protein content of milk imitations among
different categories (nut-, coconut-, grain/cereal-, pulse-, mixed-
based) on main ingredient. Values indicate medians (g/100g).

saturated_g

1,6
1,4
1,4
1,2
1
0,8
0,6
0,4
0,4
0,2 0,2 0,2
0
Nut Coconut Grains / Cereals Pulse Mixed

Figure 23 Saturated fat content of milk imitations among
different categories (nut-, coconut-, grain/cereal-, pulse-, mixed-based)

on main ingredient. Values indicate medians (g/100g).
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Figure 22 Sugar content of milk
imitations among different categories (nut-,
coconut-, grain/cereal-, pulse-, mixed-based) on
main ingredient. Values indicate medians (¢/100g).
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Figure 24 Fiber content of milk imitations among

different categories (nut-, coconut-, grain/cereal-, pulse-, mixed-
based) on main ingredient. Values indicate medians (g/100g).
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Figure 25 Nutritional composition of cheese imitations among different categories (nut-, mixed-, pulse-,

vegetable oil-based) on main ingredient. Values indicate medians of each nutrient protein, total fat, saturated fat,
carbohydrates, sugar, fiber and salt expressed in grams.
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Figure 26 Nutritional composition of yogurt imitations among different categories (pulse-, coconut-, grain-,
nut-based) on main ingredient. Values indicate medians of each nutrient protein, total fat, saturated fat, carbohydrates,
sugar, fiber and salt expressed in grams.
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3.6 NutriScore profiling

The Nutri-Score system was used to evaluate the nutrient profile of the
meat and dairy, imitations and to compare with their animal-based
counterparts (Figure 27 and 28). FSAm-NPS Score and therefore Nutri-Score
categories A-E were estimated. Nevertheless, no one of the products studied
gained positive points for FV%. Following the guidance on quantifying the
fruit, vegetable, pulse, nut and rapeseed oil, walnut and olive oils content of
processed product, after defining which exact ingredients of the specific
products in our study, soya beans, pulses, coconut, nuts (almond, walnut,
cashew, walnut, olive and rapeseed oil belonged to the groups that are capable
to gain extra points and furthermore could be defined as FVPNOs (according
to Eurocode 2). For their inclusion in the calculation, the form in which each of
the above exists in the product imposes numerous restrictions.

The acceptable levels of processing for inclusion in the calculation
depend on the health benefits associated with fruits and vegetables. Processing
can result in the loss of fiber and micronutrients such as vitamins. The
permissible processing levels for inclusion in the calculation depend on the
health benefits of fruits and vegetables. Fiber and micronutrients may be
also lost during the food's processing. Therefore, it would not be valid to count
ingredients such as concentrated fruit juice sugars, which are added to
products to enhance their sweetness, in the same manner as entire fruits and
vegetables. For the purpose of calculating a score, entire fruits and vegetables
(including those that are cooked and dried) and minimally processed fruits,
vegetables, and pulses (peeled, sliced, canned, frozen, purees, pulp, grilled,
roasted, or marinated) only count. However, fruits, vegetables, legumes, and
nuts are only considered in the calculation when their content exceeds 40
percent. Fruits, vegetables, and pulses that undergo additional processing
(such as concentrated fruit juice sugars, powders, freeze-drying, candied fruits,
fruits in stick form, and flours that result in water loss) are typically excluded.
For instance, soy proteins cannot be considered as vegetables. Fried vegetables
that are thick and only partially dehydrated by the process can be taken into
account, whereas crisps which are thin and completely dehydrated are
excluded. Coconut on the other hand, presents particular issues because it is
consumed differently than other nuts. The fresh coconut flesh should be scored
as fruit, the water of the coconut (also known as "coconut water") should be
scored as fruit juice (coconut water is the liquid that is extracted from the center
of an unripe green coconut without extracting or pressing the coconut flesh),
and the coconut milk that is obtained by extracting or pressing the coconut flesh
of a ripe coconut should be scored as fruit. However, in order to factor coconut
milk into the calculation, it needs to be regarded as food. Coconut cream should
be counted as additional fat rather than fruit because it does not contain any
fruit. Desiccated coconut and dried coconut are essentially the same product,
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and neither should be included in the calculation. Any other coconut form that
has been processed further than the original product should not be used.

Specifically, for meat imitations in our study, because the form of soy
used form them when referred to soy-based, soy was concentrated soy protein
that indicates further processes which may cause a loss in fiber and vitamins.
Therefore it cannot be included in the calculation of Nutri-Score. On wheat-
based meat imitations, the most prominent form of wheat was seitan, which
consisted of a combination of water, wheat protein, and textured protein as its
primary ingredients. Even if some products did not contain concentrated or
textured protein, their percentage was not capable to reach 40% to be included
in the calculation. FV% only counts when their content exceeds 40 %, as
previously stated. For other/mixed- based ones, flours/powders of vegetable
proteins were used, and also were excluded from the calculation.

For dairy imitations, specifically in milk, the fruit (coconut) ingredient
was either as concentrated fruit, either from puree or coconut water. The only
form of the above could have been counted is coconut water but, neither this
neither none of the other forms exceeded 40%. Rapeseed oil was also in low
percentage on milk imitations. For yogurts, soya juice appeared as the main
component in many of them but, its composition was almost 90% water and up
to 10% of soybeans. This means that the percentage is very low to be counted.
Fruit formulas had the same problem. Either coconut milk was not enough to
be counted or more complicated fruit products including water, thickening
agents had concentrated fruit juices in low percentages. Nuts either on milk or
yogurt imitations did not exceed the 4% per 100g or the product. Consumers
are encouraged to take note of the quantity of fat (which they should avoid)
and calcium contained in cheese by the guidelines for cheese calculation
(encourage). Furthermore, there is a strong linkage between the amount of
protein and calcium in dairy products, yet calcium is not to mandatory
declaration. This leads to a modification of cheese calculation in order ensure
that protein content is always counted (which would otherwise be precluded
by their salt, calorie and saturated fatty acid content, as these result in a total N
value exceeds 11). This guarantees that their calcium levels are taken into
account. Thus, protein content was always taken into account, no matter if N
points were less than 11 or more. The thresholds for the other food categories
remain the same [cheese nutritional score=Total N points-Total P points].
Cheese imitations in our study could have gain extra points from rapeseed and
walnut oil, since they are mostly vegetable oil-based, but this kind of oils were
complementary to coconut oil which was the most common used by
manufacturers. The percentage of rapeseed was either too low or not
mentioned (which may indicates of an underestimation of Nutri-Score).
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In plant-based meat imitation products, 12% was graded as A, 16.8% as
B, 30.5% as C, 35.8% as D, and 5.3% as E (Table 16). The majority of plant-based
meat products and animal-based meat products were given grades of D, with
the exception of plant-based poultry imitations, which were most frequently
given grades of C (Figure 19). The FSAm-NPS Score for animal-based sausages
was found to be the greatest (FSAm-NPS Score = +23), followed by the score for
red meat imitations (FSAm-NPS Score = +22), while the score for poultry and
red meat imitations was found to be the lowest (FSAm-NPS Score = -7 for both
cases).

Concerning the interquartile range of each imitation category, sausage
imitations (light blue) had the biggest range of FSAm-NPS scores while poultry
imitations ( light yellow) had the smaller distribution. Cold cut imitations most
frequent scores were D and C in 38,9%. B was the second often score, followed
by A and E 5.6% in both case respectively. Sausage imitations ( appeared with
a score D the most, followed by C(31,6%), B (15.8), E (5,3%). Red meat imitations
were also detected with D (35,7%), C (26,2%), B and A (16,7%), and E (4,8%).
Poultry imitations appeared with C score (31.3%), B score (25,5%), A and D
score (18,8% respectively) and E (6,3%).

There was no significant different found in any of the meat categories
between the means of the FSAm-NPS Scores of meat products originated from
plants and those originated from animals. The percentage of plant-based meat
imitations that met the criteria for an A grade was lower than 20%. To be more
specific, the predominance of Nutri-Score Category A was 18.8% for chicken
imitations, followed by plant-based red meat imitations (16.7%), cold cut
imitations, and then poultry imitations again. Sausage imitations had no score
category A. Score B and D was detected in all meat and meat imitation
categories. For score B red meat imitations had the highest frequency (44,4%)
followed by poultry and sausages, both animal based. In general score B in
imitations was not detected that often as in animal-based counterparts. Plant-
based sausage imitations and animal-based red meat did not include products
classified in the Nutri-Score Category A in their interquartile range. (Outliers
did not considered in the results).

Both plant-based and animal-based milk products were graded B most
frequently (Fig 28). The proportion of animal-based products classified as
Nutri-Score Category A was greater (35.8%) than that of plant-based milk
imitations (21.3%).
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Figure 27 Distribution of plant-based meat imitations and their animal-based equivalents within the Nutri-Score
categories. (Overall Boxplots of animal-based (AB) and plant-based (PB) products within the food categories
analyzed. Dark green: Nutri-Score

Plant based milk imitations’ distributions was smaller than their
counterparts, while the first has its 76,3% of the products scored with B (Table
17). Milk imitations had no E and just one product with a D Nutri-Score. On
the same pattern, the majority of animal-based milk received a B score (62.5%),
followed by an A (35,8%). On the same pattern the majority of animal based
milk has attributed a B score (62,5%) and A score followed with 35,8%. In
animal-based milk neither D or E score is detected. Most plant-based yogurt
imitations were rated as Nutri-Score Category B, whereas animal-based
yogurt were classified as Nutri-Score Category C. No yogurt, whether plant-
based nor animal-based, had a D or E Nutri-Score categories. Plant-based
yogurt imitations presented a statistically significant higher mean of FSAm-
NPS Score compared to their animal-based equivalents. Yogurt imitations were
detected with B score the most (48,9%). Score A (27,7%) and C (23,4%) followed,
without any D or E. The percentage of animal-based yogurt with an A score is
the highest of any dairy product, whether plant- or animal-based (52.7%). Most
plant-based cheese imitations were classified as Nutri-Score Category E,
whereas animal-based were classified as Nutri-Score Category D. Seventy-one
percent of plant-based cheese imitations were classified as Nutri-Score
Category E, followed by C (9.6%), D and A (7.2% each), and B (4.4%). The mean
FSAm-NPS score of plant-based cheese imitations was significantly higher than
that of their animal-based counterparts. Cheese imitations was the only
category whose E score exceeded 50 % of the total scores on products. The
distributions of plant- and animal-based cheeses are quite similar but Nutri-
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Score of the latter are in general lower. Lastly, In imitation cheeses, the majority
of products were found to have the highest E-score % compared to any other
plant-based, meat, or dairy imitation.
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Figure 28 Distribution of plant-based dairy imitations and their animal-based equivalents within the Nutri-Score
categories. (Overall Boxplots of animal-based (AB) and plant-based (PB) products within the food categories
analyzed. Dark green: Nutri-Score Category “A”, light green: Nutri-Score Category “B, yellow: Nutri-Score
Category “C”, light-orange: Nutri-Score Category “D”, and dark orange: Nutri-Score Category “E”.
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Table 16 Performance of the Nutri-Score nutrient profiling system at meat and meat imitations food groups

Food Mode A B C D E
Group (Range) [n(%)] | [n(%)] | [n(%)] | [n(%)] | I[n(%)]
Cold Cuts | D (A-E) 4(5.2) |13(16.9) |9(11.7) |36 (46.8) | 15 (19.5)
Cold Cuts N

Imitations D (A-E) 1(5.6) 2(11.1) |7@389) |7(389) |1(5.6)
Sausage | D (A-E) 3(79) |11(289) | - 13 (34.2) | 11 (28.9)
Sausage

Imitations D (B-E) - 3(15.8) |6(31.6) |9474) |1(5.3)
Red meat | D (B-D) ) 4(444) |1(111) |4(444) |

Red meat

imitation D (A-E) 7(16.7) |7(16.7) |11(26.2) | 15(35.7) | 2 (4.8)
Poultry D (A-E) 2(105) |7(368) |1(3) |[8(421) |1(.3)
Poultry

imitation C(A-E) 3(18.8) |4(225.0) |[5(31.3) |3(18.8) |1(6.3)

e Cand D percentages are equal.

Table 17 Performance of the Nutri-Score nutrient profiling system at dairy and dairy imitations food groups

Food Mode A B C
D % E [n(%
Group | (Range) [n(%)] | [n(%)] | [n(%)] [n(%)] [n(%)]
: 43 75
Milk B (A-C) o8 | 200 |- ]
Milk 51 183
Imitations B(A-D) (21.3) | (76.3) 5(21) |1(04) -
79 56
Yogurt | A (A-C) s | era 1900 |- ]
Plant-
13 23 11
based B (A-C) ) )
yogurt (27.7) | (48.9) | (23.4)
45
Cheese D (A-E) 9(4.20 (21.2) 17 (8.0) | 127 (59.9) 14 (6.6)
Plant-
based E (A-E) 6(72) (44.7) 8 (9.6) 6 (7.2) 59 (71.1)
Cheese
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4.DISCUSSION

HelTH update was the main focus of this study. The presence of
imitation products necessitated a thorough examination of food information
and an appreciation of the limitations of the dataset. Any innovation that arises
will be supported by new adaptations in the methodology and these new
adaptations that have taken place will serve as a foundation for making
modifications and developing new rules in the future. In terms of the new trend
in the food market that is centered on processed food, the addition of new
aspects concerning processing methods will most definitely be a modification
that can be added in a possible update of Hel TH.

The Greek market is becoming increasingly popular with vegan
alternatives to meat and dairy products [41,45]. According to our knowledge,
this is the first investigation to assess the nutritional value of plant-based meat
and dairy alternatives sold in Greece. These innovative products found are in
line with global trends for vegan products. More specifically, it was always at
least one non-animal product available for purchase in the supermarket's
conventional category of meat and dairy products. However, the primary
component that was used varied depending on the category and the
subcategory of which exact product do they mimic.

In the majority of meat and dairy substitutes, water was listed as the first
component in the ingredient list, and the source of the specific protein was not
included until the second row. For imitations of cold cuts and sausage, wheat
was the predominant ingredient, while soy was the predominant ingredient for
imitations of poultry, and for imitations of red meat, soy, wheat, and pulses
were equally prevalent. Cheese was the most intriguing subcategory of dairy
substitutes, as it was the only subcategory in which vegetable oils were the
primary ingredient for 80.9% of all products. For milk imitations, the most
common ingredients were nuts and grains, while for yogurt imitations, it was
nuts and soy.

An important finding was the nutritional composition of meat and dairy
imitations, particularly in comparison with animal-based counterparts. The
energy content of meat imitations was similar to that of their animal-based
counterparts. Sausage substitutes contained less saturated fatty acids and salt
than their animal-based counterparts, but their salt content is still considered
high. In addition, sausage imitations contained more protein than their animal-
based counterparts. In comparison to their animal-based counterparts, poultry
and cold cuts imitations had more sugars and carbohydrates respectively, than
their corresponding equivalents. It is essential to note that starch sources are
utilized in meat imitations due to their properties relating to texture
improvement, shelf life extension, cohesiveness, and elasticity. These
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characteristics are mostly connected with starches' capacity to gelatinize into
stable gels [50]. This is in line with research who indicates soy as the preferred
component-due to its high moisture- of poultry imitates and wheat as red meat/
original preserved imitate due to the difference in their final look and texture
[10,25,27,51,52].

In dairy alternatives, only milk imitations showed a lower energy
content than animal milk among all dairy imitations. Yogurt and cheese
imitations contained higher carbohydrates and fiber, but yogurt alternatives
included more sugars. In contrast, milk imitations had less [30] sugar than their
animal-based counterparts. Changes in carbohydrate content could be
connected with the natural carbohydrate-rich composition of plant-based foods
[563-55], as such the usage of plant-based matrix is also linked to higher fiber
content [50]. All categories of plant-based dairy imitations contained less
protein than their animal-based counterparts. The findings of the present study
are consistent with those of studies conducted in other countries on the
nutritional composition of plant-based products. For example, the Italian non-
dairy milk FLIP study [56] found that plant-based beverages had a lower total
amount of energy and sugar when compared to their counterparts that were
derived from animals. Our findings were in agreement with those of other
researchers who found that milk imitations made from plants include a
significantly lower concentration of protein when compared to animal-
based milk products [57]. Our observations, along with those of others,
indicated that cheese imitators have a high level of SFA [58].

Regarding plant-based diets, protein intake but also protein quality are
extremely important factors. Protein bioavailability and digestibility is linked
to the product's amino acid profile. Out of the full range of twenty amino acids,
the nine essential amino acids are these that needed to be consumed, but
essential amino acids cannot be synthesized by any endogenous human
metabolic pathway. Plant-based protein sources, usually do not contain a
satisfactory amount of amino acids compared to animal meat or
dairy. Furthermore, they contain phytate and dietary fibers that inhibit protein
digestion and bioavailability [59]. For this reason one or more sources have to
be combined. Food such as nut, seed, legumes, grains and vegetables are
considered incomplete proteins because they are missing one or more amino
acids. Cereals are low in lysine but high in methionine, while pulses are the
opposite-they are a source of lysine and has no methionine. Rice, on the other
hand is low in lysin, but a great source of methionine. As the other/mixed meat
imitation category of our study indicated, pulses usually are combined with
rice in order to be complementary and reach the adequate intake [59].
Regarding micronutrients declared on-pack, plant-based dairy, especially
beverages, were mostly fortified with Calcium, Potassium, Vitamins of B
complex (B2, B12), and/or D, while meat imitations were enriched with B12 and
Iron (Fe). The amount of fortification was almost the same in all fortification
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categories per product, reaching the adequate intake. Other studies have
shown that iron, among other micronutrients, is primarily affected by the
processing method, and even though some products are fortified, their
estimated bioavailability is low. In addition plant-based proteins productions
undergo harsh conditions. Thermal treatment and shear stress alter
intramolecular and intermolecular bonds and result in protein denaturation.
As a result, the protein structure denatures and the product's bioavailability
and digestibility change. Overall, the selection of a suitable protein source and
processing method can be used to improve the digestibility and bioavailability
of plant-based proteins, thereby enhancing the nutritional profile of plant-
based imitations [30,59].

The variety of ingredients had an effect on the amount of protein that
was contained in the products. Only in soy-based sausages was there a
significant difference in protein content, and it was in favor of wheat-based
formulations. This was not the case when comparing other meat imitations,
where no significant differences were found. In contrast, formulations based
on pulses had the highest protein level among dairy substitutes. In particular,
vegetable oil-based cheeses lacked protein, as opposed to fat. It is important to
note that in our analysis, particularly for meat imitations, the nutritional
makeup was similar across brands from the same manufacturer. This may
imply that the manufacturer uses a same recipe to create various products. This
suggests that there is a lack of diversity in products offered when it comes to
imitations of meat products, as they are all made from almost the same recipe.
Additionally, the substitute protein and fat ingredients used in the imitation
meat and dairy products sold in Greece were almost always the same as those
discovered in other studies.

An excessive use of ultra-processed foods has developed into a public
health concern The consumption of energy from UPFs has been associated with
increased risks of obesity, type 2 diabetes, metabolic syndrome, hypertension,
cardiovascular disease, depressive symptoms, cancer and overall mortality.
According to the NOVA food classification system, foods are placed into one
of four categories: unprocessed, processed, ultra-processed, and culinary
ingredients. These categories are ostensibly determined by the degree of
industrial processing as well as the reason for processing in the first place. Salt,
sugar, and fat are common ingredients in UPFs, and they are frequently present
in higher concentrations in processed foods. The most typically from
manufacturers ingredients use, such as plant protein isolates, modified starches
and oils and additives, including colorants, flavors and/or flavor enhancers,
emulsifiers, and non-sugar sweeteners (xanthan gum, locust bean gum,
methylcellulose, ascorbic acid, citric acid, ascorbic acid, methylcellulose,
carrageenan gum, citric acid, ascorbic acid, xanthan gum, locust bean gum, b-
carotene, and so many other ingredients), which are in the formulations of most
plant-based meat and dairy alternatives, classify them into the UPFs NOVA
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category. This is because they were created from food components and
contained multiple ingredients that were highly processed in an industrial
process, usually involving mixing and forming into the desired product shape.
Plant-based diets contrastingly, such as the Mediterranean diet, are well-
known for their association with human health, longevity, prevention of
various non-communicable diseases, and sustainability. However, the
excessive consumption of Ultra Processed Foods (UPFs) that replace animal-
based products has the opposite effect, and information regarding the adoption
of this practice within plant-based diets is essential. Excessive consumption of
ultra-processed foods (UPFs) and imitation foods may diminish these benefits
and even increase the risk of developing certain diseases. Therefore, it is
important to raise awareness about the potential harms of UPFs and imitation
products for individuals following plant-based diets [15,16,60] .

This study also had some limitations worth highlighting. As we were
using only mainstream supermarkets, we were able to identify only terrestrial
plant-based meat and dairy imitations. Other novel protein sources, e.g.,
aquatic, insects, lab-grown were not identified, which could highlight a market
trend or require more targeted population sampling methodology. Another
limitation is linked to the standardized nutrition and ingredient declaration
made on-pack, which does not always include other nutritional components,
such as fiber, vitamins, minerals, and percentages of fruits, pulses, vegetables,
nuts, and oils. However, the lack of data is most likely linked to
underestimation and does not pose great methodological risks and biases [61].

Using the Nutri-Score algorithm, the majority of plant-based beverages
in our study were classified as Nutri-Score Category "B," in contrast to the
majority of beverages in the USDA's study, which were classified as "C" [62].
The classification of "meat" products in Nutri-Score Categories differed only for
plant-based alternatives to poultry meat, which were classified as "C," and
poultry meat products, which were classified as "D. In contrast to the findings
of Pointke M. and Pawelzik E. [63], who found lower FSAm-NPS Scores for
plant-based meat alternatives compared to their animal-based equivalents in
nine out of thirteen meat categories the other four did not differ significantly),
our results showed no statistically significant differences in the FSAm-NPS
Score for any of the four meat categories studied. The hardest part of the Nutri-
Score calculation is the calculation of the Fruits, Vegetables, Nuts, Pulses, and
Oils components, as described in detail in paragraph 3.6. This calculation has
to be done manually and it is often linked to underestimation. Coconut cream,
for example, should be scored as added fat. In general, key nutrients and
information for their calculation (added sugars, trans fats, calcium, and serving
size) cannot be found on-package when attempting to use other Nutrient
Profiling Algorithms. The most significant and general limitation of the
products concerning gaining a good Nutri-Score seemed to be the FV%.
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Therefore, in relation to the validated nutrition labels currently in use, we can
suggest that FOPNL can promote reformulation. New reformulations that aim
for a higher FV% may result in better Nutri-Score and, consequently, a better
nutritional profile, thereby attracting a larger consumer audience.

Another important finding refers to the on-pack communication of meat
and dairy imitations. In line with an Australian study, where 81% of meat
imitation products are sold as vegan/vegetarian [27], in Greece 82% of meat
imitations and 60% of dairy imitations are sold as vegan/vegetarian.
Nonetheless, meat-free and dairy-free claims are also prevalent in Greece (60%
in meat imitations and 39% in dairy imitations, respectively). The primary
claims made for these products concern their protein, fiber, vitamin, and
mineral content. However, protein and micronutrient claims are less prevalent
on the Greek market compared to other markets. Claims on fiber and allergen
content (soy and gluten) are equally present in Greece as in other markets [27].
Despite the fact that the majority of products sold in Greece claim to be
allergen-free, they are at the same time a "source" of other allergens. According
to previous research, there are a number of potential drawbacks to using
legume proteins to formulate meat imitations, like soy allergies, which is a
disadvantage of using soy proteins in their formulation

Although this study did not focus on consumer preferences and
attitudes, the differences in the on-pack communication seen in Greece could
be indicative of differences in target consumers, beliefs, attitudes, and
knowledge. It is seen that in Greece plant-based food is directly addressed to
vegan/vegetarian consumers and identified with a small amount of consumers.
It seems that excludes flexitarians, gluten-free eaters and/or other consumers
that may limit or avoid meat and dairy products from their diet, for other
reasons. As the development and progression of novel meat and dairy
substitutes is dependent upon consumer perceptions and acceptance, it is
necessary to identify and comprehend the stimulator factors for purchasing
and consuming meat and dairy substitutes. It is important to evaluate the
effects of plant-based imitations on people’s diets in order to understand if they
are merely being used as a stepping stone to plant-based diets or if this trend
will replace traditional models of eating. As research into the environmental
and health implications of meat and dairy production increases, understanding
how food-based dietary guidelines incorporate meat and dairy imitations can
help to inform the development of sustainable diets. Although existing
evidence suggests that adopting a plant-based diet is beneficial for health and
the environment, this is based on dietary patterns that do not include such
innovative products. The function of these products in modern diets should be
investigated not just in terms of protein bioavailability, but also in terms of
ultra-processed foods and their health effects.
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APPENDIX 1; HelTH’s Classification System

Food Category

‘ Food Subcategory

Food Group

Food subgroup

LanguaL code

01. Milk, Milk Product or

Milk Substitute

1.Milk

. Fresh

UHT

A0780

. Long lasting

. Evaporated

. Chocolate

A0781

. Fermented

A0783

0. Cream

. Milk cream

. Whipped cream

A0782

2. Yogurt

. White

. Dessert

. Traditional

. Strained

. Beverage

. For kids

. Kefir

A0783

3. Cheese

. Cured

1. Feta and white cheese

2. Gruyere, kefalotyri and
similar cheese

3. Parmesan and similar
cheese

A0785
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4. Regato and other hard
cheese

5. Semi-hard cheese

6. Blue cheese

7. Sliced cheese

8. Grated cheese

9. Mini cheese in portions

0. Delicatessen

0. Delicatessen

2. Uncured 1. Cream cheese A0786
2. Mozzarella
3. Processed AQ0787
4 Imitation  milk 1. Plant-based beverage
products 2. Plant- based dessert A0824
3.Plant-based cheese
1. Ice cream
5. Frozen dairy desserts > Other A0789
02. Egg or egg product | 1. Fresh or processed | 1. Fresh eggs A0791
egg 2. Processed eggs
2. Egg dish A0792
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03. Meat
product

or

meat

1. Red meat

. Calf

. Pork

. Lamp

Kid

. Sheep

. Hare

A0794

2. Poultry meat

. Chicken

. Turkey

WIN[(= (oUW N |~

. Other

A0795

3. Offal

A0796

4. Preserved meat

1.

Ham

2.

Turkey-chicken

3.Shoulder-length
salami

4.

Pariza

5.

Salami

6.

Mortadelo

7.

Bacon

8.

Delicatessen

9.

Set salami-cheese

0.

Canned meat

A0797
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5 g il 1. Sausage
. tausaé;ector similar > DPate A0798
meat produ
P 3. Other
1.R imil
6. Meat dish ed and similar meat A0799
2. Poultry
7. Meat analogue A0800
04. Seafood or related 1. Fish
product L. Se?food or related 2. Mollusks A0802
organism
3. Crustaceans
1. Frozen fishsticks
1. Tuna
2. Sardines
2.
Canned 3. Other processed fish
4. Mollusks A0803
2. f
Seafood product 3. Smoked fish
4. Salted fish
5. Fish eggs
6. Other
7. Seafood dish A0804
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05. Fat or oil

1. Vegetable fat

1. Olive oil
2. Corn oil
1. Vegetable fat or oil 2. Vegetable oil 3. Sunflower oil A0B06
4. Seed oil
5. Other oil
2. Margarine or lipid of | 1. Margarine
. .. . . — A0807
mixed origins 2. Lipid of mixed origin
. 1. Butter A0809
iFutter or other animal 2. Other animal fats A0810
3. Fish oils A0811
06. Grain or grain 1. Fresh doughs and leaves
product 1. Cereal or cereal-like | 2. Frozen leaves
milling products and | 3. Flour A0813
derivatives 4. Semolina
5. Other
2. Rice or other grain 1 White rice A0814

2. Parboiled rice
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. Basmati rice

. Other rice

. Noodles

. Ready-to-eat recipes

3. Pasta and similar
products

. Macaroni

. Other pasta

. Filled macaroni

. Traditional pasta

. Fresh pasta

A0815

4. Breakfast cereals

. Corn flakes

. Muesli

. For adults

. For kids

QAW IN|RP|UO|ARWIN|R,|ONO W

. Oats

A0816

0. Cereal bars

A1330

5. Bread and similar
products

. Leavened bread

. Wheat bread

. Rye-wholemeal bread

. Other

A0818

. Unleavened bread

. Wheat toast bread

. Wholemeal toast bread

. Pitta and mini bread

. Wheat rusks

. Rye-wholemeal rusks

AN|O B WINPT W|IN|F-

. Barley rusks

A0819

93



7. Mini rusks-snacks
8. Other

. Breadsticks
. Crackers

. Wheat toast
. Rye-wholemeal toast A0820
. Breadcrumbs

3. Bread product

. Croutons
. Other

. Biscuits

. Cookies

1. Biscuits, sweet and semi- | 3. Multi-cereal

A1331
sweet

. Digestive
. Wafers

. Sweet buns

. Waffles
. Pancakes

6. Fine bakery ware 2. Waffles and pancakes A1297

Cakes
. Doughnut
. Croissant

3. Pastries and cakes A1332

. Brioche

4. Sweetened pie A1334

5. Ready-to-eat sweet crepes A0821




6. Pantyhose bases and

confectionery ingredients

other

1. Pizza

2. Pianirli, calzone and

1. Pie, unsweetened or pizza A1296
other
7. Savoury cereal dish 3. Savoury pie
2. Pasta dish A1204
3. Others (spring rolls, crepes A0822
etc.)
07. Nut, seed or kernel | 0. Nuts
1 Seeds and kernels 1. Olives and olive paste A0823
2. Other
1. Tahini paste
2. Nut or seed product | 2. Peanut butter A0824
3. Other nut pastes
08. Vegetable or | 1. Vegetable (excluding | 0. Frozen vegetable A0826
vegetable product potato) 1. Vegetable product | 1. Chopped tomato A0827
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2. Passata

3. Clogged tomato

4. Tomato paste

5. Other processed vegetable

6. Vegetable dish A0828
7. Mushroom dish A1335
0. Frozen potato
1. Mashed potato A0829
2. Starchy root or potato > Other
3. Potato dish A0830
1. Beans
2. Lentils
3. Pulse or pulse |3.Chickpeas A0831
product 4. Kinoa
5. Other pulse
6. Pulse dish A0832
09. Fruit or fruit product | 0. Fruit A0833
1.  Processed  food | 1. Dru.ed fruits A0834
product 2. Fruit compotes
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. Other

10. Sugar or sugar
product

1. White
2. Brown
3. Fructose
1. Sugar .
4. Sugar substitutes
1. Sugar, honey or syrup g’.[cj)ther (molasses, - petimezi A0836
0. Simple
2. Honey 1. With flavors
2. Royal jelly
3. Syrup
1. Peach-apricot
2. Strawberry-cherry
3. Other flavor
2. Jam or marmalade 4 With no added sugar A0837
5. Candied fruit
0. Fruit jelly
3.Non-chocolate 1. Loukoumi
confectionery or other | 2. Sesame bar A0838
sugar product 3. Sweet preserve
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4. Mastic

5. Halva

6. Other

4. Chocolate or chocolate
product

1. Dark chocolate

2. Milk chocolate

3. White chocolate

4.Filled with nuts
chocolate

5. For kids chocolate

6. Mini chocolate

7. Chocolate bars

8. Other chocolate

9. Hazelnut praline

0. Chocolate kouvertura

A0839

11. Beverage (Non-milk)

. Fresh juice

Nectar

1. Juice or nectar

. Concentrated

QN =

. Refrigerated

A0841

2. Non-alcoholic
beverage

. Soft drinks

1. Coca cola

2. Gazoza

A0843
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3. Lemonade
4. Orangade
5. Soda
6. Tonic and other
7. Energy drinks
1. Water
2. Water 2. Carbonated mineral water A0844
3. Still mineral water
1. Coffee
2. Tea
?n fugi))iee’ tea, cocoa Or 37 coa powder A0845
4. Chocolate powder
5. Other infusion
1. Beer or beer-like beverage A0847
2. . Cider, perry or similar A0848
.| drink
3. Alcoholic ; T .
beverage 3.. er‘le, fortified wine or A0849
wine-like beverage
4. Liqueur or spirits A0850
5. Alcoholic mixed drink A0851
1.Baking ingredient 1. Yeast A0854
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12. Miscellaneous food
product

1. Spice, condiment or
other ingredient

2.

Corn flower

3.

Baking powder

4.

Pectin

5.

Zelatin

6.

Additives

7.

Others

2. Flavoring or essence

1.Vanilla essence

2.

Other essence

3. Other

A0855

3. Seasoning or extract

. Salt

. Cubes

. Broths

. Gravy thickener

. Beef extract

. Mixtures for meat

. Other savoury mixtures

. Mixtures for sweets

. Other

A0856

4. Herb or spice

. Herbs

. Spices

. Other

A0857

5. Condiment

. Mustard

. Ketchup

WINPRPIWINIPRPIO||INIINO | WIN |~

. Barbeque sauce

A0858
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4. Soy sauce

5. Tabasco sauce

6. Other sauce

6. Dressing, mayonnaise

1. Mayonnaise

2. Other dressings

A0859

3.Pickle or chutney

A0860

2. Prepared
product

food

1. Savoury sauce

1. Bechamel

2. Others

A0862

2. Dessert sauce

. Fruit sauce

. Fudge sauce

. Brandy sauce

. Others

A0863

3. Dessert

. Wheat cream

. Rice pudding

. Dessert with chocolate

. Other dessert

A0864

4. Soup

. Ready-to-eat soup

. Other

A0865

5. Prepared salad

. Egg salad

. Tuna salad

. Chicken salad

. Tzatziki

QW IN|PRPINIPIARIWOINIPR,RIAWIN|F

. Cheese-based salad

6. Vegetable-based salad

A0866
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7. Other salads
1. Cheese-based filling A0867
s 2. Fish-based filling
6. Sandwich filling 3. Meat-based filling
4. Other filling
1. Potato chips A0868
2. Other chips
7. Savoury snacks 3. Popcorn
4. Rice wafers
5. Other savoury snack
8. Sandwich A1203
13. Product for special | 1. Dietary supplement A0870
nutritional use  or 1. Medical food A0872
dietary supplement 2. Food for special ; FO(});C:) cf)cc)ir mffzr;ts — A0873
nutritional use ' , & A1205
reduction
4. Sports food A1206
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APPENDIX 2: Complementary questionnaire

H ovpmeoupood Tov KatavaAwt) OXETIKA HE T QUTLKTG
TEOEAELONG TEOPLUA KoL T dxTEoPn otV EAAGda

H épevva avt defayetatl ota mAalolx €KTOVNOTS OIMAWUATIKNG
eoyaoiag tov petamTuXtakoL TitAov omovdwv «Teogua, Awxteogn kot
Yyelo» tov T'ewmovikov Tlaverotnuiov AOnvav. Zkomdg e elvat va
dtegevvnOel 1 KATAVAAWTIKY) OLUTIEQLPORAX TwV BEAAN VWV oxetik pe ta
PUTIKNG TIEOEAELONG TEOPLUA. Méow Tng €pevvag yilvetal Ml TOWT
noooTdlelx v kataypapel to emimedo katavonong kot o Padpog
eE0IKEIWOTNG PACIKWV EVVOLWV TOV AQOQOVV T dXTEOPT) PACIOUEVT) O€
(PUTIKNG TTEOEAEVLONG TEOPLUA, éva O€pa Tov dev elvat eVEEWS dLdEdOUEVO
oto EAANviKO kowo. H ovuPoAr) oag oty dieEaywyr) g €oevvag etvat
wwitegar  onuavtikr). To eQwTnUAToAdGYyl0 elvat avdvupo kKat Ta
amoteAéopata Ba xonopomomOovv avoTnEa Kat Hovo ot Ao g
OTATIOTIKNG avaAvong. O XEOVog ov O XQELXOTEITE VI TNV OUUTANQWOT)
TOV £QWTNHATOAOYIOVL elval TTeQITIOL Ok AeTTA.

ZaG euXAQLOTW TOAD €K TWV TIROTEQWYV Yl TN CLUBOAT] Kl TOV XQOVO 0AG.

Me extipunon,
EvnoArtaxkn Kovotavtiva
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EPOTHXYEIX

1. Towx amd TG MAQAKATW ONAWOELS TEQLYQAPEL TIS OLATQOPIKES OOG

2.

3.

ovvn0eteg;

O KatavaAovw ovxva keéag, OMwe HOOXAQL XOlOWO, KOTOTOULAO,
YaAomoVAx, Paot kat/r) ootpakoedr) (Omnivore)

O Meoucés @ooéc Tow kKQéag, aAA& mEOOTaOW Vo HEWWOW TNV
KATAVAAWOT] TOL KAl OUXVA ETUAEYW TQOPES QUTIKIG TIQOEAELONG
(Flexitarian)

O Toww Yagwx kayn ooteaxoedr), aAAd oOxt dAAa €ldn kpéatog
(Pescetarian)

O Aev toww kéag kat PagL kavevog eldovg, aAAd toww avya 1)/kat
vaAaktokopka potovta (Vegetarian)

O Aevtoww kpéag, Paot, avyd, yadaktokopucd meolovta 1) *AAa Cwucd
ovotatika (Vegan)

O AAAo:

[T6o0 kKaEo akoAovOelTE TIC CLYKEKQLUEVES DLTEOPLKEG TLVTOELEG;

O
O
O
O

Aryotego amo 6 punveg
6 unveg éwg 2 é1n)

2 ¢wg 5 xoovix

IMavw amd 5 xoovia

Tionuaiver yia oag utikr dratgopn (Plant Based Nutrition); :

O

O

O

Awxtoopr] mov PaoiCetar ot Meooyewkr). Tlegtéxet Aaxavika,
00O,  PEOVTA , ONUNTOLAKA KAL QUOWKES TQEOPES  PUTIKTS
TIROEAELONG.

duTikr) dxtpogn mov Paoiletal KLEIWS 08 eMeEEQYATHEVES TQOPEG
putikng  mEoéAevong, IleopdapBdver  amopunoelc  kE€atog
(vokatdoTato KQEQTOG), YOAAAKTOKOULKWV TIEOLOVTWV
(LTOKATACTATO  YAAAKTOKOUIKWV — TLX  QO@NUA  ApLUYDAAOV),
QXQTOOKEVATHATA TIOL DEV TIEQLEXOVV YAARKTOKOLIKA TTEOLOVTA T)/Kaxt
Cupapka pe Baon T 00O K.A.

Zuvduaouog TV TAQATIAV®
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4. Tlowog BaOuoOg meQryQd@el KAAUTEQA TNV CLXVOTNTA TIOL KATAVAAWVETE
T akOAoLOA TEOPLUA TOUG TeAevTaiovg 12 prveg;

1=TTort¢ 2=1-3 3=1 @ood | 4= mavw | 5=

POQég ™mv ano 1 | TovAaxiotov
oV efooudda | @ood TV | pix [OleleTed
v efdoudda | v pépa

Bodwvo

KotomovAo/
T'aAomtovAx

Wao/Oalaoova
I'aAa
I'aovott

Tool

Iaywto
ABya

5. Xe ovykowon pe éva XoOVOo TELV, OO0 KEEAG 1] YAAQAKTOKOMIKA (TT.X.
[BodLVO, XoLVo, KOTOTOVAO, PAQL, YAAQ, TUOL KTA) TOWTE TWOAR;

O TIToAV Avyotepo
O Atyo Avydtego
O Kapia aAAayn)
O Atyo meguoodtepo
O TIToAv meQuoooTeQo

6. LKOTEVETE VA& AVENOETE 1) VA UEWWOETE TNV KATAVAAWOT] TV KQEATOG
TOVG ETOUEVOUG 6 UT|VES;

O Oa katavaAwvow mo Atyo

O Oakatavalwvw Atyo Arydtepo

O Oa katavaiwvw meplmov o dLo
O Oa katavalwow Atyo magamavw
O Oa katavalwvw meQLoooTEQO

7. XkOomevete v aQUENOETE 1] VA HEWWOETE TNV KATAVAAWON TWV
YAAQKTOKOULKWYV TIOOLOVTWY TOUG ETTOUEVOLS 6 UVEG;

O Oa katavaAwvow mo Atyo

O Oakatavaiwvw Atyo Arydtepo

O Oa katavaiwvw meplmov o dLo
O Oa katavalwow Atyo magamavw
O Oa katavaAwvw meQlocoTteQ
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8. Inuewote moOoco duxpwveite 1) ovppwvelte pe kabepia amo Tig
arKoAovOeg dMAWOES OXETIKA HE TIG VTTOOEOES 0AG OXETKA e TNV

KATAVAAWOT] KQEXTOG

*()g MEOLOV LTTOKATACTACTG EVVOELTAL 1) ATIOUIUNOT) TOL CLUBATLIKOV

TIEOLOVTOG HE KVQLO OLOTATIKO OLVIOWG TIS QUTIKEG T YESG TTOWTELVNG

(LAwpowveo xabeta 2. Awxpwved 3.0vdétegog 4.Zuppwve 5. ZUHQOVE

ATOALTQ)

‘Exw oke@tel va avTIKATAOTOW TO KQEAGS HE T VEX
VTTOKATAOTATA TTOL VTTAQXOLV OTNV AYORX

Ta putiknc mpoéAevong TEOPLUA etval TO aKkQB&
oe oxéon pe avta ¢ Cwikrc.

‘Exw okeprel va avTikataotrow T YOAAKTOKOUKX
HE T VEQ VTIOKATAOTATA TIOL KUKAOQOQOUV OTNV AYOX

H Cwwn) mowtetvn etvat o akQpr) o€ oX£0T) HE TV
(PUTIKTG TEOEAEVOTG TOWTELVT

Aev OéAw va aAddéw TG dATEOQUCES OV
ovvn0eLeg 1) TN ovTiva

Ta teo@ua @utiknc mEoéAevong dev Oa NMrtav
QOKETA XOQTAOTUCX

Aev 0éAw oL avOpwTmol va mioTtevovy OTL elpat
OUOKOAOG 1) TOAV evaAAaKTIKOC.

NopiCw ott ot avBowmot moopllovtat va TEWVE
To0@La pe Baon ta Coa

Aev Oa émapva agketn) evéQyela 1) dvvaun amo
TOOPLUA PUTIKT)G TTIQOEAEVOTIC

Ta teo@ua @utikrc mEoéAevong dev Oa NMrtav
QXQKETA VOOTIUA.

Oa xeewxotel v @aw HeYAAN TTOCOTNTA QUTIKWOV
TQOPWYV YIX V& VIWOW XOQTATOG.

Ta putika TEOPLUA Patvovtatl TOAV acvvrOota.

Aev vIAQXEL AQKETT] ETUAOYT) O€ TQOPLUA PUTLKT]G
TIROEAELONG OTAV TOWW EEW.

Aev E€0w TLVa PAw avTlyia TOAAG kpéata pe BaoT)
ta (o

Ta to0@Lua puTKr|c TMEoéAgvOTC dev elvart BoAtkd

H owovyévewx pov/o ovvtoopds pov dev Ba towet
TOOPLUA PUTIKTG TTQOEAEVOTC.
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Xoewaletat MOAVE XQOVOG Ylx TNV TIQOETOLUAOT Lo
YEVUATWV QUTIKTC TIOOEAELONG TEOPLUAL.

Kamowog aAdog amopaciCet yix 10 HeYAAUTEQO
HEQOG TOL (PAYNTOV TOVL TOWW

Ta putika TEOPLUA TTov Ba Xpewlopovy dev elvat
daOéoua exel mov PwviCw 1) Toww EEw.

Aev E€pw M¢ va etodlw yevpata pe Paon ota
TOOPLUA PUTIKT)C TTIQOEAEVOTC.

Aev vTAOXOLVV AQKETA OQETTIKA OLOTATIKA OTO
TOOPLUA PUTIKTG TTQOEAEVOTC.

Aev VTIAQXEL AQKETI) TTIOWTELVT OTA TQOPLUA PUTLKTG
TIOOEAELONG

Oa avnovxovoa ywx TNV vYElax pOL (EKTOG AmO
oldNEO KAl MEWTELVN) av £TEWYA HOVO QUTIKA TQOQLUX

Oa elxa dvomePla, POVLOKWHUA, A€ 1) LETEWQLOHO
OTaV £TOWYA PUTIKA TOOPLLX

Ta yevpata pe Baon v @utikn meoéAevon N ta
ovak dev elvat dxbéopa 0Tav ToOw EEw.

Ta T0@ua  @utikng mEoéAevong elvat TOAL
arxQBa.

9. Xe ovykplomn pe éva XQOVO TOLV, TOWTE TEQLOTOTEQO 1] ALYOTEQO PUTIKA
TOOPLUL;
O TIToAV Avyotepo
O Atyo Avydtego
O Kapia aAAayn)
O Atyo meguoodtepo
O TIToAv meQuoooTeQo

10. Exete doxipaoer ta  vnokataotata  keéatog (I'vgog, pmuptéxiy,
KOTOUTIOVKLEG (PUTLKT]G TOWTELVG K.X) ;

O Oxu

11. 'Exete doKIpAOEL ™ VTTOKATAOTATA YOAAAKTOKOULKWV
ToloVTWV (Poprjpata QUTIKWV KaQTwV, EMOOQTIA YLXOVQTLOV QUTLKWV

KXQTIWV, PUTIKA TUOLY, TTAYWTA K.&) ;

O Nat
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12.

13.

14.

15.

O Oxu

Lkomevete va aLENOETE 1] VA HEWWOETE TNV KATAVAAWOT TwV
VMOKATAOTATWV KQENRTOG TOUG ETOHEVOUGS 6 UTVEG;

O Oa katavaiwvw Arydtepo

O Oa katavailwvw Atyo Arydtepo

O Oa katavaiwvw meplmov o dLo
O Oa katavalwow Atyo magamavw
O Oa katavalwvw meQLoooTeQO

Lkomevete va  avlnoete 1 VA HEWWOETE TNV  KATAVAAWON
VMOKATACTATWV YOAAKTOKOULKWY TOUG EMOUEVOUS 6 UTVEGS;

O Oa katavaiwvw Arydtepo

O Oakatavailwvw Atyo Arydtepo

O Oa katavaiwvw meplmov o dLo
O Oa katavalwow Atyo magamavw
O Oa katavalwvw meQLoooTeQO

[Toirx amd TG MAQAKATW eVAAAAKTIKEG TQWTEIVEG EUTOTEVEOTE
neploooteo; Katatalte tax and to 1 (pe ) peyaAvteon eumiotoovvn)
¢wg 10 5 (Vo epumioteveoTe T ALyOTEQO).

O TIlowrtetvn PUTIKNG TIEOEAELONG (ovumeQAapBavouévwyv
ONUNTELAKWY, 00TIOLWV)

O Moxnrteg (Tt.X. dlx@oga €101 HAVITAQLWV, Loy Ld)

O Ilowrteivn pe Pdon ta UK

O Tlowrteivn pe Paon v kvttaQokaAALégyeta (T.X. KaAAtegynpévo
Koéag, Yalaktokouka -cultivated meat k.ATt.)

O TIlowrteivn pe Pdon ta évropa

[Towk and ta mapakdtw Oa OéAate va €xete WG KUQX CLOTATIKA O€
ETEEEQYAOUEVA PUTIKA TOOPLUA (ETUAEETE €C 5);

PulL
Dakég
Apvydada
PeBvOwx
DaocoAx
Apaxdg
Mavitaowx
Bowun

dovvtovkix

OO0O0O0OO0000O0O
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16.

17.

18.

HAwomogot
Kaowovg

Lmoot koAokvOag
oy

Kapvda

Kwoéa

Lmogot kavvapng
DaPa

ZmoovAiva

0 o o I o o i I

Kavéva

Oewpelte 0Tl elvar €0koAn 1 €vpeon TV  (TMEOOPRACIUOTNTA)
VTTIOKATACTATWY KOEATOG OTA KATAOTI AT TOOPIUWY ;

O Natu
O Oxu
O Towg

ATO T TAQAKATW VTIOKATAOTATH KQEXRTOS, TOWX elval autd Tov
OLVAVTATE TIO OLUXVA OTA KATAOTIUATA TQOPLUWY;

DuTikr)c TMEOEAELON G AAAAVTIKA *TT.X. ZaAAAUL, CapTmov @eTeg
DuTiKr)c TEOEAEVOTC UTTLPTEKLA

DuTiKT)C TEOEAEVOTG KIUAS

duTikr)c MEoéAgvOTC AovKAVIKX

DuTikr)c TEOEAEVOTC KePTEDAKLX

DuTikr)c TEOEAEVOTC OVITOEA/ KOTOUTIOVKLEG
DuTIKT)C TTEOEAEVOTC KEUTIATT

duTikr)c MEoéAgvong YVOg

duTikr)c mEoéAevonc Pagt

dutikr)c mEoéAevong ayo

AAAo

OO0O000000000

Oewpelte 0Tl elvatr  €0koAN 1 MEOOPAOT OTA  VTOKATACTATA
YOAAAKTOKOULKWY TIQOIOVTWY ;

O Natu

O Oxu
O Towg
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19.

20.

21

22.

ITowx amd Tt TAQAKATW VTIOKATAOTATA YAAKKTOKOUIKWV CLUVAVTATE TILO

ovXVA ota KATAOTH T TOOPLHWV:
O vnokatdotata yaAaktog

O vnokatdotata yixovetiov

O vrokatdotato maywtov

O vnoxkatdotata TLOLOV

Oewoelte OTL elvat €UkOAN 11 MEOOPRAOT OTA QUTIKIG TIEOEAELONG
aQTookevaouata/CUHAQIKA;

O Natu
O Oxu
O Towg

. AEQOEVOL OTLTA VTTOKATACTATA KQEATOG £XEL TNV DL YevoT Kot v

He to kpéag Cwikng TEOEAgLOTC.
[Téoo TBavo etvat va TwTE KQEAS PUTIKNG TIOOEAELONG AVTL YLt KQEAG;

O KaBoéAov mibavo
O Kamwe mbavo

O Métowx mbav)

O TToAV mbavo

O EEawpetikd mbavo

Na mAnpwoete vPNAGTEQN TIUT YIA TO VTTOKATACTATO KQEXTOG AXTIO TO
KQéag CWIKTG MEOEAEVOTG;

O KaBoéAov mibavo
O Atyo

O Métowx mbavo

O TToAV mbavo

O E&Eawpetikd mBOavo

Aedopévov  OTL T VMOKATAOTATA TLELOV/ YOAAAKTOKOUIKWYV

MEOTOVTWYV KaL £XELTNV DA YEVOT) KAL LT LE TA CUUPATIKA TUQOKOMIKA
TEOLOVTA.
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[Téoo mBavo elvat va towTe TEOIOVTA TUOLOV PUTLKTG TTROEAEVOTC AV Tl Y
OLUPATUICA TUQOKOLIKA TIQOLOVTAL;

O KaBoéAov mibavo
O Kamwe mbavo

O Métowx mbav)

O TToAV mBbavo

O EEawpetikd mbavo

Na mAnpowoete vPNAGTEQN TIUT YIAX TA VTOKATACTATA YOAXKTOKOULKWV
TEOLOVTWYV ATIO O, TL VLA T CVUPBATIKA YRAAKTOKOMIKA TTQOLOVTA;

O KaBoéAov mibavo
O Atyo

O Métowx mbavo

O TToAV mbavo

O EEawpetikd mbavo

23. Aedopévou OtL T mMEolovTa aQTomotiag (Tt.X. YUl 1) HTOKOTA XWEIS
avyd 1 fovTLEO) Kat CuHAPLKA €XOUV AKQLPWS TNV DL YeVOoT) KAt LPT)
HE T CLUPATIKA TIEOLOVTA AQTOTIOLAG.

[T6oo mBavo elvat va TOWTE VTTOKATAOTATA TIEOLOVTA AXQTOTIOLUAC AVTL Y
OLUPATUCA TIOOLOVTA AQTOTIOLAG;

O KaBoéAov mibavo
O Kanwe antiBavo
O Métowx mbav)
O Kamwe mbavo
O TToAV mbavo

Na mAnowoete vpnAdteon TN YIX TAX VMOKATACTATX TQOLOVTWV
QQTOTOLAG KAl EVAAAAKTIKA Cvpagikd amd O,TL Yix T oLUPaTicd
XQTOOKEVATHATA;

O KaBoéAov mibavo
O Atyo

O Métowx mbavo

O TToAV mbavo

O EEawpetikd mbavo
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24.

25.

26.

27.

28.

HAwia

16-18
19-24
25-34
35-44
45-54
55-64
65+

OO0OoO0O0o0oao

[Towo amo avta MeELyQAPEL KAAVTEQA TOV TOTIO DIAOVTIC OAG;

O IToAn

O TlpodoTio moANg

O Aypotwkr) - é&w amd pux mMOAN mX. XwEwo / efoxr) / meQloxm
KOAALEQYELRG

ITowx etvar n vPnAoTeEN PaOuida ekmaldevong mov éxeTe OAOKANQWOEL,
Edv elote 0N eyyeyoapupévol, Aapupavetat wg o vmAoTeQog Paduoc:

Amogortog dnUoTKoL

Amogortog yvuvaoiov

Amogportog Avkeiov

ITtuyio ITavemotnuiov A.E.I/ T.E.I
ITtuyio LEK/ALEK
Metamtuxiako

AdaktoQkod

OO0OoO0O0o0oao

[Towx etvat 1) 0edopévn emayyeAHATIKY OAC KATAOTAOT);

O Eoyalopevog

O Aveoyoc

O Xuvvra&iovxocg

O Powtntric/Mabntrc

ITwg Ba xapaktneilate TNV OLKOVOULKT] 0O KATAOTAOT) (EL00dNU);

O Efawpetikd ucavomomrikn

O Ixavomomrtkn

O Ovrte kavomoumtikr) oUte OVOKOAN
O Kanwg dVokoAn

O Efawgetikd dVOKOAN
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Me tnv voBoAr] Tov epwtnuatoAoyiov ocvvatveite otov yevikd Kavoviouo
TIOU APOPA TNV AOPAAELX TWV TEOOWTIUKWV oag dedouévwv - GDPR -
I'evikog kKavoviopog v tnv pootacia dedopévwv (GDPR EU 2016/679). Ta
OTOLXELX KAL OL ATIAVTIOELS 0aS O KATAYQAPOVV HOVO YIX €VA0YO XQOVIKO
OLACTNHUA TTOV APOQA TNV AKADNUATKT] €QEVVA KAL TIG OTATIKEG AVAAVOELS
mMe  JmMAwHaTIKIG  HeAéTNe kal Eémerta Oa daxypaovV.https://eur-
lex.europa.eu/legal-content/EL/TXT/?uri=CELEX%3A02016R0679-
20160504&qid=1532348683434

Zuppwvelte va yivel XoNon TOL TEOCWTIKOL 0ag email oag mpog amootoAn
oac ywx véa mbavd €QEVVNTIKA EQWTNHATOAOYLX 1) OUVEVTEVEELS TIOU
APOEOVV 0NV D dMAWHATIKY €Qyaoi;

O Nau

O Oxu
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APPENDIX 3; Complementary tables 16a, 17a to Tables

16 & 17
Table 16a
Food Mode Score p- A B C D E
Group (Score Range) | value |[n(%)] | [n(%)] | [n(%)] | [n(%)] | [n(%)]
Milk 13.0 (11.0, 15.0) - - - 7 (6.7) 77
0,000 63.3)
Milk 8.0 (6.0, 12.0) ’ 35 54 62
Imitations | (23.2) |(35.8) (41.1)
Flavored 15
18.0 (17.0, 19. - -
Milk 8.0(17.0,19.0) (100)
Flavored 0,000 "
Milk 12.0 (12.0, 14.0) - - 6 (12.2)
iy e (87.8)
Imitations
72 42 14
Y -1(-2,1 - -
ogurt 2,1 (56.3) | (32.8) |(10.9)
- 0,001
giaslel,:i 0(1,3) 15 16 10
’ (33.3) | (41.0) |(25.6)
yogurt
14 125 14
h 16.0 (13.0, 17. 2 (1. 1.
Cheese 6.0 (13.0, 17.0) (1.3) | 3(1.9) 89 |@9.1) (8.9)
Plant- 0,000 9 51
based 21.0 (17.0, 22.0) 3(4.2) (1(1.4) 7 (9.9)
(12.7) (71.8)
Cheese
Milk 21
Cream 23.0 (22.0,23.0) 0,026 |- 2(6.7) | 1(3.3) | 6(20.0) (70.0)
lé/ll'lel:m 19.0 (12.5, 23.0) 6 2 2 (11.8) >
L R (35.3) |(11.8) | (41.2)
Immitation
Ice cream |16.0 (12.0,19.0) 0,075 |1(2.6) |1(2.6) |2(5.3) 23 11
' R ’ ' ' 7 1(60.5) (28.9)
Vegan Ice 4 20
14.5 (12.0, 16. - - -
Cream > (12.0,16.0) (16.7) |(83.3)
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Table 17b

Mode
Food Score A B D E
-val C [n(%
Group Score | PV 1o | e | SN | meon | e
Range)
13.0 (11.0, 32 14
Cold Cuts 19.3) o - - 8 (14.8) (59.3) | (25.9)
Cold Cuts | 10.5 (6.5, ’ ) ) 7(50) 6 1 .1)
Imitations 15.3) (42.9) '
17.0 (16.0, 12
Sausage 21.0) 000 - - - (57.1) 9 (42.9)
Sausage | 11.0 (3.5, ’ 9
Imitations |  13.0) LENILEN ) S | 5 | 1O
12.0 (7.5, 2 12
Red meat 12.5) - 1(5.9) (11.8) 1(5.9) (70.6) 1(5.9)
Red meat | 4.0 (1.0, ’ 10
1 11 (22 17 (34
imitation 12.0) 7 (18) (20) (22) (4] 30
2
162 (-1, 7 8
Poultry (10.5) 1(5.3) 1(5.3)
19. : 42.1
9.9) 0,089 (36.8) (42.1)
Poultry 8.2 (-6, 3 4 3
1. 1 (6.
imitation 23.2) 188) | @s.0)| 2CM) | ass | 1Y
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APPENDIX 4; Table of multiple comparisons of meat
imitation products

Multiple Comparisons

Bonferroni

Dependent V (1) Ingr.Base (J) Ingr.Base Mean Differe Std. Error

Energy_kcal

Protein_g

Total_Fat_g

Saturated_F:

Carbo_g

Sugar_g

Fiber_g

Salt_g

Soy/tofu Wheat]/seita
Other pulses
Wheat/seita Soy/tofu
Other pulses
Other pulses| Soy/tofu
Wheat]/seita
Wheat]/seita
Other pulses
Wheat]/seita Soy/tofu
Other pulses
Other pulses| Soy/tofu
Wheat]/seita
Wheat]/seita
Other pulses
Wheat]/seita Soyj/tofu
Other pulses
Other pulses| Soy/tofu
Wheat]/seita
Wheat]/seita
Other pulses
Wheat/seita Soy/tofu
Other pulses
Other pulses| Soyj/tofu
Wheat]/seita
Wheat)/seita
Other pulses
Wheat/seita Soy/tofu
Other pulses
Other pulses| Soyj/tofu
Wheat]/seita
Wheat]/seita
Other pulses
W heat]/seita Soy/tofu
Other pulses
Other pulses| Soy/tofu
Wheat]/seita
Wheat]/seita
Other pulses
Wheat/seita Soy/tofu
Other pulses
Other pulses| Soy/tofu
Wheat]/seita
Wheat]/seita
Other pulses
Wheat]/seita Soy/tofu
Other pulses
Other pulses| Soy/tofu
Wheat]/seita

Soy/tofu

Soy/tofu

Soy/tofu

Soy/tofu

Soy/tofu

Soy/tofu

Soy/tofu

-27,5024
-2,6432
27,5024
24,8592
2,6432
-24,8592
-9,7857
-4,0006
9,7857
5,7851
4,0006
-5,7851
0,4939
-5,9143
-0,4939
-6,4082
5,9143
6,4082
0,953
-4,0498
-0,953
-5,0028
4,0498
5,0028
2,7723
2,338
-2,7723
-0,4343
-2,338
0,4343
0,0462
0,0115
-0,0462
-0,0347
-0,0115
0,0347
1,725
-0,9131
-1,725
-2,6381
0,9131
2,6381
-0,369432
-0,626429
0,369432
-0,256996
0,626429
0,256996

21,1685
20,8664
21,1685
17,818
20,8664
17,818
6,0954
6,1264
6,0954
5,1882
6,1264
5,1882
4,0831
4,1038
4,0831
3,4754
4,1038
3,4754
3,015
2,9824
3,015
2,5816
2,9824
2,5816
1,6141
1,6141
1,6141
1,3765
1,6141
1,3765
0,3749
0,3729
0,3749
00,3203
0,3729
00,3203
3,3567
2,4294
3,3567
3,1077
2,4294
3,1077
0,407685
0,409967
0,407685
0,353528
0,409967
0,353528

Sig.

0,591

0,591
0,499

0,499
0,005

0,005
0,005

0,005

0,459

0,206
0,459
0,206

0,534

0,168
0,534
0,168
0,268
0,453
0,268

[y

(©]
N
vl
w

,

RRRPRRRRPRRPRRRRRRRP

0,391

0,391
1

99% Confidence Interval
Lower Bounc Upper Bound

-91,281 36,276
-65,512 60,225
-36,276 91,281
-28,825 78,543
-60,225 65,512
-78,543 28,825
-28,178 8,607
-22,487 14,485
-8,607 28,178
-9,87 21,44
-14,485 22,487
-21,44 9,87
-11,826 12,814
-18,297 6,469
-12,814 11,826
-16,895 4,079
-6,469 18,297
-4,079 16,895
-8,154 10,06
-13,058 4,958
-10,06 8,154
-12,8 2,795
-4,958 13,058
-2,795 12,8
-2,1 7,644
-2,534 7,21
-7,644 2,1
-4,589 3,721
-7,21 2,534
-3,721 4,589
-1,086 1,178
-1,114 1,137
-1,178 1,086
-1,002 0,932
-1,137 1,114
-0,932 1,002
-8,828 12,278
-8,551 6,725
-12,278 8,828
-12,408 7,132
-6,725 8,551
-7,132 12,408
-1,60124 0,86237
-1,86513 0,61227
-0,86237 1,60124
-1,32517 0,81117
-0,61227 1,86513
-0,81117 1,32517
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