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Abstract. Beef is a ‘deforestation risk’ commodity, and its production is environmental-
ly challenging, given its exceptionally high carbon, water and land footprints. Europe 
is the world’s third largest beef producer, following Brazil and the United States. Under 
European Union law, firms operating along the beef value chain are required to dis-
close their sustainability-related activities by the regulation on due diligence. The aim 
of this study was to understand the extent and the factors that shape the adoption of 
environmental sustainability strategies in the European beef value chain. We collected 
original data on a sample of companies from Orbis and carried out a content analysis 
of firm websites and sustainability reports. We created an environmental sustainability 
index based on a list of 23 environmental practices. We also considered the company 
characteristics related to the disclosure of particularly interesting practices, such as 
feed methane control and manure management, and to the adoption of sustainability 
certifications. We performed a negative binomial hurdle regression analysis on a sam-
ple of 263 beef firms. We found that the value chain position of economic actors, firm 
size and risk identification are some of the firm characteristics related to the adoption 
of sustainability practices and certifications.
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HIGHLIGHTS: 

–	 Half of our sample do not adopt any sustainability strategy. The most 
commonly adopted voluntary sustainability standards concern animal 
welfare, energy use, waste and genetically modified organisms.

–	 Producers and processors are the key actors that drive the adoption of 
environmental voluntary sustainability standards. These segments have 
the power to influence the entire beef value chain, which entails that 
there is the potential to scale up their efforts.

–	 Risk awareness and firm size are significant predictors for the adoption 
of environmental voluntary sustainability standards adoption.
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1. INTRODUCTION

Food systems are responsible for 34% of global 
greenhouse gas (GHG) emissions (Crippa et al., 2021), 
yet significant reductions are necessary across the entire 
sector. Livestock production largely contributes to total 
anthropogenic GHG emissions (Angerer et al., 2021; 
Cusack et al., 2021; Gerber et al., 2013; Putman et al., 
2023), and has the highest environmental impact among 
food products (Clune et al., 2017; Gerber et al., 2015; 
Kokemohr et al., 2022), which makes it is a key sector 
in the transition to a more sustainable agrifood system. 
Based on the literature, the beef value chain (VC) specif-
ically faces severe sustainability challenges (Caccialanza 
et al., 2023; Pashaei Kamali et al., 2014). Beef produc-
tion has higher carbon, water and land footprints than 
any other livestock system and grain cultivation (Gerber 
et al., 2015). Enteric fermentation, which is linked to the 
digestive process of ruminant animals, produces meth-
ane and is the main cause of beef-related GHG emis-
sions (FAOSTAT, 2025), accounting for 46.5%-62.4% 
of global warming potential consistently across differ-
ent beef production systems (Kokemohr et al., 2022). In 
addition, land use change for feed makes up for 40% of 
beef-related GHG emissions (zu Ermgassen et al., 2020), 
and together with leather, cocoa and soy, beef is con-
sidered to be a forest-risk commodity, meaning that its 
production is deeply damaging the provision of forest 
ecosystem services (Camargo et al., 2019; Parra-Paitan et 
al., 2023). Specifically, beef production is a major driver 
of deforestation in Brazil, where it has been responsible 
for around 17% and 41% of all deforestation in the Cer-
rado and the Amazon, respectively (zu Ermgassen et al., 
2020), and where it jeopardises the protection of indig-
enous rights (Nepstad et al., 2014). 

In Europe, the beef sector holds a prominent posi-
tion, with a very heterogeneous structure but great rel-
evance in contributing to rural development and shap-
ing gastronomic, social and cultural aspects of European 
countries (Bernués et al., 2011; Hocquette et al., 2018). 
In 2018, the European Union (EU) was the third largest 
producer of beef after the United States and Brazil, with 
over 88 million head of cattle (FAOSTAT, 2020). How-
ever, the past couple of decades have witnessed a reduc-
tion in profitability, with variability dependent on inter-
national trade agreements and the policy context (Hoc-
quette, Chatellier, 2011). 

Researchers have found that companies operating 
along the beef VC are adopting an increasing number of 
voluntary sustainability standards (VSS) to tackle such 
problems (Lambin, Thorlakson, 2018), and they have 
examined the variety of strategies adopted. According 

to Naziri and Bennett (2012), VSS developed by Western 
companies have become a key element in the govern-
ance of meat VCs. In this context, VSS are a requirement 
related to several sustainability metrics and are expected 
to be followed by the company itself as well as the other 
actors operating along its VC (Fernandes Martins et al., 
2022). VSS can be categorised as collective, if adoption is 
open to several firms operating on the market, or indi-
vidual, when its participation is limited to only one firm 
and its VC (Soregaroli et al., 2022). Collective VSS are 
either public or private and are issued by third party cer-
tifiers or by stakeholder associations. An example of col-
lective standards is the Roundtables for Sustainable Beef, 
which comprise multi-stakeholder initiatives (Buckley et 
al., 2019), and include strategies to develop science-based 
indicators to measure the environmental footprint of 
beef production, to engage more stakeholders along the 
VC and to improve transparency (Maia de Souza et al., 
2017). Examples of voluntary public standards include 
the EU organic certification and ISO 14001 from the 
International Organization for Standardization (ISO) 
(Gereffi, Lee, 2009). The EU organic label is regulated 
by the European Commission and is issued to farms that 
do not use agrochemicals in their production. ISO 14001 
is an international standard that sets out a series of 
requirements regarding environmental management. On 
the other hand, individual VSS are developed within the 
companies operating along the beef VC and can either 
include single sustainability practices or more compre-
hensive VC programmes (Thorlakson, 2018). Cargill, for 
example, has demonstrated its commitment towards a 
30% reduction in its GHG emissions in North America 
by 2030 through the BeefUp Sustainability private label. 
Moreover, retailers are able to influence the entire VC by 
setting standards thanks to private labels, as in the case 
of the Italian retailer Coop (Benatti et al., 2013). In addi-
tion to industry-led initiatives, legislation is also being 
implemented to improve the overall sustainability of the 
agrifood chains. EU Directive 2024/1760 on corporate 
sustainability due diligence aims to hold private compa-
nies accountable for environmental impacts that occur 
along their VCs. 

Even with these efforts, producers still perceive the 
barriers to a sustainable transition in the beef sector to 
be very high, and an effective transformation of the sec-
tor has failed to emerge (Hübel, Schaltegger, 2022). How-
ever, Grzelak et al. (2022) showed that synergies exist, 
a finding that challenges the well-established idea that 
environmental and economical sustainability are con-
flicting concepts. In the beef sector, Castonguay et al. 
(2023) analysed the trade-offs between climate mitiga-
tion and poverty, and estimated that a change in pro-
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duction areas and cattle diets would, together with land 
regeneration, reduce GHG emissions by 34%-85% annu-
ally, while keeping production costs constant. A shift in 
cattle diets and better manure management have been 
identified as the practices with the highest potential to 
improve the overall environmental sustainability of the 
sector (Lowe, Gereffi, 2009).

Consumer preferences surrounding beef purchas-
ing habits are gradually aligning with the environmen-
tal sustainability goals set out by international institu-
tions to reduce the negative impacts of climate change. 
According to previous studies, if the beef is clearly 
labelled as environmentally friendly, consumers are 
likely to change their purchasing behaviour in favour 
of those products (Stranieri et al., 2023). Animal wel-
fare and traceability are also important drivers in the 
decision-making process for beef purchase (Burnier et 
al., 2021). Nevertheless, consumer perceptions can be a 
barrier for the development of the newest technologies, 
showing the importance of open and clear communi-
cation between companies and their clients (Bullock, 
van der Ven, 2020; Parmigiani et al., 2011; Spada et al., 
2024). Such a result is validated by similar findings in 
the European context (Verbeke et al., 2010). Therefore, it 
is essential to consider consumer preferences to identify 
policy and managerial implications. 

Researchers have explored the relationship between 
firm characteristics and company sustainability (Hahn, 
Kühnen, 2013; Khaled et al., 2021). In the context of 
beef production, Di Vita et al. (2024) found that differ-
ent farm characteristics across European regions are 
related to different livestock farming management mod-
els, which are in turn related to different levels of sus-
tainability across farms. Among the four management 
models considered, ‘extensive and sustainable livestock 
farming’ is linked to lower water consumption and high-
er biodiversity. Broom (2021) developed a comprehensive 
methodology to assess the sustainability of different beef 
production systems. It is based on nine sustainability 
components related to the environment, animal welfare 
and human welfare dimensions. Kokemohr et al. (2022) 
performed a life cycle sustainability assessment of three 
beef farms in Europe and linked the results to different 
firm characteristics, such as price, geographic location 
and vertical integration. To our knowledge, no study has 
yet linked a wider range of firm characteristics, includ-
ing VC position and risk identification, to a measure 
of sustainability that encompasses a larger number of 
environmental sustainability aspects in the European 
context. Hence, we aimed to fill this gap by creating a 
model that considers a wider range of both environ-
mental VSS (Bager, Lambin, 2020; Broom, 2021) and 

firm characteristics (Marschner et al., 2025; Thorlakson 
et al., 2018), by integrating three different theoretical 
approaches, namely VC theory, stakeholder theory and 
resource dependence theory. In addition, we considered 
the company’s intentional and strategic communication 
of environmental VSS to the public to identify interest-
ing managerial and policy implications. Specifically, we 
attempted to quantitatively assess how much the adop-
tion of sustainability-related practices within the beef 
VC relates to different firm characteristics in Europe. 
The focus on Europe is particularly interesting consid-
ering the potential of EU legislation to address gaps in 
sustainability commitment in the sector. Even though 
beef-related emissions are largely due to diet changes 
and increasing beef and dairy consumption in rapidly 
developing countries (Li et al., 2023), 15% of methane 
emissions from enteric fermentation occur in Europe 
(FAOSTAT, 2025). We constructed an original dataset by 
matching secondary data on financial characteristics of 
firms with information on their sustainability strategies 
collected through a content analysis and then performed 
hurdle regression analysis. 

This paper is organised as follows. The theoretical 
propositions are presented in section 2. The methodol-
ogy with data description and the empirical strategy is 
included in section 3. Section 4 discusses results. Finally, 
section 5 presents concluding remarks.

2. THEORETICAL FRAMEWORK AND 
RESEARCH HYPOTHESES

The factors associated with the adoption of sustain-
ability strategies in agrifood VCs have been studied based 
on different theoretical approaches. According to global 
value chain (GVC) theory, which was first developed by 
Gereffi (1994), decisions by firms are influenced by other 
participants in the VC, and lead firms are likely to stimu-
late a sustainable change among the broader VC (Ponte, 
2020; Ponte et al., 2019; Sinkovics, Sinkovics, 2019). 
However, there has been limited research on the relations 
between VC positions and the adoption of environmental 
VSS (Groves et al., 2011; Hahn, Kühnen, 2013). Scholars 
have also employed stakeholder theory, which was ini-
tially presented by Freeman (1984), to explain the adop-
tion of sustainability strategies as a response to pressure 
from stakeholders, including the general public (Darnall 
et al., 2010; Delmas, Toffel, 2004; Freeman, 2010; Khaled 
et al., 2021; Schaltegger et al., 2019). Consumer prefer-
ences have a great impact on the choices made by firms 
in terms of sustainability (Bullock, van der Ven, 2020; 
Parmigiani et al., 2011). Recently, scholars have used both 
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stakeholder theory and GVC theory to create a more 
comprehensive theoretical foundation (Bager, Lambin, 
2020; Thorlakson et al., 2018). According to resource 
dependence theory, first described by Pfeffer and Salan-
cik (1978), companies depend on the environment for 
the procurement of raw materials, and therefore are con-
strained by the availability of natural resources for their 
survival (Chiang, Chuang, 2024; Hillman et al., 2009; 
Jiang et al., 2023; Pfeffer, Salancik, 2003). Multiple theo-
retical perspectives can be integrated to better under-
stand firm behaviour in terms of environmental commit-
ment. For example, resource dependence theory has been 
integrated with stakeholder theory (Freeman et al., 2021; 
Lourenço, Branco, 2013; Wolf, 2014). 

GVC theory is a tool to analyse VCs in terms of 
power relation and information asymmetries among 
their actors (Gereffi, Lee, 2012; Ponte et al., 2019; 
Vosooghidizaji et al., 2020). Agrifood VCs are often 
characterised by a high power asymmetry between agri-
cultural producers and the downstream production seg-
ments (Abdulsamad et al., 2015; Kano, 2018; Pietrzak et 
al., 2020), and the beef sector is no exception (Loomis, 
Oliveira, 2024). According to Ogundeji and Maré (2020), 
who examined the price transmission mechanisms in the 
beef market, the retail prices of beef cuts are significant-
ly higher than the producer price of a beef carcass.

The broad distinction introduced by GVC theory 
is between buyer- and producer-driven chains, depend-
ing on whether the retailer or manufacturing segment, 
respectively, have the highest market concentration (Lee 
et al., 2012; Ponte et al., 2019). This broad distinction 
is further integrated with more specific models of VC 
governance depending on the sector and context (Gib-
bon, 2001; zu Ermgassen et al., 2020). Lowe and Gereffi 
(2009) carried out an extensive study on the U.S. beef 
and dairy industry and described its structure in detail. 
They claimed that the market segments with the high-
est potential to enhance environmental and economic 
sustainability are those able to control and influence 
manure management and cattle diets, which are iden-
tified in the feed manufacturing companies, feedlots, 
slaughtering companies and retailers. The authors clas-
sified the U.S. beef VC as a bilateral oligopoly, because 
both the processing and retailing segments are highly 
concentrated. Zu Ermgassen et al. (2020) identified the 
Brazilian beef VC as buyer-driven when production is 
export oriented; otherwise, it is a traditional market. 
They also categorised the Mexican beef VC as a tradi-
tional market, meaning that both the manufacturing and 
retail segments are fragmented. 

Based on the existing literature, the EU beef mar-
ket is considered to be a bilateral oligopoly, with a high 

concentration in both the manufacturing and retail 
segments (Maes et al., 2019; Nielsen, Jeppesen, 2001). 
According to Nielsen and Jeppesen (2001), in the Euro-
pean beef market, a highly fragmented primary produc-
tion segment is confronted with an increasingly concen-
trated slaughtering industry. Slaughterhouses are con-
centrated at the national level, whereas concentration of 
the slaughtering segment is lower at the European level. 
Simultaneously, large retail chains have gained enough 
buying power to influence the activities and decisions 
taken by upstream companies (Nielsen, Jeppesen, 2001). 
According to Azzam and Andersson (2008), the concen-
tration of the slaughtering industry in Sweden defines 
the beef market as an oligopoly. Looking at the adoption 
rates of environmental VSS by VC segments is useful to 
assess whether there is potential to upscale the sustain-
ability commitment to the entire sector. Based on these 
theoretical considerations, we hypothesise that the posi-
tion of companies along the beef VC is related to their 
choice to adopt sustainability strategies:

H1. The position along the VC is related to the adoption of 
environmental VSS in the beef sector.

The positive correlation between firm size and the 
adoption of sustainability strategies has been widely doc-
umented in the literature (Artiach et al., 2010; Delmas et 
al., 2019; Drempetic et al., 2020; Khaled et al., 2021), after 
being initially reported by Ullmann (1985). The rela-
tion remains significant across different proxies, includ-
ing revenue (Gallo, Christensen, 2011; Thorlakson et al., 
2018), the number of employees (Wolf, 2014), total assets 
(Khaled et al., 2021) and market type, meaning that firms 
operating on wider markets are more likely to adopt 
VSS (Sotorrío, Sánchez, 2010; Thorlakson et al., 2018). 
Accordingly, firms with greater financial resources are 
more able to invest in sustainability activities and disclo-
sure (Drempetic et al., 2020). At the same time, according 
to stakeholder theory, large companies are more exposed 
to the general public and therefore are more likely to 
face societal pressure to implement sustainability prac-
tices (Artiach et al., 2010). Large corporations are key 
actors in the sustainability transition (Delmas et al., 2019; 
Gray, 2008), and larger manufacturers tend to adopt sus-
tainability standards to differentiate themselves from 
their competitors (Lee et al., 2012). Holley et al. (2020) 
explored the adoption patterns of pasture management 
and prescribed grazing practices among cattle farmers. 
Such practices are able to reduce GHG emissions, soil 
erosion and nutrient runoff, and therefore mitigate the 
environmental impacts of livestock production (Conant 
et al., 2017). Holley et al. (2020) showed that income is a 
major predictor for adoption of such practices. 
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In this study, we used turnover and market type as 
proxies to capture firm size. Based on stakeholder theory 
and the previous considerations, we propose the follow-
ing hypothesis:

H2. The likelihood of adopting environmental VSS increas-
es with firm size.

Stakeholder theory predicts that consumers and the 
general public play a key role in motivating companies 
to adopt sustainability initiatives. Consumers are effec-
tive in positively influencing the adoption of sustaina-
bility-oriented innovation (Goodman et al., 2017), and 
firms respond proactively to consumers’ expectations 
surrounding their environmental performance (Gong et 
al., 2019; Murillo-Luna et al., 2008). For example, con-
sumers are powerful stakeholder in driving sustainable 
management of water resources in the hospitality sector 
(ElShafei, 2020). 

Business orientation has been employed as a proxy 
to measure consumer pressure. Accordingly, business-
to-consumer (B2C) firms have a direct relation with 
consumers and are therefore more exposed to their pres-
sure (Johnson et al., 2018), whereas business-to-business 
(B2B) companies are less visible to the general public 
(Wang, Juslin, 2013). B2C firms are more likely to dis-
close sustainability activities (Goettsche et al., 2016), to 
adopt a higher number of VSS (Thorlakson et al., 2018) 
and to adopt more comprehensive and well-designed 
environmental VSS (Khanna, Anton, 2002). 

Firm ownership is a second proxy that is useful 
for capturing consumer pressure (Garde Sánchez et 
al., 2017). Specifically, public companies are required 
to report their financial information and are therefore 
exposed to stricter scrutiny by the public (Fernandez-
Feijoo et al., 2014), which makes them more likely to dis-
close their non-financial information (Hahn, Kühnen, 
2013) and to make stronger sustainability efforts than 
private firms (Chakrabarti, 2023; Gallo, Christensen, 
2011; Kavadis, Thomsen, 2023). 

A third proxy for consumer pressure is customer 
engagement. According to previous research, firms with 
high consumer engagement are more likely than oth-
ers to communicate their environmental sustainability 
practices (Gong et al., 2019; Haddock, 2005). Moreover, 
in the coffee VC, there is a positive relationship between 
the number of social media platforms for which a firm 
has an active presence and the adoption of VSS (Bager, 
Lambin, 2020). Based on this examination, we employ 
business orientation, firm ownership and customer 
engagement as proxies to capture the effect of consumer 
pressure, and we propose the following hypothesis:

H3. The likelihood of adopting environmental VSS increases 
with consumer pressure exerted on the beef firm.

According to resource dependence theory, firms 
that are aware of their dependence on the environment 
for their success are more likely to commit to environ-
mental sustainability and report their efforts (Giannakis, 
Papadopoulos, 2016; Lourenço, Branco, 2013; Marsch-
ner et al., 2025; Wolf, 2014). Risk-aware and risk-averse 
firms implement more VSS (Mayer, Gereffi, 2010) – for 
example, in the context of sustainable management of 
water resources (ElShafei, 2020). There has been simi-
lar findings from studies on the adoption of VSS across 
the food, textile and wood VCs (Thorlakson et al., 2018) 
and in the production of coffee (Bager, Lambin, 2020). 
Gillespie et al. (2007) surveyed cattle farmers about the 
adoption of best management practices, including the 
ones associated with environmental benefits. They found 
that risk aversion is one of the predictors of whether 
practices are adopted. Based on these considerations, we 
propose the following hypothesis:

H4. There is a positive relation between risk identification 
by firms and the adoption of environmental VSS along the 
beef VC.

3. METHODOLOGY

Our target population is European firms operating 
along the beef VC. To extract a sample of research units, 
namely European beef firms, from our target population, 
we operationalised the target population by building 
as comprehensive of a list of European firms operating 
along the beef VC as possible (i.e. a sampling frame). We 
relied on the Orbis database, which contains financial 
information about over 400 million companies across 
all continents and economic sectors, covering both pub-
licly listed and private companies (Kalemli-Özcan et al., 
2024). In Orbis, we filtered companies to create our sam-
pling frame. 

The first filter relates to the NACE Rev.2 codes 
linked to the production of beef: 0142 (raising of other 
cattle and buffaloes), 1011 (processing and preserving of 
meat), 1013 (production of meat and poultry meat prod-
ucts), 1091 (manufacture of prepared feeds for farm ani-
mals), 4623 (wholesale of live animals), 4632 (wholesale 
of meat and meat products) and 4722 (retail sale of meat 
and meat products in specialised stores). We chose the 
second filter to include only the businesses operating in 
the beef industry and excluding the others. Specifically, 
we selected those firms that reported the term ‘beef ’ in 
their name or in the description of their activities. This 
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procedure allowed us to obtain a list of 265,532 compa-
nies, from which we further excluded companies that 
disclosed financial data for <5 years during the 2012-
2021 period, with the aim of reducing the effect of year-
ly variability and providing a more objective represen-
tation of firm size. As a result of these procedures, we 
obtained a sampling frame consisting of 2,596 units. 
After building our sampling frame, which included 
almost all individuals in our target population, namely 
European beef firms, we applied a simple random strat-
egy and to select a random sample of 1,050 companies. 
This choice was crucial to ensure that we obtained as 
representative a sample as possible. We later removed 
the firms with no website or no functional website (n = 
550), the ones not significantly involved in the beef VC 
(n = 179), duplicates (n = 13) and business organisations 
only involved in retail operations (n = 4), obtaining a 
final sample of 263 units. Using power calculations, 
we calculated that a sample of 263 observations would 
allow for a 6% margin of error and a >95% confidence 
level (Daniel, Cross, 2018). 

We downloaded from Orbis financial data about the 
sampled companies and complemented them by extract-
ing information about additional firm characteristics 
and environmental VSS, summarised in Table 1. To 
obtain said information, we carried out a content analy-
sis on the company websites and sustainability reports, 
therefore creating an original dataset. We collected the 
following company characteristics: turnover, comput-
ed as the mean turnover in the available years between 
2012 and 2021; market type (local, regional or global), 
ownership status (public or private); consumer engage-
ment (proxied by social media presence); and business 
orientation (B2B and B2C). Additional variables included 
VC positions (feed producers, producers, processers or 
butcher shops) and risk identification, which measured 
whether firms explicitly recognised environmental risks 
in their sustainability disclosures. Apart from turnover, 
all the explanatory variables are dichotomous.

To obtain a unique measure regarding the adoption 
of environmental VSS, we created a list of 23 environ-
mental practices based on Broom (2021) and coded them 
as binary variables, before summing them up (Table 2). 
We also coded whether companies adopted environmen-
tal certifications and found the EU Organic and the ISO 
14001 to be the relevant ones.

4. EMPIRICAL STRATEGY

To test our hypotheses, we employed the following 
equation (1):

β β

β β β

β β β
β β β ε

� (1)

Our dependent variable, y, is the adoption of envi-
ronmental VSS by firms. The first explanatory variables 
are the stages of the beef chain in which the firm oper-
ates ( ), which, in the context of the beef VC, are 
feed producer, producer, processer and butcher shop. 
The independent variables expressing firm size are the 
firm’s turnover ( ) and the market type ( ).  
Market type is a set of three mutually exclusive dum-
my variables expressing whether the market reach of 
the company is local, regional or global. To avoid per-
fect multicollinearity, we omitted from the model the 
dummy with the lowest number of observations, which 
was regional. The proxies for consumer pressure are the 
business orientation of the firm (  and , which 
are not mutually exclusive), the public ownership of 
the firm ( ) and the degree of customer engagement  
( ). Moreover, the firm’s attitude towards risks asso-
ciated with sustainability-related issues ( ) relates to 
risk dependence theory. We also inserted several control 
variables: the gross domestic product (GDP) per capi-
ta of the country where the company is located (
), which helped us capture regional differences across 
firms, whether the company released a sustainability 
report ( ), and the sustainability certifications adopt-
ed by the firm (  and ). 

To estimate equation (1) with the number of envi-
ronmental VSS as the dependent variable, we performed 
a hurdle regression model (Cragg, 1971). This model 
allows one to divide the decision-making process into 
two steps (Boncinelli et al., 2018). In the first step, we 
employed logit regression to model whether the firm 
decided to disclose its environmental sustainability 
activity. The second step, which is a count model with a 
truncated component, relates to the number of VSS dis-
closed by the company only if they are positive. With 
this approach, we first modelled the choice by compa-
nies to adopt at least one environmental VSS, and then 
the choice to adopt a certain number of said practices. 
Moreover, the hurdle model is suitable for dependent 
variables that are nonnegative count variables and take 
on the value zero in a relevant number of observations 
(Mullahy, 1986), as in the case of our dependent varia-
ble. We performed a regression on the full sample as well 
as regressions on two parts of the sample, divided along 
the median turnover (Meemken, 2021), to account for 
different effects on micro/small and medium/large com-
panies and to discuss more appropriate policy implica-
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tions. The two subsamples include 131 and 132 observa-
tions, respectively, allowing for a statistical power above 
90% and a 95% confidence level, based on power calcu-
lations (Daniel, Cross, 2018). In all three regressions, we 
employed the Huber-White estimator to compute robust 
standard errors. 

Concerns about reverse causality could arise regard-
ing the turnover variable. To mitigate them, we used 

turnover data from the years 2012-2021, which is a previ-
ous period with respect to the data collection on sustain-
ability disclosure by companies (i.e. 2022-2024). With 
this approach, we ensured that our data on sustainability 
disclosure did not influence our turnover data. 

Table 1. Summary statistics, including frequency analysis, for the dichotomous variables.

Description Mean Standard 
deviation Min Max Source

Dependent variable
Adoption of voluntary 
sustainability standards 
(VSS)

Number of environmental VSS adopted by each 
firm 2.350 4.107 0 21 Firm 

websites

Cardinal explanatory variables

Turnover (Turnover)
Firm turnover (thousands of EUR), computed as 
the mean turnover in the available years between 
2012 and 2021 (at least five)

1.910e+08 7.610e+08 4.326e+03 8.010e+09 Orbis

Consumer engagement (CE) Number of social media platforms on which the 
firm is active 1.323 1.638 0 6 Firm 

websites
Gross domestic product per 
capita (GDP)

GDP per capita of the country where firm is 
located (thousands of USD) 36.930 17.908 1.137 100.172 World 

Bank

Dichotomous explanatory variables

Feed producers (VC1) Firm produces feed for cattle 32 10.56% 0 1 Firm 
websites

Producers (VC2) Firm raises cattle 44 14.52% 0 1 Firm 
websites

Processers (VC3)
Firm slaughters the animals and processes the 
meat 224 73.93% 0 1 Firm 

websites

Butcher shops (VC4) Firm runs one or more shops 59 19.47% 0 1 Firm 
websites

Market type (M) Local: firm operates in one country 202 66.67% 0 1 Firm 
websites

Regional: firm operates in more than one country 
within the same continent 63 20.79% 0 1 Firm 

websites
Global: Firm operates in at least two countries in 
two different continents 79 26.07% 0 1 Firm 

websites

Business orientation (B2B) Firm is business facing 247 81.52% 0 1 Firm 
websites

Business orientation (B2C) Firm is consumer facing 162 53.47% 0 1 Firm 
websites

Public listing (PL) Company is publicly traded 10 3.30% 0 1 Orbis

Risk identification (RI) Firm mentions risk as part of the sustainability 
activity 29 9.57% 0 1 Firm 

websites

Sustainability report (SR) Company has issued at least one sustainability 
report 15 4.95% 0 1 Firm 

websites

EU organic Firm adopts the EU organic certification 35 11.55% 0 1 Firm 
websites

ISO 14001 Firm adopts the ISO 14001 certification 27 8.91% 0 1 Firm 
websites

Source: Our content analysis, Orbis and World Bank.
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5. RESULTS AND DISCUSSION

Based on descriptive analysis, 55% of firms in the 
sample have not adopted any environmental VSS, 23% 
have adopted 1-3 practices, and the remaining por-
tion have adopted ≥4 practices (Figure 1). The envi-
ronmental practices that are most likely to be adopted 
by the firms are animal welfare programmes, energy 
efficiency targets and waste reduction policies (Figure 
2). If we consider the issues that are most impactful 
in terms of GHG emissions, namely enteric fermenta-
tion and land-use change, the adoption of practices by 
the beef industry is not entirely in line with the most 
urgent problems identified by the scientific community 
(Figure 2). The negative impacts of enteric fermentation 
on the environment can be mitigated by managing cat-
tle diets and manure. Although 26 firms have adopted 
a feed agricultural and sustainable practice, only 6 have 
declared a more targeted feed methane control, and 16 
have adopted a sustainable manure management policy. 
Notwithstanding the fact that beef is a ‘deforestation 
risk’ commodity, only 6 of the companies in our sam-
ple have adopted zero deforestation commitments, and 
only one has declared an afforestation programme. 
More than 80% of the companies have not adopted any 
certification; thus, certification adoption is an uncom-

mon strategy among beef firms. Among the 263 compa-
nies in our sample, 31 have adopted the organic stand-
ard and 26 have adopted the ISO 14001 certification; of 
these, 7 have adopted both. Figure 3 shows that firms 
with no sustainability certification perform worse in 
terms of environmental sustainability disclosure, with 
few exceptions. Companies adopting either the organic 
standard or ISO 14001 perform similarly, with a median 
of 4.5 and 6 VSS, respectively (Figure 3). Several firms 
that have adopted either of the standards have disclosed 
only a small number of environmental VSS or have not 
disclosed any, and are therefore at risk of greenwashing 
(Figure 3). Figure 3 displays that the seven companies 

Table 2. List of environmental voluntary sustainability standards.

Environmental practices

Afforestation
Animal welfare programme or policy
Antibiotic use policy
Biodiversity conservation
Building or facility certifications
Energy use target or policy
Feed agricultural and sustainable practices 
Feed methane control
Food waste reduction
Greenhouse gas emissions reduction
Genetically modified organism policy
Grazing conservation
Hormone use policy
Life cycle assessment
Manure management
Mobility target or programme
Recycling
Renewable energy
Soil protection
Waste reduction
Water pollution reduction
Water use reduction
Zero deforestation

Source: Our content analysis.

Figure 1. The number of companies that have adopted a specific 
number of environmental voluntary sustainability standards (VSS).

Figure 2. The number of companies that have adopted specific 
environmental voluntary sustainability standards (VSS).
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that have adopted both standards have adopted a high-
er number of environmental VSS (a minimum of eight) 
than the other firms in the sample.

Table 3 shows the results of the regression models. 
Model 1 includes the entire sample, model 2 includes 
the subsample corresponding to the lowest half of the 
sample in terms of turnover and model 3 includes the 
subsample with the highest turnover. In model 1, the 
binary hurdle equation shows that producer, processer, 
turnover and the organic and ISO 14001 standards are 
strongly and positively correlated with the adoption of 
VSS. Based on the count model equation, producer; risk 
identification; and the control variables GDP per capi-
ta, sustainability report and the organic and ISO 14001 
standards are strongly and positively correlated with the 
adoption of VSS. Public listing is weakly and positively 
correlated with the adoption of VSS, whereas butcher 
shop and local market have a negative and significant 
coefficient. Model 2 presents a positive coefficient relat-
ed to consumer engagement and the organic standard 
in the binary equation. In the count model, producer, 
processer, risk identification and the organic and ISO 
14001 standards are all strongly positive and signifi-
cant, whereas feed producer is slightly significant and 
positive. For model 3, processer, turnover and the ISO 
14001 standard are also positively correlated with the 
adoption of VSS in the binary equation. Looking at the 
corresponding count model, producer, processer, B2B 
orientation, B2C orientation, public listing, GDP per 
capita, sustainability report and the ISO 14001 stand-
ard all have positive and significant coefficients, whereas 
butcher shop and the local and global market types show 
negative and significant coefficients. 

According to our results, VC position seems to have 
a role in the decision to adopt VSS, which supports H1 
and is consistent with the literature (Marschner et al., 
2025; Ponte et al., 2019). Specifically, being a feed pro-
ducer, producer or processer increases the likelihood of 
adopting VSS. These results suggest that feed produc-
ers, animal farmers and manufacturers drive the sus-
tainability transition in the beef VC. Lowe and Gereffi 
(2009) considered three segments to have a high poten-
tial in enhancing environmental sustainability along the 
VC, because they control manure management and cat-
tle diets. Therefore, according to our results there is an 
interesting potential for a green transition in the Euro-
pean beef sector. 

We identified a positive relationship between firm 
size and the adoption of environmental VSS, support-
ing H2. This suggests that as a company’s profitability 
increases, so does its likelihood of implementing indi-
vidual sustainability standards (Artiach et al., 2010; 
Drempetic et al., 2020; Khaled et al., 2021). Consistently, 
larger firms are more likely to disclose their sustainabil-
ity activities than smaller firms (Bager, Lambin, 2020; 
Holley et al., 2020). The results regarding market type 
show that both local companies operating in the nation-
al markets and global companies are likely to adopt 
fewer VSS than others, suggesting that regional firms are 
the most likely to adopt a higher number of VSS. This 
finding is in line with Di Vita et al. (2024), who found 
that medium-sized enterprises show great responsiveness 
to internal or external changes and are therefore more 
able to adopt sustainability practices than other actors. 
Our findings partially support H3. Business orientation, 
public listing and consumer engagement have a role in 
explaining the variability in VSS adoption, which dem-
onstrates that stakeholder pressure has a consequence 
in terms of sustainability disclosures by companies 
(Chakrabarti, 2023; Gallo, Christensen, 2011; Goettsche 
et al., 2016; Gong et al., 2019; Kavadis, Thomsen, 2023; 
Murillo-Luna et al., 2008).

According to our models, the firms that iden-
tify a sustainability-related risk tend to adopt a higher 
number of environmental VSS. This finding supports 
H4 and suggests that firms with a risk-aware attitude 
perceive the adoption of VSS as a strategic opportu-
nity rather than just a compliance cost (Bager, Lam-
bin, 2020; ElShafei, 2020; Thorlakson et al., 2018). This 
result aligns with the findings by Swaim et al. (2016) 
and Williams and Schaefer (2013), who highlighted the 
importance of firms’ attitudes, values and environmental 
concerns in driving their commitment to sustainability 
practices and certifications. Indeed, having well-devel-
oped risk awareness related to existing environmental 

Figure 3. The number of environmental voluntary sustainability 
standards (VSS) based on the sustainability standard adoption status.
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Table 3. Cragg hurdle regression coefficients with robust standard errors. 

Adoption of environmental voluntary sustainability standards

Model 1 Model 2 Model 3

Coefficient Standard error Coefficient Standard error Coefficient Standard error

Parameters of the binary hurdle equation
Constant -7.193*** (1.969) -2.403 (2.909) -10.888*** (3.976)
Value chain position
  Feed producer 0.451 (0.419) -0.151 (0.730) 0.662 (0.587)
  Producer 0.653*** (0.317) 0.655 (0.540) 0.608 (0.421)
  Processer 0.725** (0.290) 0.739 (0.465) 0.911* (0.421)
  Butcher shop -0.156 (0.301) -0.570 (0.459) -0.181 (0.461)
Turnover 0.214*** (0.075) -0.069 (0.111) 0.450** (0.190)
Market type
  Local -0.008 (0.261) -0.030 (0.421) 0.139 (0.355)
  Global 0.091 (0.315) 0.167 (0.534) -0.070 (0.425)
Business orientation
  B2B 0.074 (0.313) -0.041 (0.481) 0.199 (0.454)
  B2C -0.258 (0.239) -0.291 (0.347) -0.245 (0.353)
Public listing -4.630 (181.954) 0.000 (omitted) -4.963 (149.647)
Consumer engagement 0.381 (0.236) 0.761** (0.364) 0.224 (0.365)
Risk identification 8.694 (265.708) 6.394 (293.123) 7.966 (232.428)
Gross domestic product 
per capita 0.233 (0.171) 0.201 (0.256) 0.171 (0.251)

Sustainability report 8.857 (399.937) 0.000 (omitted) 8.291 (275.644)
Organic standard 1.703*** (0.448) 1.558*** (0.573) 5.646 (228.252)
ISO14001 standard 1.841*** (0.520) 6.662 (330.545) 1.151* (0.625)

Parameters of the count model equation
Constant -33.541 (10.327) -31.199 (22.807) -38.662 (12.464)
Value chain position
  Feed producer 0.636 (1.562) 8.737* (5.053) 1.618 (1.924)
  Producer 5.533*** (1.226) 7.058*** (1.583) 2.762* (1.517)
  Processer 2.258 (1.505) 3.732*** (1.451) 5.050** (2.384)
  Butcher shop -6.482*** (1.875) -2.904 (1.917) -6.110*** (2.110)
Turnover -0.104 (0.266) 0.787 (0.898) 0.349 (0.384)
Market type
  Local -2.509** (1.201) 0.250 (1.886) -3.708*** (1.377)

  Global -1.971 (1.301) -0.489 (1.830) -2.513* (1.487)
Business orientation
  B2B 2.448 (1.541) 3.089 (2.118) 2.924* (1.762)
  B2C 0.454 (1.019) -0.535 (1.359) 2.601*** (1.265)
Public listing 3.790* (2.108) 2.804 (omitted) 4.143* (2.165)
Consumer engagement 1.025 (1.038) 1.913 (1.282) 0.385 (1.288)
Risk identification 2.640** (1.096) 6.161*** (1.440) 0.018 (1.326)
GDP per capita 3.139*** (0.959) 1.005 (1.611) 2.671** (1.081)
Sustainability report 4.761*** (1.542) 3.857 (omitted) 4.659*** (1.541)
Organic standard 3.620*** (0.979) 6.351*** (1.592) 1.541 (1.1787)
ISO 14001 standard 4.780*** (1.104) 8.579*** (2.251) 5.234*** (1.272)

Observations 263 131 132
Log likelihood -367.054 -113.458 -227.209

Note: Model 1 includes the entire sample. Model 2 includes the subsample corresponding to the lowest half of the sample in terms of turno-
ver. Model 3 includes the subsample with the higher turnover. Robust standard errors are presented in parentheses. ‘Regional’ is the refer-
ence level for market type and was omitted from the models. *p < 0.1; **p < 0.05; ***p < 0.01.
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uncertainty can help firms be more sensitive towards the 
management of uncertainties that could possibly hinder 
business activities. For example, the adoption of VSS 
could allow businesses to anticipate future regulations 
rather than having to comply with mandatory policies 
when they are implemented. This is especially impor-
tant for firms that may encounter difficulties in adapt-
ing to new regulatory frameworks and market rules due 
to their limited financial availability. In these cases, the 
adoption of standards can help such firms to progres-
sively adapt to changing regulatory conditions and to be 
updated about new market trends.

Beef firms tend to adopt a higher number of VSS 
when they are in countries with a high GDP per capita 
and when they issue a sustainability report. It is inter-
esting to note the results about the certifications imple-
mented by firms, suggesting a sort of path dependency 
in the firms’ attitude towards the adoption of sustainable 
practices. Specifically, the higher the structural dimen-
sion of the firms, the higher the probability to adopt dif-
ferent types of sustainability practices (Drempetic et al., 
2020). There are several reasons for this phenomenon. 
First, large firms have the financial possibility to invest 
in sustainable programmes for their business. Second, 
larger firm is affected by a higher risk of reputation loss 
compared with smaller firms. Consequently, the need 
to implement sustainability-certified activities becomes 
strategic. Third, the implementation of sustainability 
practices often creates interdependencies between certi-
fication and practice adoption. Once a firm has invested 
in one sustainability certification, it incurs fixed costs 
related to compliance, reporting and monitoring. These 
investments can lower the marginal cost of adopting 
additional VSS. Fourth, in buyer-driven supply chains, 
large corporations and retailers often require multiple 
certifications from suppliers. Consequently, the larger 
the firms are, the higher the number of sustainability-
related requests by large retailers.

6. CONCLUSIONS 

We explored the mechanisms driving beef compa-
nies to adopt different sustainability strategies, empha-
sising the role of firm characteristics and VC positions. 
We found that a large proportion of beef firms have not 
adopted any sustainability strategies. The most com-
monly adopted VSS concern animal welfare, energy 
use, waste and genetically modified organisms (GMOs), 
which are notable topics in the public discourse. These 
policies do not align entirely with the priorities identi-
fied by the scientific community in terms of GHG emis-

sions (Caccialanza et al., 2023; Putman et al., 2023). 
Manure management, cattle diet practices and feed 
methane control are more urgent and relevant to miti-
gate beef production’s negative impact on the environ-
ment (Kokemohr et al., 2022; Lowe, Gereffi, 2009), but 
those are not among the most commonly adopted in our 
sample of European companies. The regression analysis 
results demonstrate that GVC theory, stakeholder theory 
and resource dependence theory complement each other 
in explaining the pattern of the adoption of environmen-
tal VSS by European beef firms. Specifically, producers 
and processers tend to communicate their sustainabil-
ity efforts more than other firms. Firm size and stake-
holder pressure are also partially relevant in explaining 
the adoption of VSS. We found a positive correlation 
between risk identification and environmental disclo-
sure, which implies that risk-aware firms adopt VSS stra-
tegically to improve the business.

These results can provide both policymakers and 
companies with information about how the beef sector 
addresses environmental issues, and inform their policy 
choices. Overall, our results should stimulate policymak-
ers to implement stronger regulation to give beef firms 
incentives to act more sustainably. We identified produc-
ers and processors as key actors driving the adoption of 
environmental VSS. These two segments have the power 
to influence the entire beef VC and to control manure 
management and cattle diets, which are two of the most 
impactful practices in terms of reducing GHG emissions 
(Lowe, Gereffi, 2009). This entails the potential to scale 
up their efforts. Policymakers should focus on regula-
tions and incentives on these segments to strengthen 
sustainability impacts across the VC. This could involve, 
for example, mandatory reporting requirements for large 
processors or targeted methane-reduction standards 
in feed and manure practices. According to Lowe and 
Gereffi (2009), feed producers also have the potential to 
drive the environmental sustainability transition along 
the beef VC because they can influence cattle diets, but 
our results show that this potential is only exploited in 
the small and medium-sized enterprises (SMEs). This 
result highlights the importance of putting feed manu-
facturers under the spotlight and targeting that VC seg-
ment with awareness campaigns and tailored policy, 
which could effectively lower the methane emissions 
from enteric fermentation. 

We found that firm size is a significant predictor for 
environmental-sustainability-related strategies, and SMEs 
are less likely to commit to sustainability. A potential pol-
icy implication of this finding is the need for policymak-
ers to focus on SMEs, and to provide them with a norma-
tive path to reduce the barriers they face by introducing, 
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for example, specific technical assistance programmes 
to implement practices and certifications, or easing the 
access to sustainability consultants. The results also show 
that firms with high awareness towards environmen-
tal risks tend to adopt more VSS. Policies could provide 
effective communication strategies to increase environ-
mental risk literacy, to share industry best practices and 
to increase the availability of sector-specific tools, such as 
environmental risk assessment templates.

Our data collection revealed that there are not 
many beef-specific third-party sustainability certifica-
tions. However, there are inconsistencies in the literature 
regarding the actual effectiveness of sustainability activi-
ties by third-party certifiers in agri-food VCs (Meemken 
et al., 2021). Therefore, the lack of beef-specific ones cre-
ates a somewhat favourable opportunity for policymak-
ers to focus their efforts on regulating beef firms direct-
ly, which could allow for a direct sustainability effort 
scale-up along the beef VC. 

From a managerial perspective, our results pro-
vide a framework to help firms select suitable sustain-
ability strategies and to understand their competitors’ 
approaches. Larger firms and those operating in regional 
markets tend to adopt more VSS, both for reputational 
benefits and differentiation. Therefore, adopting and 
communicating sustainability strategies and environ-
mental VSS offers an opportunity for beef producers 
and actors along the VC to strengthen their reputation 
of their brands and firms, and therefore to improve their 
market positioning and competitive advantage. In addi-
tion, the positive role of consumer engagement in the 
sustainability path of firms reveals that investments in 
transparent communication channels and traceability 
systems that align with consumer values can be effective 
solutions to leverage consumer engagement. Moreover, 
our analysis revealed a sustainability path dependency. 
Hence, firms should consider initial investments in sus-
tainability as a useful step to lower the marginal cost of 
future compliance.

It is essential to acknowledge that our methodology 
presents some limitations and carries risks of selection 
bias, information loss and coverage gaps. First, our reli-
ance on Orbis data implies potential data gaps, espe-
cially concerning small and micro firms. Nevertheless, 
we decided to rely on Orbis because it includes finan-
cial information of both private and public companies, 
differently from other databases (Kalemli-Özcan et al., 
2024). The presence of the word ‘beef ’ in the company 
name or activity description as one of our criteria to 
filter companies may have excluded from the sample 
actors operating in the beef VC that do not report the 
word ‘beef ’ explicitly, such as vertically or horizontal-

ly integrated food firms, or multinational processors. 
Moreover, our study design required an online presence 
by firms to build our database, which may have led to 
an underrepresentation of small and micro firms that 
do not have the means to maintain a website. These 
limitations create a risk of overrepresenting larger and 
more formalised firms, and thus only partially replicat-
ing the actual European beef VC structure, in which the 
presence of SMEs is important. Additionally, the reli-
ance on voluntary sustainability reporting raises con-
cerns about greenwashing and data accuracy. In this 
regard, we decided to focus on sustainability disclo-
sure rather than effectiveness and factual impact of the 
sustainability initiatives we considered. Another chal-
lenge is the potential endogeneity between firm turno-
ver and environmental VSS adoption. Whether finan-
cial success enables sustainability efforts or vice versa 
remains unclear, but we mitigated this issue by employ-
ing turnover data referring to a previous point in time 
rather than the sustainability disclosure data. Similarly, 
measuring consumer engagement through social media 
activity may conflate sustainability communication with 
actual consumer interaction.

The scientific implications of this study include the 
effectiveness of integrating different research approach-
es. Future studies should consider the generalisability 
of our findings by investigating other agrifood VCs. An 
additional indication for future research is to develop a 
methodology to identify possibly misleading informa-
tion on firm websites and sustainability reports, and to 
address potential greenwashing in firms’ sustainability 
disclosures. This would enrich the literature by allowing 
for an even deeper comprehension of the adoption pat-
terns of sustainability strategies along the agrifood VC. 
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