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Abstract
In this study, a hedonic pricing model with a stochastic
frontier is applied to a sample of 183,717 observations
of product sales of sausages in Germany to determine
the valuation of attributes in the market. The average
price of sausages is 1.14€/100 g, with meat substitutes
valued at 1.53€/100 g and meat sausages at 1.01€/100 g.
Our results show that credence attributes can induce a
price premium, but that the effect strongly depends
on the type of attribute. This may be important for
deriving marketing strategies, as uniform measures
may not be effective for both markets.
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1 | INTRODUCTION

Meat is a traditional part of the German diet, with an annual per capita consumption of 55 kg (2021) (LfL
& LEL, 2022). While meat is a source of high‐quality protein, it also contains high levels of saturated fat
and salt, and thus, nutrients whose intake should be limited (Petersen et al., 2021). In addition, excessive
consumption of red and processed meat has been linked to adverse health conditions (Bouvard
et al., 2015; Godfray et al., 2018). Moreover, a meat‐rich diet has been criticized for its negative
environmental impact (Willits‐Smith et al., 2020) and concerns about animal welfare (Birkle et al., 2022).

Therefore, a new market emerged: the meat substitute (MS) market. Although MS can be
characterized by a beneficial nutritional profile (Petersen et al., 2021) and a better environmental
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footprint (Clark et al., 2022), they are considered artificial and unhealthy given their ultraprocessed
nature (Wickramasinghe et al., 2021). Moreover, consumers have high expectations of MS, as they
are expected to resemble meat in terms of taste and texture (Michel et al., 2021). Therefore, the
consumption of these products, although increasing, is still limited. In Germany, MS accounted for
only 0.9% of total meat market sales in 2020 (Zandt, 2022). Recent results from the United States
also show that the market share of MS is low and unit prices are high compared to those of meat‐
based counterparts (Zhao et al., 2022). Since the price is one of the key factors influencing consumer
purchasing decisions (Carlsson, Kataria, & Lampi, 2022; Lusk & Briggeman, 2009; Onwezen
et al., 2021), higher prices have been identified as an important barrier to consumer acceptance of
MS (Apostolidis & McLeay, 2019; Blanco‐Gutiérrez et al., 2020; Clark & Bogdan, 2019; Elzerman
et al., 2013; Kerslake et al., 2022). However, the factors that influence the prices of meat and MS are
not sufficiently understood. Therefore, this study aims to investigate the product‐ and process‐based
attributes that influence the prices of meat and MS.

Previous studies on consumer choices for meat and MS products mostly analyze willingness‐to‐
pay (WTP) using stated preference methods. de Araújo et al. (2022) highlight the relevance of
credence attributes such as organic, regional origin, traditional production methods, or health
benefits in consumers' meat choices. Studies that also include MS focus on product characteristics,
e.g. main ingredients (e.g., Apostolidis & McLeay, 2016, 2019; Carlsson, Kataria, &Lampi, 2022) or
WTP for credence attributes, such as the region of origin or carbon footprint (Apostolidis &
McLeay, 2016, 2019). A recent study on the United States meat market combines a sensory
experiment with a choice experiment, finding taste to be an essential predictor of preference
(Caputo et al., 2023). Findings from stated‐preference methods, however, depend on the setting and
may have the limitation of suffering from hypothetical bias and potential overestimation of WTP for
attributes (Murphy et al., 2005).

In addition to stated preference approaches, revealed preference techniques have been widely
applied to study price premiums for product and process attributes in different food markets. Bimbo
et al. (2016) apply a hedonic pricing model to the Italian yogurt market to evaluate the extent to
which health claims contribute to product prices, finding that price premiums differ depending on
the type of claim. While the hedonic pricing model has been applied to food products such as eggs
(Karipidis et al., 2015), honey (Ballco et al., 2022) or alternative dairy beverages (Yang &
Dharmasena, 2020), few studies exist for the meat market and, none, that considers the meat and
MS market. Ribeiro et al. (2019) apply a hedonic pricing model to chicken purchase scanner data
and find that UK consumers are willing to pay a 135% or £6.36/kg premium for organic. Staudigel
and Trubnikov (2022) apply a hedonic pricing model to the German meat market. They find that
consumers' valuation for product attributes differs by distribution channel, meat type, product type
and that there are significant variations in price premiums for organic products, for example,
depending on the meat type.

In situations where product quality is unclear, for example, if the producer has more
information about the product's characteristics than the consumer, asymmetric information
exists (Unnevehr et al., 2010). This can lead to market prices below the hedonic price from
the producer's perspective and higher than the hedonic price from the consumer's perspective
(Kumbhakar & Parmeter, 2010). The empirical approach to considering market asymmetry
was introduced by Polachek and Yoon (1987) and applied to the labor market. Bonanno et al.
(2019) recently applied the hedonic pricing approach with the stochastic frontier to the
Italian yogurt market. In emerging markets like the MS market, information asymmetries
between consumers and producers are of particular relevance, for example, in assessing the
healthiness of the products (Siegrist & Hartmann, 2023). Hence, by applying a hedonic pricing
model that considers information asymmetry, we add to the literature by providing novel
evidence on the valuation of main ingredients, credence attributes, and nutritional facts for
the meat and MS market under consideration of information asymmetry between consumers
and producers.
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The main objectives of this study are to (1) gain a better understanding of the price
heterogeneity in the meat and MS market, (2) test the relevance of communicating information
about credence attributes as a competitive strategy to secure a price premium, and (3) investigate
similarities and differences between the meat and MS markets. Thus, we make two contributions to
the literature: (i) we apply a hedonic‐pricing model to the branded meat and MS market to
investigate the factors that influence the market valuations of the products, (ii) we use a novel
approach in hedonic price modeling, the stochastic frontier method that allows considering
information asymmetry. Our findings are of relevance to market researchers and food
manufacturers. For the former, as our results reveal differences in prices that are associated with
product attributes, for the latter as they indicate how food manufacturers can achieve prices closer
to the hedonic price by labeling credence attributes. Sausages were selected as the study object
because they are consumed in large quantities in Germany (Deutscher Fleischer‐Verband e.V, 2022).
In addition, sausages are ideal for comparing the markets for meat and MS because of the similarity
in appearance and use of the products.

The rest of the paper is structured as follows. First, we introduce the theoretical and empirical
framework. Next, we provide information on the data used and the estimation process, followed by
the presentation and discussion of the results. In the last section, conclusions are drawn.

2 | THEORETICAL AND EMPIRICAL FRAMEWORK

Products can be described as combinations of an attribute vector z. When making purchasing
choices, consumers search for products with a combination of attributes that, according to their
preferences, maximize their total utility (Lancaster, 1966). Two main ways exist to determine the
resulting valuations reflected in the implicit prices for the product attributes (McCluskey &
Winfree, 2022). First, stated‐preference approaches like choice experiments or contingent valuation
methods; and second, revealed preference approaches, like experimental auctions or hedonic pricing
models (McCluskey & Winfree, 2022). Using revealed preference methods allows to go beyond the
potential hypothetical bias of stated‐preference methods. The hedonic pricing model also allows for
comparing more product attributes as surveys are limited by the cognitive overload of participants
(Chernev et al., 2015). Therefore, hedonic pricing models are highly suitable for investigating price
premiums in highly differentiated and heterogeneous markets, like the sausage market (Costanigro
& McCluskey, 2011).

The hedonic pricing model, as developed by Rosen (1974), can be specified as follows:

P h z v= ( ) + .h (1)

The hedonic price Ph can be described as a function of the vector of product characteristics (z)—
representing all relevant attributes of the buyer's value function and seller's offer function—and a
random error v. Hence, the model in Equation (1) allows for determining the market valuations
(implicit prices) for particular product characteristics z.

However, in the food market, there can be asymmetric information about the quality of
products, especially regarding credence attributes (Unnevehr et al., 2010). Thus, the producer/
seller has more information about the products than the consumer (Golan et al., 2001).
An example of asymmetric information is the healthiness of MS, which consumers classify as
unhealthy based on the heuristic that they are ultraprocessed foods (Siegrist & Hartmann, 2023)
despite their more favorable nutritional composition relative to processed meat products
(Petersen et al., 2021).

Asymmetric information can, according to Polachek and Yoon (1987) and Kumbhakar and
Parmeter (2010) lead to a deviation from the price in Equation (1) resulting in a market price
for the seller of:
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P P u= − ,m
s

b (2)

and, for the buyer of:

P P w= + ,m
b

s (3)

where Pb is consumers' maximum WTP for a product and Ps is the sellers' lowest willingness to
accept, u represents the costs to the seller of not being able to reach consumers with the highest
WTP for a product with a particular set of attributes (Bonanno et al., 2019), while w is the cost to the
buyer for being uninformed. It is assumed that both u wand are greater than or equal to 0.
Therefore, the market price Pm can be rewritten as follows:

P w P P u+ = = − ,s m b (4)

leading to:

P u P u w P w+ = + − = − .s m b (5)

Combining this with the hedonic pricing function (1) leads to:

P u w h z v P h z v u w+ − = ( ) +     = ( ) + − + .m m⇒ (6)

Therefore, the price of a good, P ,m can be described as a function of the vector of product
characteristics and their influence on the price, a random error v, and the costs for being
uninformed u wand for sellers and buyers, respectively. With perfect information w = 0 and
u = 0 or with w u− = 0, the price should equal the hedonic price (Kumbhakar & Parmeter, 2010).
The components v u w, , and can be combined into a single error term ε:

P h z v u w h z ε= ( ) + − + = ( ) + .m (7)

Originally, Kumbhakar and Parmeter (2010) apply their approach to the housing market to
investigate which characteristics affect house prices (e.g., size) and which buyer/seller characteristics
influence the deviation from the optimal price. Bonanno et al. (2019) apply the model to the Italian
yogurt market to test whether producers can reduce information asymmetry based on credence
attribute labels and achieve higher prices. They assume that w = 0, meaning that only the loss a seller
may incur for not being able to target those consumers with the highest WTP is considered. In our
study, we follow their approach.

3 | DATA AND ECONOMETRICAL IMPLEMENTATION

3.1 | Data sources

To estimate the price premiums associated with product characteristics in the German sausage
market, we use a hedonic pricing model that accounts for the effects of information asymmetry. We
compiled a comprehensive data set on product prices and respective attributes. Sales data are from
the IRI database (IRI, 2023) that includes information on products sold, anonymous store id, prices/
100 g, and discounts. The data are available on a weekly basis, but were aggregated to a monthly
level, using the European Article Number (EAN), the barcode that uniquely identifies each product.
The EAN‐level price data were combined with the respective product‐related attributes obtained
from Mintel's Global New Product Database (Mintel, 2023), producers' websites, and other sources
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such as “openfoodfacts.com.” The product data were coded by two coauthors and six student
assistants and then cross‐checked. The coding included a set of 89 different product attributes
ranging from the main ingredients and nutritional facts to packaging and credence attribute
labeling. To code the products, it was necessary to have images of all sides of the packaging. If
those images could not be obtained, the products were not considered in the analysis. Retail brands
are not included in the sample for confidentiality reasons.

The final data set covers 24 months, from the first month of 2020 to the last month of 2021, and
includes 183,717 product‐price observations, which account for a sales value of 103.3 million Euro.
Note that the sales volume of retail brands that were not included is 115 million Euro (49.8%), while
the sales volume of products excluded due to missing information is 13 million Euro (5.5%). Hence,
the final sales volume of the products included represents 44.7% of the total sales volume in the
initial data set and 89% of the branded products available.

3.2 | Empirical implementation and variables

Our empirical model is based on the hedonic pricing model revealed in Equation (7) and allows us to
estimate the influence of product characteristics on the price while considering the effect of information
asymmetry. The model includes the following five vectors: Z Z Z Z Z, , , , andMI NF CA PA MC. Following
previous literature on price differences in the meat market (Staudigel & Trubnikov, 2022), we include a
vector ZMI that contains s= 1,…,S main ingredients. For meat, we distinguish between pork‐based, beef‐
based, pork‐beef‐based, poultry‐based, and other meat‐based products, for example, pork and turkey
combinations. For MS, we differentiate between egg‐based, soy‐based, wheat‐based, pea‐based and other/
multi‐ingredient‐based products, for example, soy and egg combinations or mushrooms only.

ZNF is a vector of f = 1,…,F nutritional values containing information about the protein content
in g/100 g and thus enables to estimate the market valuation of protein. Moreover, ZNF takes into
account the negative points from the Ofcom‐score,1 the so‐called A‐score, which includes saturated
fat, salt, sugar, and energy content. The higher the A‐score, the more nutrients to limit in the
product (Poon et al., 2018). Products that receive a lower A‐score are considered healthier.

ZCA is a vector of a = 1,…,A dummy variables covering the presence of credence attribute labels
related to product and process attributes. André et al. (2019) argue that some labels target product
healthiness through the presence or absence of specific attributes associated with either a scientific
or a natural aspect. We follow their categorization of labels and include the following four dummy
variables: (i) Natural & Presence for products labeled, for example, as fresh, (ii) Natural & Absence
for products labeled as, for example, without flavor enhancers. (iii) Science & Presence for products
labeled, for example, as being high in protein, and (iv) Science & Absence for products labeled as, for
example, being low in fat. Organic is included in the Natural & Presence category in the study of
André et al. (2019). However, we consider organic as a separate variable because of its high
relevance in the market. ZCA also includes information on whether a product is gluten‐ or lactose‐
free. Since the criticism of meat also includes its sustainability, we include as a dummy variable
whether a product carries a label on the general topic of sustainability, recycling or renewable
energy. In addition, we capture animal welfare with a dummy variable equal to one if the product
has a corresponding label. This includes products that carry a label from an animal welfare initiative
or have a reference to the husbandry conditions. For meat sausages, we include four additional
dummy variables in ZCA, which were found to be relevant only for the meat market: Two regional
dummy variables, one of which captures whether there is a specific reference to the origin of the
product, such as a claim that the sausage is a special product from the city of Frankfurt. The other

1The Ofcom‐score is a well‐known nutritional profile. As such it categorizes foods according to their nutritional composition (Scarborough
et al., 2007, p. 330)
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regional variable captures certified products with the EU label protected geographical indication
(PGI), for example a “Thüringer” sausage. Furthermore, we include two dummies for labeling
related to the product's quality (e.g., the label for superior product quality from the German
agricultural society [DLG]) and for referring to tradition (e.g., since 1908).

ZPA is a vector of dummies controlling for k = 1,…,K other product attributes. It contains the
type of sausage, that is, whether it is primarily for roasting or primarily for cooking and/or direct
consumption. It also includes a dummy capturing whether the product belongs to a national brand.
We define a national brand if its products are sold in at least 80 of the 95 German two‐digit postal
code areas. In addition, the vector contains dummy variables for the packaging material: plastic, can,
glass, and the combination of plastic and paper. Furthermore, we include the weight of the product
in 100 g to capture the effect of packaging size.

Finally, ZMC is a vector with information about r = 1,…,R retail and sales characteristics. It
contains three dummies for the type of store where the price was observed, that is, discounter,
supermarket and hypermarket. It also includes whether a product was sold under a discount in
the given period. The corresponding dummy is equal to one if within the respective month, the
price is at least once 20% lower than in the previous week. Finally, we include market and time‐
fixed effects Bm and Gt, respectively. Supporting Information: Table SA.1 shows the full list of
variable definitions.

The final model is defined as follows:

∑ ∑ ∑ ∑ ∑ ∑
∑

P β Z β Z β Z β Z β Z β G β

B β ε

= + + + + + +

+ + .

imt smt s fmt f amt a kmt k rmt r t t

m m imt

0
S MI F NF A CA K PA R MC T

M
(8)

whereby Pimt reflects the observed market price of product i in market m at time t.

ε v u w= − + .imt imt imt imt (9)

3.3 | Estimation

For the estimation of the hedonic pricing model defined by Equation (8), we assume that w = 0,
similar to Bonanno et al. (2019). Hence, we focus only on the cost that a seller may incur for
not being able to target those consumers with the highest WTP and attempt to explain these
costs by seller characteristics. The stochastic frontier model is estimated using maximum
likelihood estimation with the following distributional assumptions for the error term
(Kumbhakar & Parmeter, 2010):

( )v i i d N σ~ . . . 0, ,i v
2 (10)

( )u i i d N σ~ . . . 0, .i u
+ 2 (11)

To account for the heterogeneity in the costs of incomplete information, ui can be described by a
vector of exogenous variables. Consequently, σu is a function of the seller's characteristics ZU

(Kumbhakar & Parmeter, 2010).

σ e= .u ψ Z Uu (12)

We assume that credence attribute labels can reduce the information deficit and the
corresponding loss that a seller may incur for not being able to target those consumers with the
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highest WTP. We, therefore, attempt to explain the variance in ui by the number of different
credence attributes on a given product:

σ ψ ψ= exp( + × Number of Credence Labels).u
2

0 NCA
(13)

The corresponding likelihood function is (Bonanno et al., 2019):



 


 


 


∏ ∏ ∏L

σ
ϕ

ε
σ

δ
ε
σ

= 2 Φ ,i m t
jmt jmt (14)

where, σ σ σ= +u v
2 2; δ = σ

σ
u

v
and ϕ and Φ are the standard normal pdf and CDF, respectively. We

estimate Equation (14) separately for meat and MS sausages.

4 | RESULTS

4.1 | Descriptive statistics

Figure 1 presents the kernel density estimates of the prices of meat sausages, MS sausages, and the
combined sausage market. The average price of sausages in the German meat market is 1.14€/100 g.
From the distributions, it can be observed that prices of MS sausages are, on average, significantly
higher (1.53€/100 g, p < 0.001) than those of meat sausages (1.01€/100 g). However, there is overlap,
showing that the low‐priced MS sausages are in the range of high‐priced meat sausages.

Descriptive statistics are shown in Table 1. Regarding ingredients, the substitute sausages are
mainly soy‐based (38%) or based on other/multiple ingredients (32%). Pork is a dominant
ingredient in the German meat sausage market (67.3%), followed by poultry (21%).

Credence attribute labels that are related to the product's healthiness (e.g., Nature & Presence,
Science & Absence) are more frequently observed on MS sausages than on meat sausages. However,
the opposite holds for health‐related claims related to Nature & Absence (e.g., “without flavor
enhancers”) and products being lactose‐free. 18.7% of MS sausages are labeled organic, while only
5% of meat sausages are. It can also be observed that more than three‐quarters of MS products are

F IGURE 1 Kernal density estimates of the price in €/100g. The kernel function used to estimate the kernel density is the
Epanechnikov kernel.
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TABLE 1 Descriptive statistics of the sample from the German sausage market (2020–2021).

Variable

Mean (standard deviation)

Individual markets
Total market Meat Meat substitutes

Observations 183,717 136,545 47,172

Price 1.144 (0.369) 1.012 (0.228) 1.526a (0.306)

Main ingredients (ZMI)

Pork‐based 0.5 0.673

Beef‐based 0.019 0.025

Beef and pork‐based 0.051 0.069

Poultry‐based 0.159 0.214

Other meats 0.014 0.019

Egg‐based 0.031 0.121

Soy‐based 0.097 0.379

Wheat‐based 0.015 0.057

Pea‐based 0.032 0.126

Other/multi‐ingredient‐
based

0.081 0.317

Credence attributes (ZCA)

Nature & Absence 0.188 0.207 0.133

Nature & Presence 0.158 0.115 0.283

Organic 0.085 0.05 0.187

Science & Absence 0.03 0.026 0.045

Lactose‐free 0.185 0.216 0.098

Gluten‐free 0.265 0.262 0.273

Science & Presence 0.227 0.036 0.778

Ethical animal 0.057 0.038 0.111

Sustainability 0.26 0.111 0.688

Origin 0.197 0.26

PGI label 0.051 0.068

Traditional claim 0.204 0.262

Quality claim 0.188 0.241

Nutrition and diet (ZNF)

A‐score 17.256 (4.824) 19.773a (3.167) 11.021 (−2.159)

Protein content 14.858 (3.552) 14.309 (2.209) 16.447a (−5.623)

Product attributes (ZPA)

Weight in 100 g 2.859 (1.551) 3.197a (1.665) 1.894 (−0.289)

(Continues)
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labeled with Science & Presence (e.g., “High in protein”). MS have a significantly lower A‐score on
average (p < 0.001) and thus contain less energy and unfavorable nutrients (salt [sodium],
saturated fat and sugar). In addition, the protein content of MS is significantly higher (p < 0.001)
at 16.4 g/100 g compared to 14.3 g/100 g for meat sausages.

4.2 | Results of the hedonic pricing model

In Figure 2, we present the results of the hedonic pricing model for the German meat sausage
market. The underlying regression results are presented in Supporting Information: Table SA.2.
Note that we estimate separate models for the meat sausage market and the MS sausage market.
Figure 2 shows the marginal effects of product and retail characteristics along with their confidence
intervals in red for the meat market and blue for the MS market. We find a lower market valuation
for sausages based on beef, beef and pork, poultry, or other ingredients compared to pork. Thus,
pork‐based meat sausages command significantly higher prices by 0.03–0.14€/100 g. For MS, soy‐
based products are the reference category. While there is no difference in market valuation for the
categories egg‐based (p = 0.811) and wheat‐based (p = 0.214), the market valuation for MS sausages
based on peas (0.29€/100 g) and other/multi‐ingredients (0.05€/100 g) is significantly higher than for
soy‐based products.

Regarding the nutritional facts, we observe that the marginal effect of the A‐points on the price
is positive for meat sausages (0.009€/100 g) and negative for MS sausages (−0.032€/100 g). While a
higher protein content per 100 g is associated with a higher price in the meat market (0.024€/100 g),
it is associated with a lower price in the MS market (−0.009€/100 g).

Market valuation for credence attribute labeling shows more differences than similarities
between meat and MS. While the effect of Nature & Absence (e.g., “Without flavor enhancers”) is
negative in the meat market (−0.073€/100 g), it is positive in the MS market (0.289€/100 g). The
association of Nature & Presence (e.g., “Natural Product”) with the price is positive for both

TABLE 1 (Continued)

Variable

Mean (standard deviation)

Individual markets
Total market Meat Meat substitutes

Roasting sausage 0.533 0.426 0.844

National brand 0.61 0.582 0.692

Plastic packaging 0.638 0.737 0.353

Plastic and paper packaging 0.181 0.021 0.647

Glass packaging 0.115 0.154

Can 0.066 0.089

Retail characteristics (ZRC)

Discounter 0.182 0.235 0.03

Supermarket 0.087 0.09 0.079

Hypermarket 0.731 0.675 0.892

Discounted observations 0.551 0.565 0.513

aSignificant difference between the meat and meat substitute group at the 0.001 level. Variable descriptions are in Supporting Information:
Table SA.1.
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F IGURE 2 Estimation results from the hedonic pricing models for the German sausage market. The dependent variable
is the price in €/100 g. MS indicates meat substitutes. Pork, canned or in plastic and sold in hypermarkets is the reference
category for the meat market. Soy‐based products in plastic packaging, sold in hypermarkets are the reference category for
the meat substitute market. The respective table with the underlying regression results is presented in Supporting
Information: Table SA.2. Month and region dummies are omitted for brevity. Observations: Meat = 136,545 and meat
substitutes = 47,172.
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markets, but not significant for the meat market at a 1% significance level (0.005€/100 g; p = 0.02).
The effect of organic labeling on the price is positive for both markets, though the estimated value is
significantly lower (cf. Supporting Information: Table SA.2) for MS sausages (0.044€/100 g) than for
the meat market sausages (0.163€/100 g). Focusing on the Science & Absence (e.g. “Reduced in fat”)
dimension, a contrasting picture emerges. Products with those claims receive a higher price in the
meat market but a lower price in the MS market. Science & Presence (e.g. “High in protein”) labels
are associated with higher prices in both markets. Surprisingly, claims about the ethical aspects of
livestock farming are not related to prices in the meat market (p = 0.806) and are negatively related
to prices in the MS market (−0.124€/100 g). Finally, the estimated parameter of Sustainability is
positively associated with prices in the MS market (0.040€/100 g) and negatively associated with the
price in the meat market (−0.050€/100 g).

The estimated parameters for product and process characteristics exclusively present in the
meat market model yield heterogeneous results. Products with the indication of a specific
origin receive a positive market valuation (0.021€/100 g), while products with a PGI indication,
Traditional or Quality label receive a lower price (−0.156€/100 g, −0.024€/100 g, −0.058€/100 g
respectively).

Turning to the other product attributes reveals that roasting sausages have a slightly lower price
(−0.016€/100 g) in the MS market and a higher price (0.108€/100 g) in the meat market. Thereby,
sausages for cooking, sausages that can be consumed cold or combinations with roasting, are the
reference category. The coefficient of the national brand dummy is not significantly different from
zero in the meat market (p = 0.179) and negative in the MS market (−0.136€/100 g). Paper and
plastic packaging is associated with a higher price in both markets, while glass is associated with a
higher price in the meat market. Note that the reference category for MS is plastic, while the one for
meat sausages is can and plastic. A higher weight of products in 100 g is associated with lower prices
per 100 g in both markets. The prices per 100 g are by −0.281€ and −0.301€ lower in discounters for
meat sausages and MS sausages and by 0.022€ and 0.013€ higher in supermarkets than in the
reference category hypermarket, respectively. Finally, products that were sold under discount in a
given time period have lower prices, as expected.

Figure 3 shows the results for the market inefficiencies. We test whether the number of credence
attributes with which sellers tag a product can systematically reduce consumers' deviation from their
highest WTP. First, we can observe from the estimated σlog ( )u

2 , which is −2.939 for the meat market

F IGURE 3 Estimation results for the error terms and the constants. The log(σu) = σlog ( )u
2 represents the variance of the

half‐normally distributed costs for producers for being unable to reach the consumers with the highest WTP. Number of
credence labels represents a count variable for the number of different credence labels on a product. The log(σv) = σlog ( )v

2

represents the variance of the normally distributed error and the constants are related to the overall model. The results are
presented in Supporting Information: Table SA.2. WTP, willingness‐to‐pay.
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and −2.690 for the MS market that there is a systematic deviation from the highest WTP of
consumers in the German sausage market. Thus, producers are unable to reach consumers with
the highest WTP, indicating the importance of taking information asymmetry into account
when estimating the hedonic price function. The calculation of σ

σ
u

v
shows that the variance of the

half‐normal error is two times larger than that of the normally distributed error in the MS market
and 1.2 times larger than that of the normally distributed error in the meat market (Bonanno
et al., 2019). However, this deviation can be reduced in both markets by the number of different
credence labels on the products. Thus, the use of credence attribute labels can reduce information
asymmetries and help sellers reach consumers with the highest WTP. When running the stochastic
frontiers without the specifications of σu the σ

σ
u

v
is 1.8 for the MS market, however, the σlog ( )u

2 turns

out not to be significantly different from 0 in the meat market (p = 0.748).

5 | DISCUSSION

5.1 | Prices of meat and meat substitutes and the role of main ingredients

Meat prices, when considered in the context of environmental issues and health costs, are too low
because they do not internalize social costs (Funke et al., 2022; Siegrist & Hartmann, 2023).
Therefore, several studies model the impact of meat taxes as a tool to reduce meat consumption and
(partly) internalize the negative external effects (Roosen et al., 2022; Springmann et al., 2018).
Moreover, lower prices for MS could reduce meat consumption (Apostolidis & McLeay, 2016),
mitigating the associated external costs. Our data, however, show that the price for MS sausages is
50% higher per 100 g than for meat sausages. These higher prices could act like a “vegan‐tax”
(Kerslake et al., 2022), confirming consumer preconceptions that MS are costly (Peschel et al., 2019),
which acts as a barrier to adoption (Carlsson, Kataria, & Lampi, 2022). Zhao et al. (2022) challenge
the notion of a substitution relationship between meat and meat alternatives, observing a
complementary relationship instead. Therefore, the own price elasticities of MS are particularly
relevant and prices would need to be lowered (e.g., through subsidies) to increase consumption.

Similar to previous literature on the German meat market, our results show that prices differ with
the main ingredients. Staudigel and Trubnikov (2022), find that the price premium is higher for beef
and the mix of beef and pork than for pork. We find that the price of pork is the highest in the meat
market, the difference has to be attributed to the different product categories. While Staudigel and
Trubnikov (2022) focus on fresh meat, this study investigates sausages, for which traditionally pork is
the main ingredient. van Loo et al. (2020) find a higher WTP for pea‐based MS than for cultured meat
and yeast‐based MS in a choice‐experiment. Our study based on scanner data also shows a high market
valuation for pea‐based MS. More specifically, those products receive higher prices than soybean‐based
MS. One reason could be that consumers associate soy for MS with soy for animal feed produced in
deforested areas of the Amazon rainforest (Marin et al., 2022), while some pea‐based products are
evaluated as more environmentally friendly (Hartmann et al., 2022). Peas could also induce a price
premium because being perceived as regionally grown. Finally, the difference between soy‐ and pea‐
based MS might be explained by the association of consumers of soy with tofu‐based MS, that is, first‐
generation MS. Kim et al. (2023) found first‐generation tofu‐based seafood alternatives are less popular
than second‐generation alternatives, which more closely resemble seafood.

5.2 | Nutrients and prices

Our results on the sausage market that MS have a lower A‐score and, hence, contain fewer nutrients
to limit per 100 g are consistent with the findings of Petersen et al. (2021). Also, the findings of the
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hedonic pricing model for the meat market are in line with the ones of Petersen et al. (2021),
revealing that products with a higher A‐score obtain higher prices. However, the results of this study
differ for the MS market. While Petersen et al. (2021) find a positive relationship between the price
per 100 g and the A‐score for the MS market, our results reveal a negative relationship, suggesting
that sausage substitutes with fewer “nutrients to limit” have a higher valuation. Similar to Yang and
Dharmasena's (2020) study on consumer preferences for the nutritional values of dairy and
alternative dairy products, who find a positive effect of milk's protein content on the price, we find a
positive market valuation of protein for meat sausages. However, they report the same relationship
for alternative milk, while our results indicate a negative relationship between protein content and
the price of MS sausages.

5.3 | Credence attributes and prices

Information on credence attributes of products has a distinct role in product pricing in the meat
market. Martin et al. (2021) showed that information complementary to the information on
packages increases consumers' WTP for MS. We observe that the share of products labeled with
credence attributes is larger for MS sausages than meat sausages. Thereby, there is an emphasis on
the aspect Science & Presence, which indicates that producers try to inform consumers that the
products are nutritionally adequate. This might be because consumers (Weinrich, 2018) and
nutritional experts perceive deficits regarding the nutritional quality of MS, especially regarding
protein quality (Estell et al., 2021). This holds despite research pointing to a preferable composition
of MS compared to (processed) meats (Alessandrini et al., 2021; Petersen et al., 2021).

Science Absence claims (“low in fat” and “low in sugar”) are less common but still present in
both markets, showing a negative relationship with MS prices but a positive relationship with
meat sausage prices. Consumers may assume that MS carrying that claim may lack something. As
there are general concerns about dryness and product texture, this could reduce the economic
value of MS (Kerslake et al., 2022). In contrast, interest in fat avoidance is reported among meat
consumers and might be especially relevant in the case of sausages (Apostolidis & McLeay, 2016;
de Araújo et al., 2022).

Yang and Renwick's (2019) meta‐analysis of consumers' WTP for credence attributes in
livestock products shows a WTP a premium for animal‐friendly production and organic claims. Our
study also reveals that organic products receive a price premium, which is similar to Staudigel and
Trubnikov's (2022) findings for the German fresh meat market. Interestingly, the market valuation
for organic labeling differs between meat and MS sausages, with the latter receiving a smaller price
premium. Organic is a multidimensional construct encompassing many sustainability dimensions,
such as healthiness and animal welfare (Katt & Meixner, 2020). Consumers might consider that
those domains are already covered by MS, leading to a lower market valuation of organic labeling
for MS sausages.

Concerning the animal welfare findings, on the one side, a recent choice experiment from the
Swedish meat market showed that there is a high WTP a price premium for animal welfare
(Carlsson, Kataria, Lampi, Nyberg, et al., 2022). On the other side, Kerslake et al. (2022) showed that
consumers consider animal (welfare) indications on MS as redundant and even “funny,” which
provides an explanation for the negative price effect of this claim in our study. Since this claim is
found on 11.1% of products in the MS segment, manufacturers should reconsider whether they can
credibly communicate this claim.

In the MS market, some established brands are (were) mainly meat producers (e.g., Rügenwalder
Mühle). However, Kerslake et al. (2022) identified that MS consumers tend to distrust products
from established meat producers, which corresponds to our findings, where national brands of MS
receive lower prices. An implication could be that established meat producers, although more
capable of investing in research and development and entering the new market, may encounter an
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“image penalty.” Finally, in contrast to the results of Yang and Renwick (2019), we find a lower
market valuation per 100 g for the EU PGI label. The selected product category might explain this,
as sausages are not considered premium products, so this claim is less relevant.

The type of retail outlet where the products are sold can play an important role in price building
and for consumers' perceived price barrier. Consumers shopping in discounters are highly price‐
sensitive (Gottschalk & Leistner, 2013). Our findings show that the price for MS is on average 0.3€
lower in discounters compared to hypermarkets, thereby reducing the potential price barrier for
purchasing MS in the former compared to the latter retail outlet. However, since meat sausages are
also cheaper in the discounters, the relative price difference remains, potentially neutralizing the
above mentioned effect.

Finally, the stochastic frontier results shed light on the cost to sellers of not being able to reach
consumers with the highest WTP, suggesting a systematic deviation from the producer's optimal
price. This deviation appears to be greater in the MS market than in the meat market. Similar to
Bonanno et al. (2019), we find that producers can reduce the deviation from buyers' price frontier
through credence attribute labels. Therefore, product differentiation through the labeling of
credence attributes can be a competitive strategy (De Marchi et al., 2023).

6 | LIMITATIONS AND CONCLUSION

Although our analysis has several strengths, such as the large sample size, it is not without
limitations. First, while retail brands play an important role in the meat market in general and the
sausage market in particular (Braun, 2023), only producer‐branded sausages could be considered.
This limits the transferability of our results to the overall German sausage market, as the analyzed
product attributes could have different effects on the prices of private labeled products. However,
the recent trend of retail brands aiming at the high‐quality market segment may lower those
differences (Gielens et al., 2021). Nevertheless, further research is needed to investigate whether the
relationships differ between branded products and private labels. In addition, our sample considers
only prepackaged sausages, as the provision of information at the fresh counter is unknown, specific
to each store, and generally much lower compared to prepackaged products.

Second, we do not consider the visibility of the information provided. As Grunert and Wills
(2007) note, consumers have limited time to process information when grocery shopping. This leads
to a similar problem as the attribute nonattendance problem of stated preference methods (Scarpa
et al., 2013). Hence, a label on the front of the product might be easily recognized, thereby having a
higher influence on the price than a label on the back. Third, we categorize the labels and assume
that, for example, labels related to the product's healthiness affect the price similarly. Therefore, we
cannot determine the extent to which, for example, “without genetically modified organism 2” or
“without flavor enhancers” labels contribute to the overall effect of the Natural and Absence
category. Fourth, although taste is an important characteristic in the meat and MS market for
consumers' WTP (Caputo et al., 2023), our method and data do not allow us to consider this
attribute. Nevertheless, it would be interesting to see whether the results of Caputo et al. (2023)
could be replicated in the context of highly processed products like sausages. Finally, although we
control for general price differences across regions by market fixed‐effects, there could be differences
in consumers' valuations for specific attributes by region. Future studies could, therefore, estimate
geographically differentiated hedonic price models and analyze the potential differences across
regions.

Our research aimed to understand the factors influencing the prices of meats and MS. Based
on a sample of 183,717 observations from the German sausage market, we found that MS are
significantly more expensive than meat sausages, which can be a barrier for consumers to adopt
them. Here, differences within the market of meat sausages and MS sausages can be explained
by the main ingredients, with pork in the case of meat and peas in the case of MS achieving the
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highest market valuation. In addition, credence attributes are important factors explaining the
price differences. However, the direction of the effects strongly depends on the credence
attribute. Thereby, for some credence attributes, there are significant differences in valuation
between meat and MS sausages. In addition, the greater use of credence attribute claims on MS
packaging suggests that manufacturers are attempting to reduce information asymmetry with
consumers. Finally, our results suggest that there is no one‐size‐fits‐all approach to credence
attributes and that different marketing strategies are required for meat sausage and MS
sausages.
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