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Introduction: The increasing global demand for plant-based meat (PBM)
alternatives highlights the need for comprehensive assessments of their
nutritional quality in comparison to traditional meat products.

Methods: This study evaluates the nutritional profiles of PBM and meat products
from major supermarket chains in Romania, Germany, and Ireland. The analysis
focused on key nutritional parameters, including energy value, macronutrient
composition, and fiber content.

Results: PBM products exhibited a lower energy density, reduced saturated
fat content, and significantly higher fiber levels than their meat counterparts.
However, protein content remained lower in PBM products, while salt levels
varied by category. Notably, products from Romania displayed inferior nutritional
profiles compared to those from Germany and Ireland, with higher energy, fat,
and salt content but lower fiber levels.

Conclusion: These findings underscore the need for policy-driven improvements
in PBM formulations and standardized nutritional guidelines across markets.
The study contributes to the growing body of research on sustainable dietary
transitions and their implications for public health.

KEYWORDS

plant-based meat, nutritional quality, dietary transition, market differences, public
health

1 Introduction

The market for plant-based meat (PBM) products is projected to reach €34 billion by 2027
according to the Polaris Market Research (1). The current market trend focuses on the
continuous development of new products, with 4,965 PBM items launched globally in the past
5 years. In Germany alone, 391 new products were introduced, positioning the country as a
leader in this sector in terms of both sales value and growth rate. However, according to the
Smart Protein Report, Romania has also experienced an increase in PBM sales (2).

PBM analogues are predominantly vegetarian or vegan products designed to closely resemble
meat in sensory properties. Unlike traditional vegetarian or vegan alternatives, these products are
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formulated not only for consumers following a plant-based diet but also
for flexitarians and omnivores seeking to reduce their consumption of
animal products (3, 4). By replicating the texture, color, and taste of
conventional meat, PBMs aim to appeal to individuals accustomed to the
sensory experience of animal-based foods (5). Consequently, these
products offer a viable alternative for omnivores and flexitarians who wish
to integrate more plant-based options into their diets while maintaining
familiar sensory attributes (4, 6).

Globally, the transition toward a diet that incorporates more
plant-based meat (PBM) products and reduces meat consumption is
increasingly encouraged. These dietary recommendations stem from
several pressing global concerns, including population growth, the
expansion of large-scale livestock farming—linked to public health
risks and rising antibiotic resistance—environmental degradation, and
animal welfare issues. Additionally, the COVID-19 pandemic has
influenced consumer perceptions of meat consumption due to the
heightened awareness of zoonotic disease risks (7-9). Plant-based
diets are widely recognized for their potential to reduce mortality risk
factors, particularly ischemic heart disease (10), while also
contributing to improved blood pressure regulation (11, 12) and
diabetes management (13, 14). PBMs have gained popularity as a
more sustainable alternative to conventional meat, offering lower
levels of saturated fats and no cholesterol, which can support
cardiovascular health (15). Moreover, PBM products are often rich in
fiber, vitamins, and minerals, contributing to overall well-being.
However, concerns exist regarding their level of processing, as many
PBM products contain additives, high sodium levels, and artificial
ingredients, which may counteract some of their health benefits (16).
In contrast, traditional meat—particularly red and processed
varieties—is associated with an increased risk of cardiovascular
diseases (17, 18), certain cancers (19), and other health complications
(20) due to its saturated fat content and the formation of carcinogenic
compounds during cooking (19). The growing interest in sustainable
protein alternatives also aligns with rising concerns about certain
health risks, including the increasing incidence of colorectal cancer,
for which meat consumption has been identified as a contributing
factor. According to the International Agency for Research on Cancer
(IARC), all types of muscle meat—including beef, veal, pork, and
lamb—are classified as “probably carcinogenic” (Group 2A).
Additionally, processed meats, which undergo treatments such as
curing, smoking, or the addition of preservatives to enhance flavor
and shelf life, are classified as “carcinogenic to humans” (Group 1) (21,
22). While PBMs offer a promising alternative, consumers are advised
to prioritize minimally processed options to maximize their
nutritional and health benefits.

Beyond the need for sustainable alternative protein sources, another
critical aspect of novel foods is their nutritional value, which can vary
depending on the specific food legislation of each country. Regulations
governing the nutritional content of food products differ significantly
worldwide, reflecting diverse national priorities related to public health
and consumer protection (23). For instance, some countries such as
France, Belgium, Germany have implemented stringent food labeling
requirements, mandating detailed disclosures on calories, fat,
carbohydrates, and other key nutrients. Other countries like Denmark
prioritize the restriction or prohibition of certain ingredients, such as
trans fats, sodium nitrite, or monosodium glutamate (24). Additionally,
food safety and health standards vary considerably, with some nations
enforcing strict limits on food additives and contaminants, while others,
such as Romania, maintain more flexible regulations regarding additives
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and labeling practices. Despite these regulatory differences, there is a
growing global movement toward greater food transparency and
consumer health protection. As scientific research advances and public
awareness increases, food legislation continues to evolve to address
emerging health concerns and industry developments (25, 26). In the
European Union (EU), the most widely used food labeling system is
Nutri-Score. This system assigns a score and color rating (ranging from A
to E and green to red) to indicate the nutritional quality of a food product.
Several European countries, including Germany, have already adopted
Nutri-Score. In Romania, Nutri-Score is not yet mandatory; however,
ongoing discussions within the EU aim to harmonize food labeling
systems at a European level. Future policy developments at both the
European and national levels may influence the adoption of Nutri-Score
or a similar system in Romania, potentially leading to increased regulatory
pressure for its implementation (27). The consumption of alternative meat
products in Romania remains lower compared to other EU countries (28).
This discrepancy is largely influenced by the high cost of these products,
their limited availability in supermarkets, and a general lack of consumer
awareness. To promote the adoption of sustainable protein sources, it is
essential to enhance public awareness regarding their benefits and the
reasons for increasing their consumption (29, 30).

In the past decade, a rising number of scientific articles has
focused on comparing animal-based and plant-based foods
regarding their nutritional compositions. In a recent study
published by Petersen and Hirsch meat and meat alternatives were
compared for their nutritional value in five major European
countries, including France, Germany, UK, Italy, and Spain (31).
Also, current research trends are also focusing on the assessment of
the market changes for meat products and plant-based meat
alternatives as published by Lindberg et al. (32). In a global
comparison of meat and plant-based alternatives, European
countries like Lithuania, Germany, Hungary are enlisted amongst
the highest consumers of traditional meat, whereas Vietnam leads
in plant-based meat substitutes, followed closely by the UK and
Hong Kong (33, 34). The plant-based meat sector is expanding, with
Germany taking the lead in Europe. India and China demonstrate
greater acceptance of plant-based and clean meat options compared
to the USA (35). Compared to Western European countries such as
Germany, the Netherlands, and the UK—where plant-based
alternatives are widely accepted and experiencing rapid growth—
Eastern Europe trails in both market penetration and consumer
acceptance. Nevertheless, the region holds strong growth potential
as awareness rises, and infrastructure continues to develop.

Although several studies have been published in recent years
assessing the nutritional profile of PBMs (3, 8, 36-38), further research
is needed to compare equivalent products across different countries
and determine whether significant nutritional differences exist (39,
40). Moreover, to better understand the dynamics at play, further
research is needed into market development, consumer behavior,
regulatory policies, and public health planning, to evaluate the
similarities and differences across countries with varying geographic
and socio-economic contexts.

The aim of this study was to statistically analyse the nutritional
value of plant-based meat (PBM) products compared to traditional
meat products available in major supermarkets in Romania,
Germany, and Ireland, as the consumption of plant-based meat
(PBM) alternatives is highly encouraged, given future concerns
regarding the sustainability of animal protein sources. To the
authors’ knowledge this is the first study focusing on comparing the
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nutritional value of meat products and meat alternatives
in Romania.

2 Materials and methods
2.1 Samples and data collection

A cross-sectional study focusing on the nutritional composition of
traditional meat products and PBM alternatives designed to imitate meat
was conducted to identify similarities and differences between these
foods. The products were selected from major supermarket chains in
Romania (Kaufland, Lidl, Carrefour, Auchan), Germany (ALDI,
NORMA, Netto, REWE, EDEKA, Kaufland, Lidl, PENNY), and Ireland
(Tesco, SuperValu, Dunnes Stores, Lidl, ALDI). These retail chains were
chosen due to their widespread presence, ensuring a representative
sample of products available to the general population. To enhance the
reliability of our sample, we prioritized large supermarkets over
smaller stores.

For each product, brand name, descriptive name, ingredient list,
and nutritional composition data were collected. The extracted
nutritional parameters included energy value (kcal/100 g), saturated
fat (g/100 g), unsaturated fat (g/100 g), carbohydrates (g/100 g), sugars
(g/100 g), protein (g/100 g), fiber (g/100g), and salt (g/100 g).
Additionally, we recorded the presence of specific components such
as minerals, vitamins, sodium nitrite, monosodium glutamate, natural
color additives, artificial color additives, and other additives.

Product identification and data collection were performed
in-store between November 2022 and March 2023, ensuring that all
analyzed products were physically available to consumers at the time
of the study. Each supermarket location was systematically screened—
particularly the refrigerated and frozen food sections dedicated to
meat products and meat alternatives.

2.2 Selection criteria of food products and
categories

The products analyzed in this study were preselected based on
their formulation to closely replicate the sensory and structural
characteristics of conventional meat products, using plant-based
ingredients. Only items explicitly marketed with meat-associated
terms (e.g., ‘burger’, ‘sausage, ‘bacon, ‘minced meat, ‘meatballs’) and
designed to serve as direct analogues to traditional meat were
included. Products not intended to mimic meat—such as conventional
vegetarian or vegan items (e.g., falafel, tofu blocks, lentil patties,
vegetable fritters) were excluded to ensure consistency and relevance
in the comparative nutritional analysis. This selection approach is
consistent with that of other studies published in the scientific
literature (3, 8), which have focused on comparable PBM categories
to assess nutritional quality across different markets.

2.3 Statistical analysis

The on-pack information for both meat and plant-based meat
products was entered into Microsoft Excel®, including details such as
brand name, country of origin, nutritional content per 100 g (covering
energy value, macro- and micro-nutrients, and additives). If a product
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was available from both retailers, it was recorded only once in the
database. Products were then categorized by their country of origin
and product type. Following each grouping, a random sample of
approximately 10% of the products was cross verified against the
original packaging to ensure data completeness.

Outlier values detected by Grubb’s test were identified, although
retained in the statistical analysis to analyse the real samples existing
on different markets. This approach ensures that the statistical analysis
captures the complete range of variability found in real samples,
offering a more accurate reflection of market conditions.

The normal distribution of datasets was evaluated by the
Kolmogorov-Smirnov test to detect data skewness and was considered
as a fundamental test for choosing the downstream parametric or
non-parametric statistical analysis. Pairwise comparison of normally
distributed data was evaluated using unpaired t-test, whereas
non-Gaussian data were analyzed using the Mann-Whitney U-test.

Statistical analysis between different groups was evaluated using
one-way ANOVA with Tukey’s post-hoc test or Kruskal-Wallis test with
Dunns post-hoc test for normal and non-normal distributed data,
respectively. Statistical analysis was carried out using GraphPad InStat
3.06 software (GraphPad Software Inc., San Diego, USA). Statistical
significance was considered at p <0.05. Further analysis of class
differences was evaluated using the SIMCA 17 software (Sartorius
Stedim Biotech, Géttingen, Germany). OPLS—DA models (Orthogonal
partial least squares discriminant analysis) were created to identify
similarities and differences between the studied products in terms of
nutritional components.

The first set of models aimed to compare animal meat and
PBM products (all products and separately on product category),
while the second model aimed to identify nutritional patterns of
different groups identified by hierarchical clustering analysis.
Both X (nutrients data) and Y (dummy variable matrix reflecting
class membership) were scaled to unit variance before model
fitting. Loading and score plots were generated for interpretation
purposes. It is especially valuable for identifying patterns in
complex datasets, such as those encountered in food quality
studies. The advanced features of the software enable a detailed
examination of class differences and help to achieve a thorough
understanding of the nutritional components across various
products and markets.

3 Results

3.1 Product selection and overall nutrient
profile

Nutritional data were gathered from 330 products across three
countries with varying levels of economic development and
purchasing power (Table 1). In terms of labeling, the majority of
PBM products carried a vegan certification, with a few exceptions
classified as vegetarian due to the inclusion of egg-derived
ingredients. Other common claims on PBM packaging included
“gluten-free” and “source of fiber” The products were categorized
into five groups—sausages, burgers, minced meat, meatballs, and
bacon—and analyzed statistically to identify correlations between
different variables.

As expected, most of the tested variables showed a non-normal
distribution of the data. Therefore, the pairwise comparison of the
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TABLE 1 Categories of products analyzed in the study.

10.3389/fnut.2025.1603600

Category Features for PBM products PBM products = Meat products
(n =160) (n =170)

Burgers Products designed to replicate meat and labeled with the term “burger” 46 48

Sausages Products designed to replicate meat and labeled with the term “sausages” 41 50

Meatballs Balls designed to resemble meat in appearance and texture. 45 25

Minced meat A product designed to resemble “minced meat” in appearance and texture. 16 24

Bacon Strips designed to replicate the appearance and texture of “bacon.” 12 23

TABLE 2 Descriptive statistics of meat and PBM products

Nutritional

content

Energy

value

(kcal/100 g)

Saturated Unsaturated

fats
(9/100 g)

fats
(9/100 g)

Carbohydrates

(9/100 g)

Sugars
(g/100 g)

Fibers
(9/100 g)

Proteins
(9/100 q)

Salt
(9/100 g)

Meat products (n = 170)

0.071 0.104 0.083 0.237 0.217 0.384 0.064 0.060
P p=0.03 p<0.001 p<0.01 p <0.0001 p<0.0001 p<0.0001 p=0.07 p>0.10
Average 245.3 7.4 11.1 2.9 0.8 0.3 17.1 1.5
Min 113.0 0.8 1.1 0.0 0.0 0.0 0.5 0.1
Q1 209.2 5.3 7.5 0.4 0.3 0.0 14.0 0.9
Median 240.5 7.7 10.6 1.1 0.5 0.0 17.4 1.5
Q3 283.0 8.7 14.0 4.3 1.0 0.4 20.0 2.0
Max 463.0 20.0 29.0 13.0 9.7 14.0 31.2 4.5
IQR 73.8 3.4 6.5 3.9 0.7 0.4 6.0 1.1
PBM products (n = 160)

0.043 0.235 0.054 0.146 0.161 0.122 0.157 0.104
P p>0.10 p<0.0001 p>0.10 p <0.0001 p<0.0001 p<0.0001 p <0.0001 p<0.001
Average 200.6 2.5 8.7 10.2 1.9 4.3 12.8 1.5
Min 56.0 0.1 0.1 0.0 0.0 0.0 2.0 0.7
Q1 167.8 0.9 5.0 5.0 0.8 2.3 7.6 1.1
Median 201.0 1.3 8.9 7.7 1.6 4.5 12.0 1.4
Q3 234.0 3.5 11.6 144 2.8 5.8 16.0 1.8
Max 366.0 14.0 24.9 30.0 7.4 15.0 91.0 4.3
IQR 66.3 2.6 6.6 9.4 2.0 3.5 8.4 0.7
P <0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.652

n—number of products, D—statistical value of distribution and related probability results, Q—quartile, IQR—interquartile range, p—statistical difference for nutritional values between PBM

and meat products.

variables collected for meat and PBM products was performed
using non-parametric evaluation (Mann-Whitney test). Statistically
significant (p < 0.0001) class differences between meat products and
PBM product were observed for all categories, except for the salt
content (p = 0.625). Meat products were generally characterized by
higher energy value (u ~ 245 kcal/100 g), having approximately
20% more energy compared to PBM products (4 ~ 200 kcal/100 g),
a difference that was statistically significant (p < 0.0001). This
difference in energy values was primarily attributed to the higher
saturated and unsaturated fat content of meat products. The mean
saturated fat content of meat products was found to be nearly three
times higher than that of PBM products (p < 0.0001), whereas the
unsaturated fat content was 25% higher in meat products compared
to PBM products (p = 0.0001). Furthermore, protein content was
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significantly greater in meat products, with an average 30% increase
compared to PBM counterparts (p < 0.0001). In contrast, PBM
products presented notably higher carbohydrate, sugar and fiber
content. Carbohydrate content in PBM products was 3.5 times
higher (p < 0.0001), and the sugar content was more than double
that found in meat products (p < 0.0001). As anticipated, the fiber
content of PBM products was substantially elevated, being 14 times
greater than that of meat products (p < 0.0001). The descriptive
statistical indicators for different variables in the case of meat and
PBM products are listed in Table 2.

To identify similarities and differences between all products
regardless of source and processing, a PCA-X based hierarchical
clustering analysis was employed. Clustering of data was based on the
scores of the PCA model built on nutrient data (Figures la—c).
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Group 1 (Figure 1a, brown hexagons) was exclusively characterized
by PBM type products. Thirty-five products—burgers and meatballs—
of this nature were the most abundant in fibers, carbohydrates, and
sugars. Almost half of the products listed in this category were from the
Irish market (48.6%), followed by Germany (34.3%), and finally
Romania (17.1%). The products belonging to Group 3 (Figure 1a, yellow
hexagons) were mainly characterized by a conspicuous protein content
where 83 meat and only 10 PBM type products were categorized.
Regarding the market distribution, 44.4% of the products were
identified from Ireland, whereas products found on the Romanian and
German markets shared an equal of 27.8% of these.

The disparities between Group 1 and Group 3 in terms of
nutritional values and market shares were bridged by products

10.3389/fnut.2025.1603600

belonging to Group 2 (Figure 1a, green hexagons). This group was
rather characterized by the particularities of PBM products.
However, some products were also good sources of proteins.
Group 2 was characterized by 91 products of which the ratio of
PBM vs. animal meat was 4:1. In terms of market distribution, 80%
of the products were found in Germany or Ireland in equal
distribution, whilst once again the Romanian market seemed
substandard with only 20% of the products found on this Eastern
European market. Group 4 (Figure 1a, blue hexagons) were mainly
characterized by higher fat content and implicitly had greater
energy values compared to the other groups. Furthermore, the salt
content of representatives from group 2 was elevated compared to
the rest of the clusters.
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FIGURE 1
(a) Biplot of the four-way clustering of meat and PBM products, green circles indicate nutritional components, brown hexagons—Group 1, green
hexagons—Group 2, yellow hexagons—Group 3 and blue hexagons—Group 4 of animal meat and PBM products as resulted from the hierarchical
clustering analysis. The “pq” and "t" indicate the co-charting of scores and loadings of the data to display similarities and differences between
observations; (b) SeDeM plot of product distribution according to data clustering in terms of nutritional components; (c) SeDeM plot of product
distribution according to data clustering in terms of nutritional component by countries.
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This array of products was the most heterogenous in terms of
representatives from both PBM and animal meat categories. Of a total
of 121 products, 41 PBM and 70 classical meat products were listed in
this cluster. Conversely to the previous groups, products from
Romania were the most expressed in this array with 43.1% being from
this market. One-third of the products were identified on the German
market, whereas only 23.9% in Ireland.

3.2 Statistical analysis of nutritional
composition of products by category

Supplementary Table 1 gives a detailed statistical analysis of the
main nutrients for all the products for each category studied. For meat
products, the energy values lie between 209.3 and 295.0 kcal/100 g,
higher than values obtained for their PBM counterparts of 181.8-
218.8 keal/100 g product. This difference, as disclosed, is driven by the
higher lipid content; however, it is important to mention that even

10.3389/fnut.2025.1603600

though the saturated and unsaturated fat content of the meat products
are higher, discrepancies are more obvious in the case of saturated fats,
which, besides energy service, account for health benefits as well. The
PBM products are richer in fibers with values ranging from 3.5 to
5.2 g/100 g compared to 0.0-0.8 g/100 g on average found in meat
products, which is also reflected in higher carbohydrate and sugar
content. Even though the protein content of meat products is superior
to their PBM counterparts this is not as conspicuous as in the case of
fibers. The protein content of meat products ranges from 14.5 to
18.9 g/100 g product, while for PBM type products from 11.2 to
16.0 g/100 g product. The salt content is comparable between different
products with values in average of 1.40 g/100 g (0.2-2.5 g/100 g) for
meat products and 1.56 g/100 g (1.3-2.1 g/100 g) for meat alternatives.

3.2.1 Burgers

Comparing burger-type products between the two categories
(Figure 2a), the patterns were like the results observed in the earlier
meat vs. PBM product comparison. Meat products of these class had
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FIGURE 2
Loading plot illustrating the compositional differences between meat and PBM products. (a) burgers; (b) sausages; (c) meatballs; (d) minced meat; (e)
bacon. The blue bars indicate the type of products in relation to their compositional particularities (green bars).
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significantly higher energy values (p = 0.0017), which mainly derived
from a markedly higher content in saturated fatty acids (p < 0.0001).
The saturated fat content of meat products was around 2.5-times
greater than their PBM counterparts. Although the unsaturated fatty
acids content of meat products was higher compared to PBM
products, this difference was not significant (p = 0.053). As such, not
only differences in energy content, but also differences in lipid profiles
can be addressed in terms of health concerns for these types of
products. Regarding protein content, meat products were richer
related to their PBM analogues.

The carbohydrate, sugar, and fiber content of PBM products
was considerably greater when compared to their meat product
counterparts (p < 0.0001). The fiber content in the case of PBM
burgers was on average 4.0 g/100 g, compared to the 0.3 g/100 g
observed in the case of traditional meat burgers. The differences
are also emphasized by the maximal values observed for fiber
content, as some PBM products contained as high as 13.0 g/100 g
fibers, whereas in the case of meat burgers max. 1.5 g/100 g was
noted. Intriguingly, the salt content of PBM burgers was higher,
ranging from 0.7 to 4.3 g/100 g product, whereas salt content in the
meat-based products ranged from 0.3 to 2.2 g/100 g product
(p <0.001).

3.2.2 Sausages

Sausages obtained from meat were richer in both saturated
(approx. 3-times) and unsaturated fatty acids (approx. 1.5-times),
having a greater energy value than those manufactured from PBM
(Figure 2b). The energy content differences are most pronounced in
sausages, where PBM products contain nearly 100 kcal fewer per 100 g
compared to their meat counterparts. Like burgers, PBM products
offer not only a more favorable energy content, but also a better lipid
profile, particularly in terms of lower saturated fats.

The sugar proportion driven from total carbohydrate content was
similar between meat and PBM products (p = 0.378), although the
carbohydrate content of PBM was noticeably higher than those of
meat products. Contrary to burgers, meat sausages had more salt in
their composition in comparison to PBM sausages (p < 0.05). The
fiber content of PBM sausages also exceed, in a noteworthy manner,
those prepared from animal meat. The fiber content of PBM sausages
is comparable with those of burgers with an average fiber content of
3.5 g/100 g, compared to meat sausages whose fiber content is only
0.4 g/100 g.

3.2.3 Meatballs

The meatballs manufactured from different sources showed a
great difference in terms of saturated fatty acids (p < 0.0001)
although the unsaturated fatty acids and energy values were
comparable between the two types of meatballs, with p = 0.794 and
p =0.059, respectively (Figure 2¢). Once again, a more optimal lipid
composition is tilted toward the PBM products as comparable
unsaturated fat content and noticeably lower saturated fat content is
present in these products, which is also reflected in the energy
values. As in the former cases, PBM meatballs were more abundant
in carbohydrates, sugars, and fibers, whilst classical meatballs had a
higher protein content. Nevertheless, even though PBM products
contain on average about six times more fibers, some traditional
meat products are more abundant in this nutrient, the maximal
values between the two categories being comparable to each other.
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The salt content did not show noticeable differences between the two
classes (p = 0.183).

3.2.4 Minced meat

In terms of lipid content, minced meat derived from animal or
plant sources did not show significant differences in saturated
(p =0.295) and unsaturated (p = 0.074) fatty acids, or in energy
value (p = 0.485). Among the analyzed products, minced meat is the
only one that did not show conspicuous differences between PBM
and meat products, the energy values being a negligible
13 kcal/100 g product. Among the rest of the observed variables,
carbohydrates, sugars, fibers, and proteins followed the patterns to
those observed in the case of burgers, sausages and meatballs. The
salt content was significantly higher in the case of PBM minced
meat (Figure 2d).

3.2.5 Bacon

Regarding unsaturated fatty acids content and energy value, no
significant difference was observed between bacon of animal or
plant origin, only the saturated fatty acids content was considerably
higher in the case of meat products. The difference in protein
content was borderline from a statistical point of view (p = 0.05).
Otherwise, the carbohydrate, sugar, and fiber contents were
markedly higher in PBM type products than in their meat
equivalents (Figure 2e). Intriguingly, meat bacon was the only
meat-based product with minimal to no fiber content, whereas the
PBM type products were in the range of other products
analyzed so far.

3.3 Quality indicators of the products other
than the nutritional composition

Different food additives may influence the quality of the
products, and it is mandatory that these substances, if present, to
be written on the labels. Several indicators were found either
exclusively or in greater quantities in meat products and here we are
referring to additives such as sodium monoglutamate and sodium
nitrite, although we have identified “other preservatives” in all
PBM products.

Nutrients only found in PBM included minerals and vitamins.
Regarding the natural and artificial color additives, they are not
presented in the meat products, they were identified only in 12.5% of
the burger-type products, on the other hand, all PBM products
contain natural color additives and a small part of the sausages (9.8%),
and bacon (33.3%) also contain artificial color additives (Table 3).
Apart from these additives that are used in products for technological
purposes, all the analyzed products, except for minced meat, contain
“other additives,” influencing the final quality of the product.

3.4 Descriptive statistics and correlation of
variables according to country

The analysis of different markets from the perspective of energy
values leads us to the conclusion that the products from Romania have
a significantly higher energy value when compared to the products
obtained from Germany and Ireland, whereas these latter two markets
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TABLE 3 Micronutrients and food additives identified in meat and PBM products.

Other Natural Artificial Other
Minerals, Vitamins, Nitrites, . Monosodium color color o
Products o o o preservatives, 5 o o additives,
% % % ° glutamate, %  additives, additives, o
% % % %

PBM products

Burgers

(n=16) 8.7 10.9 - 43 - 37.0 0.0 80.4
n=

Sausages

(= 41) 12.2 195 - 31.7 - 29.3 9.8 85.4
n=

Meatballs

(- 45) 8.9 8.9 - 4.4 - 222 0.0 75.6
n=

Minced meat

(n=16) 6.3 6.3 - 6.3 - 75.0 0.0 93.8
n=1

Bacon (n = 12) 16.7 33.3 - 16.7 - 25.0 333 58.3
Meat products

Burgers

(n=18) - - 2.1 333 42 12.5 0.0 50.0
n=

Sausages

(n=50) - - 12.0 8.5 8.0 9.0 0.0 225
n=

Meatballs

(=25 - - 0.0 20.0 0.0 0.0 0.0 56.0
n=

Minced meat

(n=24) - - 0.0 0.0 0.0 0.0 0.0 0.0
n=

Bacon (n = 23) - - 82.6 26.1 0.0 0.0 0.0 87.0

show no difference in terms of energy value (Figure 3Aa). Analyzing
separately meat and PBM products, in the case of meat products,
significant differences can be observed only between products from
Ireland and Romania (Figure 3Ba). Regarding PBM products, the
energy values show a noticeable market-to-market variation
(Figure 3Ca). This difference is driven from the higher saturated fatty
acids and unsaturated fatty acids content of the food products that can
be found on the Romanian market compared to Germany and Ireland
(Figures 3b,c).

In terms of carbohydrate (Figure 3d), sugar (Figure 3e), and
protein content (Figure 3g), there was no significant difference
between the three selected markets. The products obtained from the
Romanian market are inferior in fiber content to those marketed in
Germany and Ireland (Figure 3f). The salt content only differs between
the products from Ireland and Romania, the products marketed in
Romania having a higher content of salt (Figure 3h).

4 Discussion

This comparative study of the nutritional quality of PBM
alternatives versus conventional meat products across three European
markets (Romania, Germany, and Ireland) show that PBM products
generally have lower energy density, significantly reduced saturated
fat, and markedly higher fiber content compared to their meat
counterparts. However, PBM products tend to contain lower levels of
protein and, in several categories, higher salt content. We also
observed notable regional differences: products available on the
Romanian market displayed less favorable nutritional profiles,
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including higher energy, fat, and salt content, and lower fiber levels
than those in Germany and Ireland. Our findings demonstrate the
need for improved PBM formulations and legal framework alignment
across countries. In the following sections, these results are discussed
in relation to existing literature and broader public health implications

4.1 Market analysis of PBM in different
countries

The present study aims to enhance awareness and deepen the
understanding of nutritional disparities between PBMs and animal-
based products while mapping variations across Eastern, Central, and
Western European markets.

According to Eurostat, in 2022, Ireland ranked as the most
economically developed country in the EU, Germany also
demonstrated a high level of development. In contrast, Romania
has a lower economic development level, being below the EU
average. When considering Actual Individual Consumption (AIC
per capita), which reflects actual household consumption and well-
being, Germany ranked highest (117), followed by Ireland (94).
Romania scored 86, further confirming a significantly lower
standard of living compared to more developed EU countries. This
discrepancy may limit the consummation of high-cost products for
the general population in Romania, which can influence market
demand and product availability (41). The German retail market
for plant-based meat (PBM) alternatives is the largest in Europe,
with sales continuing to expand, increasing by 42% between 2020
and 2022 to reach €1.91 billion. In contrast, the Romanian
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FIGURE 3
Box and Whiskers plots showing nutritional patterns between the analyzed countries. (A) All products; (B) meat products; (C) PBM products; (a) energy
values, (b) saturated fats, (c) unsaturated fats, (d) carbohydrates, (e) sugars, (f) fibers, (g) proteins, (h) salt. n.s.—not significant, *p < 0.05, **p < 0.01,
***p < 0.0001.
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plant-based food retail market remains one of the smallest in
Europe. However, sales data indicate a rapid rise in consumer
demand, with sales of plant-based meat alternatives growing by
67% during the same period, reaching 163.5 million lei according
to GFI (Good Food Institute) Europe (42). The noteworthy
differences in PBM consumption across countries can be attributed,
in part, to their relatively high price, which is directly correlated
with consumers’ purchasing power and the availability of these
products in retail stores. The Romanian market offers a more
limited selection of PBM products compared to other countries; a
fact confirmed during our product selection process for this study.
In Romania, the range of available PBM products is considerably
narrower, with many items sourced from national producers. In
contrast, in the other two countries analyzed, consumers have
access to a broader variety of products, including those from major
international brands in this segment. From an economic
perspective, higher income and education levels generally correlate
with greater openness to new food products. North America and
Europe are the largest markets for alternative proteins, yet
disparities exist within Europe, particularly between Germany and
Romania, due to differences in income, attitudes, knowledge, and
religious influences (43). Religion plays a key role in Romania,
where a predominantly religious population may be less open to
food innovations. Additionally, studies suggest that politically
liberal individuals are more inclined to purchase plant-based
products, which could further explain Romania’s slower adoption
rate in contrast to more progressive Western European countries
(44, 45).

Recent studies on consumer perceptions of sustainability in food
products reveal a growing awareness and interest in sustainable
choices, though consumer understanding remains inconsistent. Key
factors influencing perception include environmental impact, ethical
sourcing, and health benefits. Clear labeling, recognizable
certifications, and transparent communication from producers
significantly enhance consumer trust and drive sustainable purchasing
decisions. These findings highlight the need for standardized
definitions and effective messaging to align consumer expectations
with actual sustainability practices in the food industry (46-48).

Further interdisciplinary research is needed to assess not only the
long-term health effects of consuming highly processed plant-based
products but also how regulatory policies, consumer preferences, and
economic constraints influence product development. Such
investigations could support the creation of evidence-based guidelines
to improve the nutritional quality, accessibility, and sustainability of
plant-based alternatives globally. To enhance consumer acceptance,
the involvement of food manufacturers and policymakers is essential
in shaping the PBM market both in Romania and across Europe.
Research and development efforts should focus on improving the
sensory properties of PBMs to appeal to a wider demographic,
particularly in regions where meat consumption is deeply embedded
in culinary traditions.

4.2 Nutritional parameters of the products
The substantial differences in energy values and nutritional

composition across markets emphasize the need for targeted
interventions to address regional disparities in dietary choices and
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encourage healthier eating habits. Additionally, the observed
variations in fiber content and salt levels among products from
different markets highlight the importance of comprehensive
strategies aimed at enhancing the nutritional quality of food products
and improving public health outcomes on a global scale.

It is currently acknowledged, that, overall, PBMs contain lower
protein levels, a modifiable fat content (notably devoid of cholesterol),
and higher amounts of carbohydrates and dietary fiber compared to
traditional meat products (49). Costa-Catala et al. examined the
nutritional profiles of meat products and plant-based meat (PBM)
alternatives available in Spain. Their findings indicated that PBMs
typically had lower energy content, primarily due to reduced fat levels,
and were richer in dietary fiber and complex carbohydrates. However,
these alternatives generally contained less protein than traditional
meat products and included a higher number of added ingredients
(50). In another packaging evaluation study conducted in the UK by
Ciobotaru et al., found that PBMs and conventional meat products
had comparable energy content, despite PBMs having a higher total
fat content. Additionally, while PBMs were richer in carbohydrates
and dietary fiber, their protein content was notably lower compared
to traditional meat products. (51). The study by Gréa et al. analyzed
the nutritional content of PBMs compared to traditional meat
products in Germany using PCA for comparison. The study found
that PBMs generally contain less fat and saturated fat but more
carbohydrates and sugars. Protein levels in PBMs were often
comparable to or higher than in meat, especially in protein-based
alternatives like sausages and salamis, however it was disclosed that
more protein-based, rather than vegetable-based products were
included in the analysis. While salt content varied, PBMs salamis had
notably lower levels than their meat counterparts (52). Our results
align with existing literature, as the analyzed meat products contained
higher levels of both saturated and unsaturated fats, contributing to
greater energy values compared to PBM products. Additionally, the
protein content in meat products was higher than that of PBM
alternatives. In contrast, PBM-type foods contained greater amounts
of carbohydrates and fiber compared to their meat counterparts.

4.2.1 Energy value

Regardless of the country, the global dietary trend is shifting
toward reducing saturated fat intake and lowering obesity rates by
promoting the consumption of nutrient-dense foods with lower
energy content (53). Our findings reveal a statistically significant
difference in the energy values of the two product groups analyzed,
with meat products exhibiting a higher caloric content.

This disparity is also evident within the same product category
across different countries. In Romania, PBM products available in
stores have a higher average energy value (229 kcal/100 g) compared
to those in Germany (205 kcal/100 g) and Ireland (172.6 kcal/100 g).
These findings align with existing literature, which reports average
energy values for PBM products ranging between 215 kcal/100 g and
240.7 keal/100 g (3, 38).

The energy density of PBM products was significantly lower in the
case of burgers and sausages, with all PBM categories exhibiting a
lower energy value compared to their meat-based counterparts.
However, despite their reduced caloric content, PBM products must
still be classified as processed foods with a high energy value.
According to Regulation (EC) No 1924/2006 of the European
Parliament and of the Council of 20 December 2006 on nutrition and
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health claims made on foods, a product can only be labeled as “low
energy” if it contains no more than 40 kcal/100 g (54).

Nevertheless, replacing conventional meat products with PBM
alternatives may support weight management (55). This is supported
by the results of a randomized crossover trial which showed that
participants who consumed PBM instead of traditional meat lost
weight. This is substantiated by a randomized crossover trial in which
participants who consumed PBMs instead of traditional meat
experienced weight loss (56). Similarly, a randomized controlled trial
involving adults who followed a diet including unlimited meat
substitutes for 4 weeks demonstrated a reduction in body weight. The
study concluded that plant-based alternatives generally have a lower
caloric density, which, when consumed over the long term, may
contribute to sustained weight loss (57).

4.2.2 Saturated and unsaturated fat

Our results indicate that saturated fat content was significantly
lower in plant-based products, except for the minced meat
category, where no significant differences were observed between
plant- and animal-based products. These findings align with an
Australian study reporting that plant-based burgers and sausages
contain lower levels of saturated fat compared to their animal-
based counterparts (4). The World Health Organization (WHO)
has issued guidelines urging countries to implement population-
level strategies to reduce saturated fat intake, aiming to lower the
risk of non-communicable diseases, particularly cardiovascular
diseases, in both adults and children (58). One such strategy is the
substitution of animal meat with plant-based protein alternatives,
which can contribute to reducing saturated fat consumption and,
consequently, cardiovascular disease risk.

According to “Nutrition claims authorized in the annex of
Regulation (EC) N° 1924/2006” products considered to have “low
saturated fat content” are products in which saturated fatty acids
are <1.5 g/100 and should not provide more than 10% of the energy
value, with values between 1.5 and 5 g/100 g being considered
products with a moderate content and over 5 g/100 g with a high
content of saturated fat. The PBM products analyzed in this study
exhibited an average saturated fat content of 2.5 g/100 g, classifying
them as products with a moderate fat profile. In comparison, their
meat-based counterparts demonstrated a markedly higher average
saturated fat content of 7.4 g/100 g, positioning them within the
highest category of saturated fat levels and thus indicating a less
favorable nutritional profile.

Our results are comparable to those of Rizzolo-Brime et al.,
with average values of 10.0 g/100 g for meat products and
1.30 g/100 g for PBM products, similar values were described by
Pointke et al. with values between 0.92 and 3.40 g/100 g (3, 38).
Regarding the unsaturated fat content, the average for meat
products was 11 g/100 g and for PBM products it was 8.7 g/100 g
product. Only one category of PBM products, namely the meatball
type products, has a higher content of unsaturated fats compared
to their analogues (38).

4.2.3 Carbohydrates and sugars

Unlike meat products, which are rich in protein, plant-based meat
(PBM) alternatives contain higher levels of carbohydrates and sugars.
This difference can be attributed to the addition of carbohydrate-based
ingredients, such as starch and flour, which enhance binding, texture,
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and stability in PBM formulations (59). The carbohydrate sources in
most plant-based products from our study, are wheat in the form of
flour or starch, rice flour, potato starch and tapioca starch. In only one
product we identified sugar and in another one caramel sugar syrup,
all the other contain as source of carbohydrates the ones
mentioned above.

4.2.4 Fibers

PBM products also exhibited significantly higher fiber content
than their animal-based counterparts. Given that fiber intake
remains below recommended levels in most European countries
incorporating PBMs into the diet could help consumers meet daily
fiber requirements (60). Consistent with our findings, Curtain and
that PBM analogues
carbohydrate and dietary fiber content than equivalent meat

Grafenauer reported have higher
products (4).

Moreover, a recent review by Marczak et al. highlights dietary
fibers as key modulators of food functionality, improving gel and
tensile strength, water and oil-holding capacity, hardness, and
chewiness, which contribute to the enhanced textural and sensory
properties of PBM products (61). Non-digestible fibers, collectively
referred to as plantix, offer multiple physiological health benefits. As
these complex structures are resistant to digestion by human enzymes,
they undergo colonic fermentation by gut microbiota, producing
short-chain fatty acids (SCFAs) such as propionate and butyrate. These
SCFAs play a crucial role in reducing blood cholesterol levels by
inhibiting hepatic cholesterol synthesis, limiting cancerous cell
proliferation, and modulating gut microbiota composition. By
lowering intestinal pH, SCFAs promote the growth of beneficial
Bifidobacteria and Lactobacilli, while suppressing pathogenic bacteria,
thereby contributing to a healthier gut microbiome (62).

4.2.5 Protein

Our study confirmed that meat products contain higher protein
levels than their plant-based counterparts, aligning with previous
research indicating lower protein content in PBMs compared to
animal product (4, 36). Similarly, a UK cross-sectional survey found
that four PBM categories had lower protein content than equivalent
meat products. However, a study conducted in Spain reported
different findings, concluding that plant-based meat analogues and
animal meat products contain nearly identical protein amounts (63).

According to the European Food Safety Authority (EFSA), the
recommended protein intake for healthy adults is 0.66 g per kg body
weight per day, which equates to 46.2 g/day for a 70 kg adult (64). Our
findings show that PBMs contain an average protein value of
12.8¢/100 g, indicating that these products can contribute
substantially to daily protein intake. Beyond quantity, protein quality
is critical, particularly in terms of essential amino acid composition.
Yang et al. demonstrated that PBMs exhibit lower protein digestibility
and release fewer bioactive peptides post-digestion (49). The limiting
amino acid content of PBM:s varies significantly from that of animal
meat, particularly in lysine (Lys), threonine (Thr), and methionine
(Met). To mitigate these deficiencies, modern PBMs incorporate
diverse plant protein sources to enhance essential amino acid intake
(16, 65). Commonly used plant protein sources include cereals (wheat,
rice, barley, oats, spelt, corn), pseudocereals (quinoa, buckwheat), and
legume-derived proteins (chickpeas, soy, mushrooms, lentils, lupins,
peas, and beans) (3, 38, 66, 67).
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4.2.6 Salt

The salt content of PBM burgers ranged from 0.67 to 4.30 g/100 g,
meaning their consumption can contribute to exceeding the 5 g/day
limit recommended by the World Health Organization (WHO).
Previous studies have reported similar findings regarding the high salt
content of PBMs (3, 4). Our analysis revealed significantly higher salt
levels in five PBM categories compared to their meat-
based counterparts.

Excessive salt intake is a well-established risk factor for
hypertension and cardiovascular diseases, while reducing dietary salt
is recognized as a cost-effective public health strategy (68). Therefore,
further efforts are needed to reduce salt levels in both plant-based and

meat-based products.

4.2.7 Other quality indicators

The nutritional quality of PBM and meat products depends on
their ingredients and degree of processing. PBMs benefit from
extensive fortification with minerals and vitamins (calcium, iron,
folate, riboflavin, vitamin B12, magnesium, etc.), which can help
prevent deficiencies, particularly vitamin B12 in vegetarians (8, 69,
70). However, meat remains a superior source of bioavailable iron,
zinc, and potassium, even if these minerals are not explicitly listed as
ingredients. A key distinction between the two categories is the use of
preservatives. Sodium nitrite, widely used in processed meat for
microbial safety, shelf-life extension, and color enhancement, has
raised health concerns due to its potential conversion into carcinogenic
N-nitroso compounds (71). Nitrites play a crucial role in processed
meat by enhancing safety, shelf-life, and color, but their conversion
into carcinogenic N-nitroso compounds raises health concerns,
leading the EU to impose restrictions (72). In our study, all meat
products except minced meat contained sodium nitrite, with bacon
showing the highest prevalence (82.6%), whereas PBM products do
not require nitrites but contain other preservatives.

Monosodium glutamate (MSG), a flavor enhancer, remains
scientifically unproven as harmful, yet consumer preference leans
toward MSG-free products (73). In a 2017 review conducted by the
European Food Safety Authority (EFSA) Panel concluded that
glutamic acid and its salts (E 620-625), when used as food additives,
do not pose a genotoxic or general toxicological concern at
controlled exposure levels. However, the Panel highlighted that
estimated exposures in certain population groups may exceed this
ADI and, in some cases, reach levels associated with adverse effects
in humans, thus warranting continued monitoring and potential risk
management measures (74). In line with this, Zamfirescu et al. have
reported that clinical evidence on the health implications of MSG
are contradictory and many of the reported negative health effect of
MSG have little relevance for chronic human exposure and are
poorly informative as they are based on excessive dosing that does
not meet with levels normally consumed in food products (75).
However, in contrast, a large-scale prospective cohort study
conducted by Hasenbohler et al. revealed statistically significant
associations between higher MSG (E621) intake and increased risk
of coronary heart disease, urging the re-evaluation of these food
additives by EFSA (76). Croitoru et al. assessed glutamate
concentrations in various food products on the Romanian market,
finding that meat items like salami and ham contained between 0.14
and 2.16 g/kg of glutamate. In contrast, vegetable mixes (3.32 g/kg)
and highly processed foods such as soup cubes (79.95-119.95 g/kg)
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had significantly higher levels—equivalent to the glutamate content
of approximately 7 kg of sausages (77). Similarly, Rhodes et al.
reported MSG levels in UK food products, with meat and meat
products containing 0.03-0.81% MSG and miscellaneous items
ranging from 0.33 to 8.70%, aligning with the Romanian data. In the
current study, MSG was not listed as an ingredient in any plant-
based meat (PBM) products, whereas it was disclosed on the labels
of 4.2% of meat burgers and 8% of sausages, indicating its selective
use as a flavor enhancer in conventional meat products (78). While
monosodium glutamate remains a scientifically supported and
widely used food additive, consumer skepticism and misinformation
continue to shape public perception. There is a need for balanced
public health messaging, improved labeling transparency, and
further research into long-term consumption patterns, particularly
in vulnerable subgroups.

Regarding color additives, natural ones were found in all PBM
products and in meat burgers and sausages, whereas artificial colorants
appeared only in PBM bacon and sausages, some of which may pose
carcinogenic risks, cause hypersensitivities, gastrointestinal and
respiratory disorders (79). In children may pose significant health
risks by adversely influencing cognitive function, behavioral patterns,
metabolic processes, and overall development (80-82). In the case of
PBM products the imitation of the sensory attributes of meat, i.e.,
color is one of the essential sensory attributes that shape consumer
acceptability and palatability of these food products (83). This
requirement prompts the PBM market to include natural or artificial
coloring agents in the product to achieve a consumer perception
similar to the appearance of meat (84). This observation is supported
by our findings, which indicate that a greater proportion of PBM
products contain higher levels of natural and/or artificial coloring
agents than their meat product counterparts.

Both PBM and meat products contain food additives, making
nutritional quality comparisons complex. A Spanish study using the
NOVA system classified all PBM products as ultra-processed foods
(Group 4) (85). Despite PBM products’ better nutritional profile, their
degree of processing and additive content, particularly those with
potential health risks should not be overlooked when considering
these products as viable alternatives to animal foods.

4.3 Strengths and limitations of this study

The main limitations of this study include its relatively narrow
geographic scope. Although data were collected from three distinct
socioeconomic regions in Europe, the findings may not be fully
generalizable to areas with different dietary habits. Differences in food
labeling regulations could also affect the accuracy and comparability
of nutritional data; however, the study prioritized consistently
available label information across all evaluated products.

Another limitation is potential product selection bias, as the
supermarkets chosen for data collection may favor specific brands,
potentially overlooking regional alternatives with distinct nutritional
profiles. These supermarkets were selected due to their accessibility to
a large segment of the population in each country, but their offerings
may not represent the full diversity of available products.

Additionally, the study does not account for potential changes in
nutritional value when products are prepared and consumed in typical
ways, which could influence their overall health benefits or risks (86).
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While the study focuses on the nutritional composition of products as
sold, it does not directly assess the long-term health effects of regular
PBM consumption, though these aspects are discussed using
existing literature.

Further limitation of this study includes its reliance on nutritional
labeling data, which may not fully capture variations in product
composition or processing methods. Additionally, the study does not
assess the long-term health impacts of PBM consumption, an area that
warrants further investigation.

Despite these limitations, the study provides a rigorous and
balanced analysis, offering valuable insights into the nutritional
characteristics of PBM products while identifying areas for
future research.

5 Conclusion

This study provides a comprehensive comparison of the
nutritional quality of PBM alternatives and traditional meat products
across three European markets. Our findings indicate that PBM
products generally offer a more favorable nutritional profile,
characterized by lower energy values, reduced saturated fat content,
and significantly higher fiber levels compared to conventional meat.
However, PBM products also tend to have lower protein content and,
in some cases, higher salt levels, which should be considered when
formulating dietary recommendations.

Market-specific variations were evident, with products from
Romania displaying a less favorable nutritional profile than those from
Germany and Ireland. The higher energy, fat, and salt content of
Romanian PBM and meat products suggests a need for enhanced
regulatory oversight and improved product formulation. These
findings highlight the importance of food policies that encourage the
development of nutritionally optimized PBM products while
maintaining affordability and accessibility for consumers.

As plant-based meat alternatives continue to gain market share,
further research is needed to evaluate their long-term health effects
and potential role in dietary guidelines. The widespread adoption of
PBM products presents an opportunity to improve public health
outcomes and promote more sustainable food choices. However,
efforts should focus on optimizing their nutritional composition to
maximize their health benefits while minimizing undesirable additives
and excessive processing.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

References

1. Plant-based meat market share, size, trends, industry analysis report, by source
(Soy, Wheat, Peas, and other sources); by product; by distribution channel; by region;
segment forecast, 2024-2032. Dover, DE, USA. (2024). 1-116 p. Available online at:
https://www.polarismarketresearch.com/industry-analysis/plant-based-meat-market
(Accessed May 20, 2025).

2. Plant-based foods in Europe: how big is the market? Available online at: https://
smartproteinproject.eu/plant-based-food-sector-report/ (Accessed April 22, 2024).

Frontiers in Nutrition

13

10.3389/fnut.2025.1603600

Author contributions

CF: Conceptualization, Funding acquisition, Resources, Writing —
review & editing. BK: Data curation, Formal analysis, Software,
Writing - original draft. TC: Data curation, Formal analysis, Software,
Writing - original draft. AM: Methodology, Visualization, Writing —
original draft. PP: Methodology, Visualization, Writing - original
draft. T-II: Formal analysis, Investigation, Writing — original draft.
VH: Formal analysis, Investigation, Writing — original draft. AT-V:
Project administration, Supervision, Writing - review & editing.

Funding

The author(s) declare that financial support was received for the
research and/or publication of this article. This work was supported
by the University of Medicine, Pharmacy, Science and Technology
“George Emil Palade” of Targu Mures Research Grant number no.
164/14/10.01.2023.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fnut.2025.1603600/
full#supplementary-material

3. Rizzolo-Brime L, Orta-Ramirez A, Puyol Martin Y, Jakszyn P. Nutritional
assessment of plant-based meat alternatives: a comparison of nutritional information of
plant-based meat alternatives in Spanish supermarkets. Nutrients. (2023) 15:1325. doi:
10.3390/nu15061325

4. Curtain F, Grafenauer S. Plant-based meat substitutes in the flexitarian age: an
audit of products on supermarket shelves. Nutrients. (2019) 11:2603. doi:
10.3390/nul1112603

frontiersin.org


https://doi.org/10.3389/fnut.2025.1603600
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fnut.2025.1603600/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fnut.2025.1603600/full#supplementary-material
https://www.polarismarketresearch.com/industry-analysis/plant-based-meat-market
https://smartproteinproject.eu/plant-based-food-sector-report/
https://smartproteinproject.eu/plant-based-food-sector-report/
https://doi.org/10.3390/nu15061325
https://doi.org/10.3390/nu11112603

Filip et al.

5. Nezlek JB, Forestell CA. Meat substitutes: current status, potential benefits, and
remaining challenges. Curr Opin Food Sci. (2022) 47:100890. doi: 10.1016/j.cofs.2022.100890

6. Rubio NR, Xiang N, Kaplan DL. Plant-based and cell-based approaches to meat
production. Nat Commun. (2020) 11:6276. doi: 10.1038/s41467-020-20061-y

7. van Vliet S, Bain JR, Muehlbauer MJ, Provenza FD, Kronberg SL, Pieper CF, et al.
A metabolomics comparison of plant-based meat and grass-fed meat indicates large
nutritional differences despite comparable nutrition facts panels. Sci Rep. (2021)
11:13828. doi: 10.1038/541598-021-93100-3

8. Bryngelsson S, Moshtaghian H, Bianchi M, Hallstrom E. Nutritional assessment of
plant-based meat analogues on the Swedish market. Int J Food Sci Nutr. (2022)
73:889-901. doi: 10.1080/09637486.2022.2078286

9. Rzymski P, Kulus M, Jankowski M, Dompe C, Bryl R, Petitte JN, et al. COVID-19
pandemic is a call to search for alternative protein sources as food and feed: a review of
possibilities. Nutrients. (2021) 13:1-12. doi: 10.3390/nu13010150

10. Quek J, Lim G, Lim WH, Ng CH, So WZ, Toh J, et al. The association of plant-
based diet with cardiovascular disease and mortality: a meta-analysis and systematic
review of prospect cohort studies. Front Cardiovasc Med. (2021) 8:756810. doi:
10.3389/fcvm.2021.756810

11. Tomé-Carneiro J, Visioli . Plant-based diets reduce blood pressure: a systematic
review of recent evidence. Curr Hypertens Rep. (2023) 25:127-50. doi:
10.1007/s11906-023-01243-7

12. Tark JY, Li R, Yu B, Wood AC, Padhye NS, de Oliveira Otto MC. Dietary intake of
protein by food source and incident hypertension among diverse US adults: the MESA
study. ] Am Heart Assoc. (2025) 14:¢037813. doi: 10.1161/JAHA.124.037813

13. Silva JCD, Anghinoni ICAB, Gomes MB. Plant-based food for the prevention of
type 2 diabetes: scoping review. Nutrients. (2024) 16:1671. doi: 10.3390/nul6111671

14. Adokwe JB, Waeyeng D, Suwan K, Camsanit K, Kaiduong C, Nuanrat P, et al.
Plant-based diet and glycemic control in type 2 diabetes: evidence from a Thai health-
promoting hospital. Nutrients. (2024) 16:619. doi: 10.3390/nu16050619

15. Crowe FL, Appleby PN, Travis RC, Key TJ. Risk of hospitalization or death from
ischemic heart disease among British vegetarians and nonvegetarians: results from the
EPIC-Oxford cohort studyl-3. Am ] Clin Nutr. (2013) 97:597-603. doi:
10.3945/ajcn.112.044073

16.Xie Y, Cai L, Zhou G, Li C. Comparison of nutritional profile between plant-based
meat analogues and real meat: a review focusing on ingredients, nutrient contents,
bioavailability, and health impacts. Food Res Int. (2024) 187:114460. doi:
10.1016/j.foodres.2024.114460

17. Pettersen BJ, Anousheh R, Fan ], Jaceldo-Siegl K, Fraser GE. Vegetarian diets and
blood pressure among white subjects: results from the Adventist Health Study-2
(AHS-2). Public Health Nutr. (2012) 15:1909-16. doi: 10.1017/S1368980011003454

18. Berkow SE, Barnard ND. Blood pressure regulation and vegetarian diets. Nutr Rev.
(2005) 63:1-8. doi: 10.1111/j.1753-4887.2005.tb00104.x

19. Momal U, Naeem H, Aslam F, Shahbaz M, Imran M, Hussain M, et al. Recent
perspectives on meat consumption and cancer proliferation. ] Food Process Preserv.
(2025) 2025:6567543. doi: 10.1155/jfpp/6567543

20. Barnard ND, Cohen J, Jenkins DJA, Turner-McGrievy G, Gloede L, Jaster B, et al.
A low-fat vegan diet improves glycemic control and cardiovascular risk factors in a
randomized clinical trial in individuals with type 2 diabetes. Diabetes Care. (2006)
29:1777-83. doi: 10.2337/dc06-0606

21. Rajkovic A, Tomasevic I, De Meulenaer B, Devlieghere E The effect of pulsed UV
light on Escherichia coli O157:H7, Listeria monocytogenes, Salmonella Typhimurium,
Staphylococcus aureus and staphylococcal enterotoxin a on sliced fermented salami and
its chemical quality. Food Control. (2017) 73:829-37. doi: 10.1016/j.foodcont.2016.09.029

22.IARC. Red meat and processed meat volume 114 IARC monographs on the
evaluation of carcinogenic risks to humans. Lyon, France: WHO, International Agency
for Research on Cancer. (2018).

23.CAC. Guidelines on nutrition labelling CXG 2-1985 codex Alimentarius,
international foods standards. Codex Aliment Comm (2021). Available online at: https://
www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?Ink=1&url=https%253A%252
F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%
2B2-1985%252FCXG_002e.pdf (Accessed May 25, 2025).

24. Hawkes C. Nutrition labels and health claims: The global regulatory environment
world heal organ. Geneva: WHO Library Cataloguing-in-Publication Data (2004).

25. EFSA. Food additives. (2014). Available online at: https://www.efsa.europa.eu/en/
topics/topic/food-additives (Accessed April 22, 2024).

26.US Food and Drug. Proposed changes to the nutrition facts label. Food Labeling
Revis Nutr Suppl Facts Label. (2014):1-8.

27. European Parliament. Regulation (EU) no 1169/2011 of the European Parliament
and of the Council of 25 October 2011. Off ] Eur Union. (2011)

28. Petrescu-Mag RM, Pistea I, Ginsca C, Cuibus L, Petrescu DC. Meat replacers as
part of sustainable food systems in Romania: a causal network model. J Agric Food Res.
(2025) 21:101803. doi: 10.1016/j.jafr.2025.101803

29. Petrescu DC, Petrescu-Mag RM, Burny P. Resilience to environmental pressure
through quality food demand: meat consumption in Romania. Environ Eng Manag J.
(2017) 16:2391-400. doi: 10.30638/eem;j.2017.247

Frontiers in Nutrition

14

10.3389/fnut.2025.1603600

30. Chiurciu IA, Vlad IM, Stoicea P, Zaharia I, David L, Soare E, et al. Romanian meat
consumers’ choices favour sustainability? Sustain For. (2024) 16:11193. doi:
10.3390/su162411193

31. Petersen T, Hirsch S. Comparing meat and meat alternatives: an analysis of
nutrient quality in five European countries. Public Health Nutr. (2023) 26:3349-58. doi:
10.1017/S1368980023001945

32. Lindberg L, Woodside JV, Fitzgerald H, Campbell N, Vogan H, Kelly C, et al. Plant-
based meat alternatives on the island of Ireland: changes in the market and comparisons
with conventional meat. Food Secur. (2025) 14:903. doi: 10.3390/foods14050903

33. Font-i-Furnols M. Meat consumption, sustainability and alternatives: an overview
of motives and barriers. Food Secur. (2023) 12:2144. doi: 10.3390/foods12112144

34, Statista Research Department. Share of consumers who regularly consume meat
substitutes worldwide in 2024, by country. (2025). Available online at: https://www.
statista.com/statistics/1448910/regular-consumption-of-meat-substitutes-by-
country/#statisticContainer (Accessed May 27, 2025).

35. Bryant C, Szejda K, Parekh N, Desphande V, Tse B. A survey of consumer
perceptions of plant-based and clean meat in the USA, India, and China. Front Sustain
Food Syst. (2019) 3:11. doi: 10.3389/fsufs.2019.00011

36. Cutroneo S, Angelino D, Tedeschi T, Pellegrini N, Martini D. Nutritional quality
of meat analogues: results from the food labelling of Italian products (FLIP) project.
Front Nutr. (2022) 9:852831. doi: 10.3389/fnut.2022.852831

37. Alessandrini R, Brown MK, Pombo-Rodrigues S, Bhageerutty S, He FJ, Macgregor
GA. Nutritional quality of plant-based meat products available in the UK: a cross-
sectional survey. Nutrients. (2021) 13:4225. doi: 10.3390/nu13124225

38. Pointke M, Pawelzik E. Plant-based alternative products: are they healthy
alternatives? Micro- and macronutrients and nutritional scoring. Nutrients. (2022)
14:601. doi: 10.3390/nu14030601

39. Brooker PG, Anastasiou K, Smith BPC, Tan R, Cleanthous X, Riley MD. Nutrient
composition of milk and plant-based milk alternatives: a cross-sectional study of
products sold in Australia and Singapore. Food Res Int. (2023) 173:113475. doi:
10.1016/j.foodres.2023.113475

40. Jaeger I, Kohn CR, Evans JD, Frazzon ], Renault P, Kothe CI. Nutritional and
microbial profiles of ripened plant-based cheese analogs collected from the European
market. Food Res Int. (2024) 191:114724. doi: 10.1016/j.foodres.2024.114724

41. Eurostat. GDP per capita, consumption per capita and price level indices: statistics
explained. Eur Union. (2023) 2

42. GFI Europe. Market insights on European plant-based sales 2020-2022. Available
online at: https://gfieurope.org/market-insights-on-european-plant-based-
sales-2020-2022/ (Accessed April 10, 2024).

43.Fréna D, Szenderdk ], Harangi-Rakos M. The challenge of feeding the world.
Sustain For. (2019) 11:5816. doi: 10.3390/su11205816

44. Osz BE, Stefinescu R, Tero-Vescan A, Salcudean A, Boca CD, Jitca G, et al.
Medical knowledge, religious beliefs, and free will: attitudes and opinions of various
undergraduate female respondents regarding oral contraception. A questionnaire-based
study. Int ] Environ Res Public Health. (2021) 18:3502. doi: 10.3390/ijerph18073502

45. Slade P. If you build it, will they eat it? Consumer preferences for plant-based and
cultured meat burgers. Appetite. (2018) 125:428-37. doi: 10.1016/j.appet.2018.02.030

46. Vaikma H, Kern M, Harwood W, Almli VL. Consumer perceptions of sustainability
towards ingredients, packaging, labelling, and storage conditions in milk, burger
products, and plant-based alternatives: a study in Sweden and Italy. Futur Foods. (2025)
11:100635. doi: 10.1016/j.fufo.2025.100635

47.Juraimi SA, Pink AE, Sheen F, Gatzemeier ], Embling R, Smith BPC. A mixed-
methods exploration of regular consumers’ experiences of plant-based meat alternatives
(PBMA) in Singapore and the United Kingdom. Futur Foods. (2025) 11:100641. doi:
10.1016/j.fufo.2025.100641

48. Siegrist A, Green A, Michel F, Mathys A. Comparing the nutritional value and
prices of meat and milk substitutes with their animal-based benchmarks across six
European countries. Food Res Int. (2024) 197:115213. doi: 10.1016/j.foodres.2024.115213

49.Yang Y, Zheng Y, Ma W, Zhang Y, Sun C, Fang Y. Meat and plant-based meat
analogs: nutritional profile and in vitro digestion comparison. Food Hydrocoll. (2023)
143:108886. doi: 10.1016/j.foodhyd.2023.108886

50. Costa-Catala J, Toro-Funes N, Comas-Basté O, Herndndez-Macias S, Sdnchez-
Pérez S, Latorre-Moratalla ML, et al. Comparative assessment of the nutritional profile
of meat products and their plant-based analogues. Nutrients. (2023) 15:2807. doi:
10.3390/nu15122807

51. Ciobotaru R, Tas AA, Khan TA. Healthiness of meat-based products in comparison
to their plant-based alternatives in the UK market: a packaging evaluation. Food Secur.
(2024) 13:3346. doi: 10.3390/foods13213346

52. Gréa C, Dittmann A, Wolff D, Werner R, Turban C, Roser S, et al. Comparison of
the declared nutrient content of plant-based meat substitutes and corresponding meat
products and sausages in Germany. Nutrients. (2023) 15:3864. doi: 10.3390/nu15183864

53. Fanzo J, McLaren R, Bellows A, Carducci B. Challenges and opportunities for
increasing the effectiveness of food reformulation and fortification to improve dietary
and  nutrition  outcomes.  Food  Policy. (2023) 119:102515.  doi:
10.1016/j.f00dp01.2023.102515

frontiersin.org


https://doi.org/10.3389/fnut.2025.1603600
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1016/j.cofs.2022.100890
https://doi.org/10.1038/s41467-020-20061-y
https://doi.org/10.1038/s41598-021-93100-3
https://doi.org/10.1080/09637486.2022.2078286
https://doi.org/10.3390/nu13010150
https://doi.org/10.3389/fcvm.2021.756810
https://doi.org/10.1007/s11906-023-01243-7
https://doi.org/10.1161/JAHA.124.037813
https://doi.org/10.3390/nu16111671
https://doi.org/10.3390/nu16050619
https://doi.org/10.3945/ajcn.112.044073
https://doi.org/10.1016/j.foodres.2024.114460
https://doi.org/10.1017/S1368980011003454
https://doi.org/10.1111/j.1753-4887.2005.tb00104.x
https://doi.org/10.1155/jfpp/6567543
https://doi.org/10.2337/dc06-0606
https://doi.org/10.1016/j.foodcont.2016.09.029
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B2-1985%252FCXG_002e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B2-1985%252FCXG_002e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B2-1985%252FCXG_002e.pdf
https://www.fao.org/fao-who-codexalimentarius/sh-proxy/es/?lnk=1&url=https%253A%252F%252Fworkspace.fao.org%252Fsites%252Fcodex%252FStandards%252FCXG%2B2-1985%252FCXG_002e.pdf
https://www.efsa.europa.eu/en/topics/topic/food-additives
https://www.efsa.europa.eu/en/topics/topic/food-additives
https://doi.org/10.1016/j.jafr.2025.101803
https://doi.org/10.30638/eemj.2017.247
https://doi.org/10.3390/su162411193
https://doi.org/10.1017/S1368980023001945
https://doi.org/10.3390/foods14050903
https://doi.org/10.3390/foods12112144
https://www.statista.com/statistics/1448910/regular-consumption-of-meat-substitutes-by-country/#statisticContainer
https://www.statista.com/statistics/1448910/regular-consumption-of-meat-substitutes-by-country/#statisticContainer
https://www.statista.com/statistics/1448910/regular-consumption-of-meat-substitutes-by-country/#statisticContainer
https://doi.org/10.3389/fsufs.2019.00011
https://doi.org/10.3389/fnut.2022.852831
https://doi.org/10.3390/nu13124225
https://doi.org/10.3390/nu14030601
https://doi.org/10.1016/j.foodres.2023.113475
https://doi.org/10.1016/j.foodres.2024.114724
https://gfieurope.org/market-insights-on-european-plant-based-sales-2020-2022/
https://gfieurope.org/market-insights-on-european-plant-based-sales-2020-2022/
https://doi.org/10.3390/su11205816
https://doi.org/10.3390/ijerph18073502
https://doi.org/10.1016/j.appet.2018.02.030
https://doi.org/10.1016/j.fufo.2025.100635
https://doi.org/10.1016/j.fufo.2025.100641
https://doi.org/10.1016/j.foodres.2024.115213
https://doi.org/10.1016/j.foodhyd.2023.108886
https://doi.org/10.3390/nu15122807
https://doi.org/10.3390/foods13213346
https://doi.org/10.3390/nu15183864
https://doi.org/10.1016/j.foodpol.2023.102515

Filip et al.

54. European Parliament & Council. Regulation (EC) no 1924/2006 of the European
Parliament and the of the Council on nutrition and health claims made on foods. Off ]
Eur Union. (2006)

55. Romieu I, Dossus L, Barquera S, Blottiére HM, Franks PW, Gunter M, et al. Energy
balance and obesity: what are the main drivers? Cancer Causes Control. (2017)
28:247-58. doi: 10.1007/s10552-017-0869-z

56. Crimarco A, Springfield S, Petlura C, Streaty T, Cunanan K, Lee J, et al. A
randomized crossover trial on the effect of plant-based compared with animal-based
meat on trimethylamine-N-oxide and cardiovascular disease risk factors in generally
healthy adults: study with appetizing plantfood - meat eating alternative trial (SWAP-
MEAT). Am J Clin Nutr. (2020) 112:1188-99. doi: 10.1093/ajcn/nqaa203

57. Bianchi E, Stewart C, Astbury NM, Cook B, Aveyard P, Jebb SA. Replacing meat
with alternative plant-based products (RE-MAP): a randomized controlled trial of a
multicomponent behavioral intervention to reduce meat consumption. Am J Clin Nutr.
(2022) 115:1357-66. doi: 10.1093/ajcn/nqab414

58. World Health Organization. Total fat intake for the prevention of unhealthy weight
gain in adults and children: WHO guideline. Geneva. (2023). Available online at: https://
iris.who.int/bitstream/handle/10665/375574/9789240083714-eng.
pdf?sequence=1&isAllowed=y (Accessed May 25, 2025).

59. Bohrer BM. An investigation of the formulation and nutritional composition of
modern meat analogue products. Food Sci Human Wellness. (2019) 8:320-9. doi:
10.1016/j.fshw.2019.11.006

60. Stephen AM, Champ MM]J, Cloran SJ, Fleith M, Van Lieshout L, Mejborn H, et al.
Dietary fibre in Europe: current state of knowledge on definitions, sources,
recommendations, intakes and relationships to health. Nutr Res Rev. (2017) 30:149-90.
doi: 10.1017/5095442241700004X

61. Marczak A, Mendes AC. Dietary fibers: shaping textural and functional properties
of processed meats and plant-based meat alternatives. Food Secur. (2024) 13:1952. doi:
10.3390/foods13121952

62. Mishra BP, Mishra J, Paital B, Rath PK, Jena MK, Reddy BVV, et al. Properties and
physiological effects of dietary fiber-enriched meat products: a review. Front Nutr. (2023)
10:1275341. doi: 10.3389/fnut.2023.1275341

63. Rodriguez-Martin NM, Cérdoba P, Sarrid B, Verardo V, Pedroche J, Alcala-
Santiago A, etal Characterizing meat- and Milk/dairy-like vegetarian foods and their
counterparts based on nutrient profiling and food labels. Food Secur. (2023) 12:1151.
doi: 10.3390/foods12061151

64. European Comission. Dietary recommendations for protein intake for adults and
older adults. Heal Promot Dis Prev Knowl Gatew. (2021). Available online at: https://
knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/dietary-protein-
intake-adults-3_en#:~:text=The%20recommended%20intake%20in%20adults,the%20
recommendation%20does%20not%20differ (Accessed March 31, 2024).

65. Su T, Le B, Zhang W, Bak KH, Soladoye PO, Zhao Z, et al. Technological challenges
and future perspectives of plant-based meat analogues: from the viewpoint of proteins.
Food Res Int. (2024) 186:114351. doi: 10.1016/].FOODRES.2024.114351

66. Ladjal-Ettoumi Y, Boudries H, Chibane M, Romero A. Pea, chickpea and lentil
protein isolates: physicochemical characterization and emulsifying properties. Food
Biophys. (2016) 11:43-51. doi: 10.1007/s11483-015-9411-6

67. Berghout JAM, Venema P, Boom RM, Van der Goot AJ. Comparing functional
properties of concentrated protein isolates with freeze-dried protein isolates from lupin
seeds. Food Hydrocoll. (2015) 51:346-54. doi: 10.1016/j.foodhyd.2015.05.017

68. Grillo A, Salvi L, Coruzzi P, Salvi P, Parati G. Sodium intake and hypertension.
Nutrients. (2019) 11:1970. doi: 10.3390/nu11091970

69. Yeo MTY, Bi X, Henry CJ. Are plant-based meat analogues richer in minerals than
their ~ meat  counterparts?  Food  Humanit. (2023) 1:670-4.  doi:
10.1016/j.foohum.2023.07.006

Frontiers in Nutrition

15

10.3389/fnut.2025.1603600

70. Latunde-Dada GO, Kajarabille N, Rose S, Arafsha SM, Kose T, Aslam MF, et al.
Content and availability of minerals in plant-based burgers compared with a meat
burger. Nutrients. (2023) 15:2732. doi: 10.3390/nu15122732

71. Zhang Y, Zhang Y, Jia J, Peng H, Qian Q, Pan Z, et al. Nitrite and nitrate in meat
processing: functions and alternatives. Curr Res Food Sci. (2023) 6:100470. doi:
10.1016/j.crfs.2023.100470

72.Yang G, Li B, Li Y-H. Determination of 13 kinds of volatile N-nitrosamines in
sausage and ham products by gas chromatography tandem mass spectrometry. ] Food
Saf Qual. (2019) 10:8436-43.

73.Kos I, Bendelja Ljolji¢ D, Vrdoljak I, Glavas V, Kovacevi¢ N, Pleadin J, et al.
Glutamate in meat processing — origin, function and novel application. ] Cent Eur Agric.
(2023) 24:624-33. doi: 10.5513/JCEA01/24.3.3940

74. Mortensen A, Aguilar F, Crebelli R, Di Domenico A, Dusemund B, Frutos MJ,
et al. Re-evaluation of glutamic acid (E 620), sodium glutamate (E 621), potassium
glutamate (E 622), calcium glutamate (E 623), ammonium glutamate (E 624) and
magnesium glutamate (E 625) as food additives. EFSA . (2017) 15:e04910. doi:
10.2903/j.efsa.2017.4910

75. Zanfirescu A, Ungurianu A, Tsatsakis AM, Nitulescu GM, Kouretas D, Veskoukis
A, et al. A review of the alleged health hazards of monosodium glutamate. Compr Rev
Food Sci Food Saf. (2019) 18:1111-34. doi: 10.1111/1541-4337.12448

76. Hasenbohler A, Javaux G, Payen de la Garanderie M, Szabo de Edelenyi F, Agaésse
C, De Sa A, et al. Food additive monosodium glutamate and risk of cardiovascular
diseases - NutriNet-santé cohort. Eur J Pub Health. (2024) 34:ckael44-234. doi:
10.1093/eurpub/ckae144.234

77. Croitoru M, Fiilop I, Ajtay M, Dudutz G, Craciun O, Dogaru M. Glutamate
determination in foodstuffs with a very simple HPLC-UV method. Acta Aliment. (2010)
39:239-47. doi: 10.1556/AAlim.39.2010.2.15

78.Rhodes J, Titherley AC, Norman JA, Wood R, Lord DW. A survey of the
monosodium glutamate content of foods and an estimation of the dietary intake of
monosodium  glutamate. Food Addit Contam. (1991) 8:265-74. doi:
10.1080/02652039109373976

79. Ammar AS, Atwa MAI, Faress DM, Ali AM. Safety of some synthetic food colours:
review. Turk J Agric. (2021) 9:2347-54. doi: 10.24925/turjaf.v9i12.2347-2354.4355

80. Rambler RM, Rinehart E, Boehmler W, Gait P, Moore ], Schlenker M, et al. A
review of the association of blue food coloring with attention deficit hyperactivity
disorder symptoms in children. Cureus. (2022) 14:e29241. doi: 10.7759/cureus.29241

81. Chen N, Watanabe K, Kobayakawa T, Wada M. Relationships between autistic
traits, taste preference, taste perception, and eating behaviour. Eur Eat Disord Rev.
(2022) 30:628-40. doi: 10.1002/erv.2931

82. de Oliveira ZB, Silva da Costa DV, da Silva dos Santos AC, da Silva Junior AQ, de
Lima Silva A, de Santana RCE, et al. Synthetic colors in food: a warning for children’s
health. Int ] Environ Res Public Health. (2024) 21:682. doi: 10.3390/ijerph21060682

83. Wu H, Sakai K, Zhang J, McClements DJ. Plant-based meat analogs: color
challenges and coloring agents. Food, Nutr Heal. (2024) 1. doi:
10.1007/s44403-024-00005-w

84. Ryu KK, Kang YK, Jeong EW, Baek Y, Lee KY, Lee HG. Applications of various
natural pigments to a plant-based meat analog. LWT. (2023) 174:114431. doi:
10.1016/j.1wt.2023.114431

85. Monteiro CA, Moubarac JC, Cannon G, Ng SW, Popkin B. Ultra-processed
products are becoming dominant in the global food system. Obes Rev. (2013) 14:21-8.
doi: 10.1111/0br.12107

86. Filip C, Stefinescu R, Osz B-E, Puscas A, Tanase C, Nechifor-Boila A, et al. Sex-
specific biochemical and histopathological effects of chronic meat-based vs. plant-based
burger consumption in a rodent model. Food Secur. (2025) 14:888. doi:
10.3390/foods14050888

frontiersin.org


https://doi.org/10.3389/fnut.2025.1603600
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.1007/s10552-017-0869-z
https://doi.org/10.1093/ajcn/nqaa203
https://doi.org/10.1093/ajcn/nqab414
https://iris.who.int/bitstream/handle/10665/375574/9789240083714-eng.pdf?sequence=1&isAllowed=y
https://iris.who.int/bitstream/handle/10665/375574/9789240083714-eng.pdf?sequence=1&isAllowed=y
https://iris.who.int/bitstream/handle/10665/375574/9789240083714-eng.pdf?sequence=1&isAllowed=y
https://doi.org/10.1016/j.fshw.2019.11.006
https://doi.org/10.1017/S095442241700004X
https://doi.org/10.3390/foods13121952
https://doi.org/10.3389/fnut.2023.1275341
https://doi.org/10.3390/foods12061151
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/dietary-protein-intake-adults-3_en#:~:text=The%20recommended%20intake%20in%20adults,the%20recommendation%20does%20not%20differ
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/dietary-protein-intake-adults-3_en#:~:text=The%20recommended%20intake%20in%20adults,the%20recommendation%20does%20not%20differ
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/dietary-protein-intake-adults-3_en#:~:text=The%20recommended%20intake%20in%20adults,the%20recommendation%20does%20not%20differ
https://knowledge4policy.ec.europa.eu/health-promotion-knowledge-gateway/dietary-protein-intake-adults-3_en#:~:text=The%20recommended%20intake%20in%20adults,the%20recommendation%20does%20not%20differ
https://doi.org/10.1016/J.FOODRES.2024.114351
https://doi.org/10.1007/s11483-015-9411-6
https://doi.org/10.1016/j.foodhyd.2015.05.017
https://doi.org/10.3390/nu11091970
https://doi.org/10.1016/j.foohum.2023.07.006
https://doi.org/10.3390/nu15122732
https://doi.org/10.1016/j.crfs.2023.100470
https://doi.org/10.5513/JCEA01/24.3.3940
https://doi.org/10.2903/j.efsa.2017.4910
https://doi.org/10.1111/1541-4337.12448
https://doi.org/10.1093/eurpub/ckae144.234
https://doi.org/10.1556/AAlim.39.2010.2.15
https://doi.org/10.1080/02652039109373976
https://doi.org/10.24925/turjaf.v9i12.2347-2354.4355
https://doi.org/10.7759/cureus.29241
https://doi.org/10.1002/erv.2931
https://doi.org/10.3390/ijerph21060682
https://doi.org/10.1007/s44403-024-00005-w
https://doi.org/10.1016/j.lwt.2023.114431
https://doi.org/10.1111/obr.12107
https://doi.org/10.3390/foods14050888

	Comparative analysis of the nutritional quality of plant-based and traditional meat products across European markets
	1 Introduction
	2 Materials and methods
	2.1 Samples and data collection
	2.2 Selection criteria of food products and categories
	2.3 Statistical analysis

	3 Results
	3.1 Product selection and overall nutrient profile
	3.2 Statistical analysis of nutritional composition of products by category
	3.2.1 Burgers
	3.2.2 Sausages
	3.2.3 Meatballs
	3.2.4 Minced meat
	3.2.5 Bacon
	3.3 Quality indicators of the products other than the nutritional composition
	3.4 Descriptive statistics and correlation of variables according to country

	4 Discussion
	4.1 Market analysis of PBM in different countries
	4.2 Nutritional parameters of the products
	4.2.1 Energy value
	4.2.2 Saturated and unsaturated fat
	4.2.3 Carbohydrates and sugars
	4.2.4 Fibers
	4.2.5 Protein
	4.2.6 Salt
	4.2.7 Other quality indicators
	4.3 Strengths and limitations of this study

	5 Conclusion

	References

