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Abstract: Plant-based meat substitutes (PBMS) are becoming increasingly popular due to growing
concerns about health, animal welfare, and environmental issues associated with animal-based
foods. The aim of this study was to compare the declared energy and nutrient contents of PBMS
with corresponding meat products and sausages available on the German market. Mandatory
nutrition labelling data of 424 PBMS and 1026 meat products and sausages, surveyed in 2021 and
2020, respectively, as part of the German national monitoring of packaged food were used to test
for differences in energy and nutrient contents. Principal component analysis (PCA) was used to
describe characteristics in the energy and nutrient contents. The comparison showed that most of the
PBMS subcategories had significantly lower contents of fat and saturated fat but higher contents of
carbohydrate and sugar than corresponding meat subcategories. For salt, the only striking difference
was that PBMS salamis had lower salt content than meat salamis. Overall, the PCA revealed protein
as a main characteristic for most PBMS categories, with the protein content being equivalent to
or, in most protein-based PBMS, even higher than in the corresponding meat products. The wide
nutrient content ranges within subcategories, especially for salt, reveal the need and potential
for reformulation.

Keywords: plant-based meat substitute; meat products; sausages; vegetarian; alternative
protein; reformulation

1. Introduction

It has long been known that a diet rich in, e.g., fruit and vegetables and low in red
and processed meat is conducive to health. On the other hand, a high intake of red and
processed meats and a low intake of fruits and vegetables are major dietary risk factors.
According to the summaries of the health metrics on the global burden of diseases [1],
diets low in fruit are responsible for 27.7 million DALYs (disease-adjusted life years), diets
low in vegetables for 13.0 million DALYs, diets high in red meat for 23.9 million DALYs,
and diets high in processed meat for 8.56 million DALYs. In addition, there is convincing
evidence that a diet rich in highly processed foods supports weight gain [2], thus elevating
the risk for conditions associated with excess body weight such as cardiovascular disease,
diabetes, or cancer [3]. In recent years, and owing to the climate change debate, the health
perspective concerning diet has been expanded to also consider planetary health [4–6].
Consequently, the environmental impact of diets has received increasing attention and has
led to the concept of the planetary health diet [4]. Given the substantial environmental
burden of animal-based foods, first and foremost meat and dairy from ruminants, a major
tenet of environment-conscious dietary recommendations is to reduce meat and dairy
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consumption [4–7]. In response to this, a new market of plant-based meat substitutes
(PBMS) has emerged.

Whether PBMS are suited to promote both human and environmental health is a
matter of current debate [8,9]. Though the jury is out, the population’s growing interest in
limiting meat consumption by substituting meat in their diet with PBMS has contributed to
a growing demand for such products [10]. On the supply side, this is accompanied by rising
sales of PBMS, a significant increase in product innovations, and a wide range of PBMS on
the market [11]. In Germany, the production volume of PBMS increased from 60,400 tons in
2019 to 104,300 tons in 2022 (+72.7%) [12,13], with further increases predicted for the coming
years [14]. The market offer comprises a large variety of vegan and vegetarian products
that imitate the appearance, texture, and taste of meat products such as burger patties
and sausages. The majority of these PBMS are based on grains, legumes, or protein-rich
preparations thereof. Others may contain mycoproteins or ingredients of animal origin
such as egg or milk [10,15].

The increasing popularity of PBMS gives cause to investigate their energy and nutrient
contents in comparison to packaged meat products. Previous studies, mostly from outside
Germany, assessed limited sets of PBMS products [16–20]. Consequently, a comprehensive
assessment of PBMS products on the German market is lacking. Such an assessment is
particularly important when consumers switch from meat products to PBMS with the
intention of reducing their intake of saturated fat or salt. Recent studies showed that such
health aspects may also influence consumer choices, although taste, appearance, or animal
welfare are more important in this regard [21–24].

The present paper aims (1) to compare the declared energy and nutrient contents
of PBMS to packaged meat products and sausages available in German retail and (2) to
investigate characteristic properties in their nutritional composition.

2. Materials and Methods
2.1. Data Source and Management

As part of the German “National Reduction and Innovation Strategy (NRI) for Sugar,
Fats, and Salt in processed foods” [25], the Federal Research Institute of Nutrition and
Food (Max Rubner-Institut) has been mandated by the Federal Ministry of Food and Agri-
culture to monitor the energy and nutrient contents of selected packaged food categories
between 2019 and 2025 [25,26]. For the present study, monitoring data such as energy
and nutrient contents as declared in mandatory nutrition labelling (amount of fat, satu-
rated fat, carbohydrate, sugars, protein, and salt), ingredient lists, and visuals of package
fronts were used. Meat products and sausages were surveyed in 2020 [27], and PBMS
in 2021 [28]. Corresponding product information was predominantly collected online by
searching manufacturers’ websites manually within the defined survey period from August
to December 2020 and 2021, respectively. In order to fill data gaps, the online research was
complemented by enquiries with manufacturers and visits to grocery stores. The data were
managed with a customised branded food module within the FoodCASE software, version
7.9.1 (Premotec GmbH, Winterthur, Switzerland). Detailed information on the design and
methods of the German monitoring of packaged food is described elsewhere [29].

Inclusion Criteria and Definition of Food Categories

PBMS were included if the product name, the labelling, or the product description
contained terms of an originally meat-based product such as schnitzel, (ham)burger, or
sausage. PBMS without such textual reference to meat were only included if the design of
the packaging or the product alluded to the original meat product. Products not aiming
to imitate meat products, such as tofu blocks and dry products (e.g., granulated soy for
reconstitution), were not considered.

For meat products and sausages, the large variety of products required focusing
data collection on the top-selling product groups. Subcategories of meat products were
differentiated according to the German guideline for meat and meat products [30] and
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the expertise of the MRI-department of Safety and Quality of Meat. For example, salami
products are differentiated according to the degree of drying. For this study, we included
only a selection of meat subcategories for which we monitored comparable subcategories
of PBMS.

In order to compare the declared energy and nutrient contents of PBMS with those
of corresponding meat products, each product was assigned to one of the following four
categories: breaded products, minced products, sausages, and salamis. Within these,
PBMS were further differentiated into protein-based and grain-/vegetable-based (hereafter:
vegetable-based) PBMS (see Table 1). This distinction was mainly based on the information
on the product. In case of declarations such as “based on plant protein” or if products were
mainly made from tofu, milk, pulses, or nuts, they were categorised as protein-based PBMS.
Products declared as vegetable products (e.g., vegetable nuggets) or mainly made from
grains (e.g., oat flakes, rice), vegetables, or mushrooms were categorised as vegetable-based
PBMS. If the information on the product and/or description did not provide the necessary
information, the ingredient list was analysed to identify the basis or main ingredients of
the product and thus allow proper categorisation. PBMS categorised as protein-based
could contain sizable amounts of grains or vegetables, and vice versa. Owing to the small
number of vegetarian products, no further distinction was made between vegetarian and
vegan products.

Table 1. Food categories and subcategories of plant-based meat substitutes (PBMS) as well as the
corresponding meat products and sausages.

Category Description Subcategory Examples

Breaded
products

Breaded or battered products, including
breaded or battered burgers/patties and the

corresponding PBMS;
only products without filling

Protein-based PBMS Chicken-style nuggets; veggie schnitzel;
crispy chicken-style burger

Vegetable-based PBMS Vegetable schnitzel; rice nuggets;
broccoli burger

Pork Pork schnitzel; schnitzel vienna style

Poultry
Chicken or turkey schnitzel; chicken

nuggets/sticks/chips; crispy
chicken burger

Minced
products

Products made from minced meat and the
corresponding PBMS

Protein-based PBMS Black bean burger; veggie balls

Vegetable-based PBMS Jackfruit burger, sweet potato patties

Pork Meatballs; cevapcici

Poultry Chicken meatballs; chicken cevapcici

Beef Beef burger; beef burger patties

Sausages

Typical German cooked sausages and the
corresponding PBMS intended for cold or

warm consumption; meat products may be
cured; sausages as a whole or sliced

Protein-based PBMS 1 Seitan cold cuts; veggie cocktail
sausages; soy sausage

Pork “Lyoner”, meat sausage, wiener
sausage, bratwurst

Poultry Chicken sausage; poultry bratwurst

Salamis Salami and PBMS for raw sausages; salami as a
whole and sliced

Protein-based PBMS 2 Tofu salamito; vegan garlic salami

Pork 3 Salami cold cuts; pepper salami

Poultry 4 Turkey salami; chicken salami
1 The sample size of vegetable-based sausages was too small for a comparison; 2 no vegetable-based salamis were
found; 3 salami produced with ≤130 g raw meat per 100 g salami, 4 salami produced with ≤120 g raw meat per
100 g salami; for detailed information on the definition of product subcategories, see [27].

In each of the four categories, meat products were further differentiated according to
the main animal source, which could be pork, poultry, or beef. A summary of the categories
used, their descriptions, the subcategories, and examples thereof can be found in Table 1.
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As the sample of vegetable-based sausages was too small for a comparison (n < 5), and no
vegetable-based salamis were found, these two subcategories were not considered further.

2.2. Statistical Data Analysis

To compare the energy and nutrient contents of PBMS and meat, descriptive statistics
including minimum, maximum, median, mean with standard deviation (SD), and quartiles
(P25 and P75) were calculated for fat, saturated fat, carbohydrates, sugar, protein, salt (all
in g/100 g), and energy content (in kcal/100 g) for each category and subcategory.

The normality of data distribution was checked using the Shapiro–Wilk test and
rejected. To explore differences in energy and nutrient contents, the Kruskal–Wallis test was
used within each category. Thereafter, each PBMS subcategory was compared against each
of the meat subcategories by the Mann–Whitney non-parametric test for two independent
samples with Bonferroni correction, resulting in a different number of comparisons across
categories. For all results, a p-value below 0.05 was defined as statistically significant.

To discover potential clusters and describe characteristics in the energy and nutrient
contents of PBMS and meat products within the four categories, principal component
analysis (PCA) was applied in a further step. For this purpose, PBMS subcategories and
meat subcategories were summarised, and a PCA was performed with four PBMS and four
meat categories. All calculations of descriptive statistics and significance tests as well as all
visualisations were conducted in R, version 4.2.2, and RStudio, version 2022.12.0+353 [30].
PCA was performed using the R package factoextra with scaled data [31].

3. Results

A total of 1450 products met the inclusion criteria, comprising 1026 meat products
and sausages and 424 PBMS. The energy and nutrient contents (amount of fat, saturated
fat, carbohydrates, sugars, protein, and salt) of these products were compared for the four
categories of breaded products, minced products, sausages, and salamis, including testing
of significant differences of PBMS subcategories to corresponding meat subcategories.
For all four categories, significant differences were observed (p < 0.001). The observed
differences of the pairwise comparisons are shown in Table 2.

3.1. Statistical Comparison of Energy and Nutrient Contents of PBMS and Meat Subcategories
3.1.1. Breaded Products

Both breaded PBMS subcategories had significantly lower protein contents than the
breaded meat subcategories. Furthermore, breaded protein-based PBMS showed signifi-
cantly higher mean energy and carbohydrate contents, and breaded vegetable-based PBMS
had higher carbohydrate and sugar contents than both breaded meat subcategories.

As for mean salt content, though breaded vegetable-based PBMS marked the lower
boundary at 1.2 g/100 g, and breaded protein-based PBMS marked the upper boundary
at 1.5 g/100 g, differences between PBMS and meat subcategories were not significant
(Table 2).

3.1.2. Minced Products

Minced PBMS subcategories had significantly lower contents of energy, fat, and
saturated fat and higher contents of carbohydrates and sugar compared to individual or
even all minced meat subcategories.

Minced protein-based PBMS had a significantly higher protein content than pork and a
higher salt content than beef products. Differences from minced poultry products were only
found for sugar content, which was significantly higher in minced protein-based PBMS.

Vegetable-based PBMS had significantly higher carbohydrate and sugar contents but a
lower content of saturated fat compared to all minced meat categories and of salt compared
to minced pork and beef products (Table 2).
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Table 2. Energy and nutrient contents of PBMS and corresponding meat products and sausages per subcategory across four categories, based on mandatory nutrition
labelling (per 100 g product).

Breaded Products Minced Products Sausages Salamis
PBMS 1 Meat PBMS 2 Meat PBMS 3 Meat PBMS 4 Meat

Protein Vegetable Pork Poultry Protein Vegetable Pork Poultry Beef Protein Pork Poultry Protein Pork Poultry
Count 80 17 42 78 103 23 40 29 51 172 436 163 29 155 32

EN
ER

G
Y

[k
ca

l/
10

0
g] Mean ± SD 245 ± 41 a,b 206 ± 30 210 ± 32 203 ± 37 225 ± 44 a 207 ± 71 a 275 ± 25 216 ± 36 236 ± 21 222 ± 46 a 271 ± 40 228 ± 28 227 ± 41 a,b 347 ± 43 290 ± 60

Median 239 209 215 203 226 216 281 222 245 226 275 232 240 349 292

Min/Max 141/339 131/248 137/272 129/302 118/341 122/330 206/328 112/272 180/270 127/395 88/370 105/314 135/275 220/431 216/432

FA
T

[g
/1

00
g] Mean ± SD 12.1 ± 4.0 b 10.0 ± 2.1 9.3 ± 3.2 8.6 ± 3.8 12.6 ± 4.2 a,c 9.5 ± 6.3 a,c 20.2 ± 2.8 13.8 ± 4.2 17.6 ± 2.6 14.1 ± 4.9 a,b 23.9 ± 4.6 18.9 ± 3.3 11.2 ± 4.1 a,b 28.9 ± 4.9 22.8 ± 7.3

Median 12.0 9.8 10.0 9.0 12.0 10.0 21.5 15.0 18.0 13.0 24.5 20.0 11.0 29.0 22.5

Min/Max 3.4/22.0 5.6/15.0 1.8/15.0 0.9/20.0 3.4/22.5 1.2/20.9 14.0/24.0 2.3/19.4 10.9/20.0 3.2/38.0 2.5/36.2 4.8/29.0 2.6/19.0 15.0/39.0 14.0/40.0

SA
T.

FA
T

[g
/1

00
g] Mean ± SD 1.4 ± 0.6 a 1.2 ± 0.4 a 1.8 ± 0.7 1.3 ± 0.9 3.2 ± 3.0 a,c 1.3 ± 0.7 a,b,c 7.7 ± 1.2 4 ± 1.4 7.7 ± 1.4 2.3 ± 2.5 a,b 9.5 ± 2 5.9 ± 1.3 2.0 ± 2.0 a,b 11.2 ± 1.4 10.0 ± 3.1

Median 1.2 1.2 1.8 1.0 1.8 1.4 8.0 4.5 8.4 1.6 9.8 6.0 1.1 12.0 10.0

Min/Max 0.5/4.0 0.6/1.8 0.7/3.7 0.3/5.0 0.3/13.0 0.4/3.1 4.5/9.0 0.7/6.8 4.3/9.6 0.4/17.7 0.7/16.3 2.0/8.7 0.4/9.3 6.0/14.4 5.0/18.0

C
A

R
B

[g
/1

00
g] Mean ± SD 18.3 ± 5.1 a,b 22.0 ± 4.5 a,b 14.4 ± 2.3 15.3 ± 3.9 8.3 ± 4.5 c 16.7 ± 4.1 a,b,c 8.5 ± 2.7 7.8 ± 3.7 1.7 ± 2.7 5.1 ± 3.2 a,b 1.0 ± 0.7 1.0 ± 0.5 6.4 ± 2.3 a,b 1.1 ± 0.5 0.9 ± 0.3

Median 18.6 22.4 14.0 15.0 7.4 17.2 8.5 7.5 0.5 4.4 1.0 1.0 5.9 1.0 1.0

Min/Max 5.4/28.0 14.0/27.0 10.9/19.0 0/23.2 1.5/24.9 7.9/24.0 0.5/15.0 1.0/16.0 0/10.0 1.0/26.0 0/4.7 0/3.4 3.7/13.0 0.5/5.0 0.5/1.9

SU
G

A
R

[g
/1

00
g] Mean ± SD 1.7 ± 1.2 2.6 ± 0.9 a,b 1.3 ± 0.5 1.1 ± 0.6 2.5 ± 1.8 a,b,c 3.0 ± 1.2 a,b,c 0.9 ± 0.6 1.1 ± 0.5 0.4 ± 0.6 1.6 ± 1.0 a,b 0.7 ± 0.4 0.7 ± 0.3 2.2 ± 1.0 a,b 0.7 ± 0.6 0.7 ± 0.3

Median 1.6 2.8 1.1 1.0 2.1 3.0 0.5 1.0 0.3 1.6 0.6 0.5 1.9 0.8 0.5

Min/Max 0.2/5.1 1.6/5.1 0.2/2.4 0/3.0 0/8.2 0.7/4.9 0.3/2.5 0.3/2.6 0/2.7 0/4.4 0/4.5 0/1.7 0.7/4.8 0/3.2 0.3/1.0

PR
O

T
EI

N
[g

/1
00

g] Mean ± SD 13.9 ± 3.9 a,b 5.3 ± 2.4 a,b 17.0 ± 1.4 15.8 ± 2.2 18.0 ± 6.1 a 11.1 ± 5.6 c 14.4 ± 1.4 14.8 ± 1.7 17.6 ± 2.4 17.9 ± 8.8 a,b 13.0 ± 1.6 13.4 ± 1.4 24.2 ± 10.4 a,b 20.6 ± 1.4 20.3 ± 1.9

Median 13.9 4.5 17.0 16.0 17.0 12.4 14.0 14.0 18.0 19.0 13.0 13.0 28.0 20.4 21.0

Min/Max 2.8/24.6 2.2/11.8 14.0/21.3 9.7/23.0 5.2/31.0 2.4/19.0 12.0/17.2 12.0/20.0 13.0/28.0 3.2/32.0 7.8/19.0 8.7/18.0 4.0/36.0 17.0/26.0 16.0/23.0

SA
LT

[g
/1

00
g] Mean ± SD 1.5 ± 0.4 1.2 ± 0.3 1.4 ± 0.3 1.3 ± 0.3 1.9 ± 0.5 c 1.3 ± 0.3 a,b 1.8 ± 0.3 1.8 ± 0.3 1.3 ± 0.3 1.9 ± 0.5 a,b 2.0 ± 0.3 2.1 ± 0.2 2.1 ± 0.6 a,b 3.8 ± 0.3 3.7 ± 0.2

Median 1.4 1.1 1.3 1.3 1.7 1.3 1.7 1.9 1.3 1.8 2.0 2.1 2.1 3.9 3.7

Min/Max 0.6/2.4 0.9/1.7 1.0/2.2 0.7/2.1 0.5/2.4 0.6/1.9 1.2/2.5 1.0/2.2 0.5/1.9 0.1/3 1.2/3.4 1.6/3.0 1.0/3.4 2.5/4.5 3.2/4.0

a,b,c Superscript letters indicate a significant difference (p < 0.05) between the PBMS subcategory and the corresponding meat subcategory identified by the letter, based on the code:
a = pork, b = poultry, c = beef; SAT. FAT = saturated fat; CARB = carbohydrate; 1 80 vegan and 17 vegetarian breaded PBMS; 2 113 vegan and 13 vegetarian minced PBMS; 3 135 vegan
and 37 vegetarian sausage PBMS; 4 28 vegan and 1 vegetarian salami PBMS.
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3.1.3. Sausages

Protein-based sausage substitutes differed from pork sausages in energy and all
nutrients and from poultry sausages in all nutrients. They had lower fat, saturated fat, and
salt contents than meat sausages and higher contents of carbohydrates, sugar, and protein
(Table 2).

3.1.4. Salamis

Protein-based salami substitutes differed from meat salamis in energy and all surveyed
nutrients. They had lower mean contents in energy, fat, saturated fat, and salt than meat
salami products, but they were higher in mean carbohydrate, sugar, and protein content
(Table 2).

3.2. Characteristics in the Energy and Nutrient Contents of PBMS and Meat Products

To investigate whether there were any characteristic attributes in the nutrient content
of PBMS compared to meat, a PCA was carried out. The PCA provides information about
interdependencies of the energy and nutrient contents of all examined products, grouped
into the eight categories (Figure 1).

Here, the first two principal components explained 70.9% of the total variation in the
product composition in the eight different categories. Except for protein, all energy and
nutrient contents were distributed along the x-axis to some extent (Dim 1; 53.3%) and thus
contributed to the first principal component. All PBMS categories showed relatively big
clusters and wide distributions along the y-axis (Dim 2; 17.6%), where only the protein
content seemed to be responsible for this distribution.

Except for salami (Figure 1, part C), all categories of meat products overlapped with
their PBMS counterparts to a certain degree. These overlapping clusters indicate that the
PBMS categories have a relatively similar composition compared to their corresponding
meat categories at the level of energy and surveyed nutrients. This is especially apparent
for breaded products.

Clusters of PBMS categories were mainly located in the right half of the plot, showing
that they are mainly described by their carbohydrate and sugar content (Figure 1). High
carbohydrate and sugar contents of PBMS were already described before (Section 3.1):
all PBMS subcategories except for one had significantly higher means and higher spans
in carbohydrate and sugar contents than comparable meat products (Table 2; Figure A1).
Breaded meat products represent an exception, as they are also mainly described through
their carbohydrate content (Figure 1, part A).

Furthermore, minced PBMS, sausage substitutes, and salami substitutes were charac-
terised by their protein content (Figure 1). The protein content of these PBMS categories
showed a high variation compared to meat products (Table 2), as is illustrated in the PCA
by the wide distribution along the y-axis. Overall, protein content was higher in these
PBMS than in corresponding meat products. Almost 75% of the salami substitutes and
50% of the sausage substitutes exceeded the maximum protein content observed in the
corresponding meat categories (Figure 2).

In contrast, three of the four meat clusters (salami, sausages, and half of the minced
meat) are mainly located in the left half of the plot, which indicates that they are higher in
salt, energy, fat, and saturated fat than their PBMS counterparts (Figure 1). The correspond-
ing PBMS categories showed considerably lower medians for fat and saturated fat (Table 2;
Figure A2).

Meat sausages were primarily characterised by their fat and saturated fat contents,
and meat salami products are characterised by a particularly high salt and energy content.
The cluster of minced meat products is altogether more centered, meaning that overall, no
nutrient is dominant (Figure 1).
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PBMS and meat subcategories showed several significant differences in salt contents
(Table 2). However, striking differences were only observed for salamis. According to the
PCA, salt was only a characterising component for meat salamis (Figure 1). More than 75%
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of meat salamis exceeded a salt content of 3.5 g per 100 g product, whereas 75% of PBMS
contained less than 2.5 g salt per 100 g (Figure 3).
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4. Discussion

Using mandatory nutrition labelling data, the present analysis reports significant dif-
ferences in energy and nutrient contents between PBMS and corresponding meat products
and highlights characteristic properties in their nutritional composition.

When comparing the nutritional value of PBMS and meat products, protein as a
valuable nutrient of meat and salt content as a health-related risk factor are often dis-
cussed [16,18,20,32–37].

For protein, several studies reported lower contents in PBMS than in meat prod-
ucts [16,19,20,32–36], except in some categories (especially sausages), where higher con-
tents were observed [17,32,35,36]. In contrast, our PCA results indicated that protein is a
main characteristic for most of the PBMS categories. This may partly be explained by the
fact that more protein-based than vegetable-based products were included in the analysis.
Compared to the corresponding meat products, the detailed sub-categorisation showed
lower protein contents for vegetable-based and, except for breaded products, equivalent
or higher protein contents for protein-based PBMS (Table 2; Figure 2). Apart from the
different product categorisation, these discrepancies may also be due to country-specific
differences in terms of market offer and product formulation. The differentiation between
protein-based and vegetable-based PBMS might also be important for consumers looking
to replace meat as a protein source with a protein-rich plant-based option. In this context,
it is worth noting that the monitored PBMS were often found to bear a protein-related
nutrition claim according to the EU Regulation [38].

The second important nutrient in the evaluation of PBMS is salt, as PBMS have been
reported to contain significant amounts of salt, and especially to be higher in salt compared
to meat products [16,19,20,33,35,37,39]. Only for plant-based sausage substitutes, some
studies reported lower salt contents compared to meat sausages [16–18,32,33,35–37]. Our
analysis showed lower mean salt contents for most PBMS subcategories relative to meat,
although the differences in absolute content were mostly only small (except for salamis).
The mean salt content of both meat salami subcategories is 1.8 times higher than the
mean salt content of protein-based salami substitutes. The wide range and, in some cases,
high content of salt found in meat products and PBMS reveal the potential and need
for reformulation.

In Germany, salt reduction commitments for meat products within the NRI are limited
to reducing particularly high salt contents (referred to as salt peaks) in cooked meat
products [25]. In the UK, specific salt reduction targets have been set for PBMS such as
sausages, burgers, or flavoured meat substitutes (combined under the generic term meat-
free products (on average, ≤0.85 g salt/100 g meat-free product)) as well as for meat-free
bacon (≤1.78 g salt/100 g) and plain meat alternatives (≤0.63 g salt/100 g) [40]. These
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targets are only met by a subset of PBMS on the UK market (36% (meat-free products) and
15% (meat-free bacon), respectively) [16]. In the present study, only a few products comply
with those targets.

According to our results, PBMS on the German market are mainly characterised by
their carbohydrate and sugar contents, whereas meat products showed a higher loading
in the PCA for fat and saturated fat, or for salt and energy. Though there may well be a
link between total and saturated fat content, the observed pairing of salt and energy is less
obvious (see Figure 1).

Due to the use of various starchy ingredients, a higher carbohydrate and sugar content is to
be expected in PBMS, and this has already been shown in previous studies [17–19,32,34–37,39].
Smaller differences in sugar content between breaded and minced protein-based PBMS and
the respective meat products can be explained by similar ingredients such as breadcrumbs,
bread, or cornflakes used for the breading. Even though the sugar content was higher in
PBMS than in meat products, it did not exceed 5 g/100 g product, which is the maximum
amount allowed by the EU nutrition and health claims regulation [38] for classifying a
product as “low in sugar”. Thus, our results are in line with an earlier, smaller market
analysis in Germany [41], which showed that many PBMS could be considered as “low in
sugar” according to the regulation. In addition, PBMS have been reported to have high
levels of dietary fibre [16,18–20,32,33] or to qualify as a source of dietary fibre [36], as
many of the main ingredients used are naturally high in dietary fibre. However, a direct
comparison of dietary fibre was not part of this study, as this is not a component of the
mandatory nutrition labelling in the EU.

Meat products, especially sausages, are predominantly described by their contents
of fat and saturated fat, which is to be expected due to the traditional production with
different animal fat components [42]. On the other hand, PBMS often show a wide range
of fat and saturated fat contents [16,20,33,34,36,39,43], an observation supported by the
present analysis. Although the ingredient lists were not examined in detail here, this
finding is likely attributable to the different fat sources used, e.g., rapeseed oil compared
to coconut or palm oil [34,41,44,45]. This variability within the groups indicates that it is
possible to manufacture PBMS with low saturated fat content without compromising the
product properties. The range also allows consumers to select products with lower total or
saturated fat contents.

Which PBMS products people choose, the quantity consumed, the amount of meat
replaced, and any wider dietary changes resulting from using PBMS all influence nutrient
intake and nutritional status, which in turn impact health. Just looking at the nutritional
contribution of PBMS, our results indicate that, with the exception of the category of
breaded products, a majority of PBMS may be suited to reduce total and saturated fat
intake. Regarding salt, lower intakes may be achieved by switching from meat salamis to
the corresponding protein-based PBMS. In the breaded and minced product categories, the
same holds for switching to vegetable-based PBMS. Therefore, PBMS may also help reduce
the disease burden associated with diets high in sodium [1]. Among the investigated PBMS,
there were products that combine lower levels of total fat, saturated fat, and sodium. How-
ever, it would be wrong to assume that simply switching from meat to the corresponding
substitute category would result in lower intakes of said nutrients by default.

A potential downside of consuming PBMS lies in the fact that these products are
often highly processed, not least because of isolated plant derivatives being used for
their production [9]. Such processing may result in noticeably lower contents of bioactive
compounds that are abundant in whole plant foods [8,9] while producing foods that are
quick to consume. Diets high in processed, quick-to-eat foods have been shown to promote
weight gain [2] and so represent a dietary risk factor for associated morbidities. As another
limitation, PBMS may fail to provide essential micronutrients such as vitamin B12 or highly
bioavailable iron as found in meat.

On the whole, if PBMS are used to replace meat in the diet, this is likely to reduce
the health risks associated with high meat consumption [1] as well as the environmental
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impact of the diet [6,7,9]. Nonetheless, evidence from food compositional studies and
epidemiologic investigations is needed, as outlined below, to determine whether PBMS can
support population health in the long term.

4.1. Strength and Limitations

One strength of the present study is its comprehensive data set, with product informa-
tion gathered systematically via online research on manufacturer and major retail websites
and visits to retail stores. The data set comprises food products of brand manufactures
and discount brands. However, Germany has a vast range of meat products and sausages,
which are furthermore characterised by numerous regional specialities. For this reason,
the monitoring of this product category had to be limited to a manageable number of
subcategories [27]. At the same time, the market for PBMS is growing rapidly and thus
challenging to capture. Nonetheless, the present study is based on systematically collected
nutritional data for a broad range of PBMS and meat products and, within the analysed
product subcategories, can be seen as covering the German market.

As a result of the observed variety of PBMS on the German market, we differentiated
between protein-based and vegetable-based products wherever possible. On the one hand,
this allows for considering existing in-group variabilities among more consistent PBMS
subgroups in the analysis. This is important, as protein-based PBMS in particular might be
intended to mimic not only the appearance but also the nutrient profile of corresponding
meat products, whereas vegetable-based products do not. On the other hand, the more
detailed categorisation results in smaller subgroups and limits the comparability to other
studies. It is worth noting that this distinction was not feasible for the breaded and minced
categories in the PCA due to the small sample sizes in the vegetable-based subcategories.

The present comparison of energy and nutrient contents between PBMS and meat
products is based on mandatory nutrition labelling on packaged products. These values are
either based on the chemical analysis of the whole food, calculations based on the known
or actual average values of the ingredients used, or a calculation based on average values
published in nutrient databases. It is fair to assume that the gathered values represent a
mixture of these approaches. Thus, it is possible that our results differ from the results of
others where the nutritional values were determined using only one of these approaches.
However, this applies to all pre-packaged foods, not just to PBMS or meat products. In
this context, it should be noted that the EU regulations concerning mandatory nutrition
labelling include a tolerated discrepancy of up to ±20% between the declared values and
what would be found in a chemical analysis of the food [46].

A further limitation lies in the fact that the declared nutrient content is insufficient to
make a full assessment of the nutritional equivalence (or absence thereof) of PBMS and
their meat counterparts. Considering the rather high intake of salt and saturated fat in
Germany [47,48], our data suggest that some PBMS currently on the market can serve as
an alternative with nutritional benefits in comparison to meat, but the choice seems more
limited for salt than for saturated fat.

4.2. Future Research

This study focused on the evaluation of declared energy and nutrient contents sur-
veyed in 2021 (PBMS) and 2020 (meat) within the German national product monitoring. As
the monitoring continues, data from future surveys will allow for comparing the contents
and changes in energy and nutrients of PBMS and meat products over several points in time.
With these data alone, an overall assessment of the nutritional and health value of PBMS in
comparison to meat products is not possible. On the basis of product labelling information,
a first further step would be to complement the data by an evaluation of a summarising
score, for example, the Nutri-Score. The Nutri-Score is the officially adopted front-of-pack
nutrition labelling system in Germany [49]. However, declaration of the Nutri-Score on
food packaging is voluntary (according to Regulation (EU) No. 1169/2011 [50]) and is only
used by some producers and retailers in Germany. Thus, a comparison of the distribu-
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tion of the Nutri-Score between the different product subcategories as performed in other
studies [17,18,20,35] requires its calculation based on the ingredient lists. A major challenge
here remains that the mandatory food labelling does not provide all the information needed
to calculate the Nutri-Score, therefore requiring certain assumptions with the inherent risk
for error. Another approach could be an in-depth analysis of the ingredient lists, including
food additives, with a view to gauging the degree of processing. A review of the main
ingredients or protein/fat sources used would already allow for an initial assessment of
the protein and fat quality, which are important aspects in the context of comparisons with
meat products.

To better understand the extent to which PBMS on the German market are nutritionally
equivalent to their corresponding meat products, analyses well beyond the nutrition
labelling information are required. Such analyses might focus on protein quality (amino
acid profile), occurrence and bioavailability of micronutrients (as done, e.g., by [35,43–45]),
as well as possible contaminants in PBMS compared to meat. Considering the large
number of possible ingredients in PBMS, future analyses may also include digestibility and
allergenic potential. These chemical and biological analyses would help to gain a more
comprehensive understanding of the nutritional differences of PBMS and corresponding
meat products. However, these analyses are cost- and time-intensive and therefore would
not be feasible to perform for the entire set of products considered in this study.

Beyond nutritional evaluations, future analyses regarding environmental impacts
should consider the effects on biodiversity and land use, which have been given little
consideration so far, when comparing PBMS to their meat counterparts. Though processed
foods in general have been associated with a potentially high impact [10,51–53], at times,
PBMS are being marketed as more environmentally friendly than corresponding meat
products [8]. A differentiated consideration of products is important, especially with
regard to the degree of processing/processing method of the ingredients as well as their
origin and cultivation/production conditions, as, e.g., the environmental impact varies
depending on these qualities, as already shown for PBMS and meat burgers [54]. The
detailed differentiation into vegetable- and protein-based products used as well as the
overall subdivision in product types (e.g., breaded vegetable-based PBMS vs. breaded
poultry products) could be a first approach to describe, e.g., the environmental impacts of
PBMS compared to meat with the warranted degree of resolution.

5. Conclusions

Using mandatory nutrition labelling data, this study is the first to compare the energy
and nutrient contents for such a comprehensive data set of PBMS and corresponding meat
products and sausages on the German market.

At the level of the declared nutrients, among the four categories, breaded products of
PBMS and meat were most similar in overall composition, and salamis were most different.

At the single nutrient level, similarities between PBMS and meat were found for
protein in protein-based minced PBMS, and higher protein contents were found in sausage
and salami substitutes. Major differences were related to saturated fat content (lower
especially in PBMS versions of minced, sausage, and salami products) and salt content
(especially lower in salami substitutes). From a consumer perspective, lowering one’s
salt intake could be an important reason for switching from meat to PBMS. However, our
results show that such a switch requires checking the label to ensure the substitute does
have a lower salt content. On the whole, PBMS cannot be classified as generally superior or
inferior to meat products solely considering the declared nutrient content.

The wide ranges in nutrient content in the surveyed subcategories indicate the poten-
tial for reformulation, particularly for salt and saturated fat. At the same time, the observed
product variety already offers consumers the opportunity to choose nutritionally more
favourable products within and between PBMS subcategories.

These data represent the first step towards a health evaluation of PBMS on the German
market. For a more comprehensive assessment of PBMS in comparison to meat products,
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further analyses of the overall composition and bioavailability of macro- and micronutrients
and an evaluation of the role of these products in the overall diet, including frequency of
consumption and variety of the diet in general, are required.
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