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There is growing literature on the concept and objectives of corporate
sustainability (CS), but less attention is paid to a comprehensive approach
to economic, social and ecological factors and industrial revolution (IR).
Specifically, this paper contributes to the academic debate on the relationship
between CS and IR in agri-food economics using firm-level data. The
study used quantitative pathway models to measure the extent to which
technologies affect the development of social, ecological and economic
factors in Hungarian food manufacturing companies. The research was
conducted using partial least squares path modeling (PLS-PM) and categorical
principal component analysis (CATPCA) to calculate the direct and indirect
effects of IR technologies on profitability outcomes. This study has shown that
the livable and sustainable path hypotheses can be confirmed. Consequently,
the food manufacturing businesses whose managers think along the viable
and sustainable lines tend to be more profitable. However, the ecological and
economic factors strengthened the positive impact of the social dimension on
food corporate profitability. Decision-makers should not wait for a pie in the
sky for emerging sustainability but consciously embrace the CSissues that only
provide a direction for the changes.

KEYWORDS

sustainable development, industrial revolution (IR), path models (PLS-PM), agri-food
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Introduction

In recent years, there has been an increasing interest in Industrial Revolutions (IR),
for instance, 4IR as a technological revolution aimed at achieving greater efficiency and
increased productivity in the global marketplace (Lee and Trimi, 2018), initially as a
high-tech strategy of the German government (Cugno et al., 2021). 5IR complements the
existing Industry 4.0 paradigm by using research and innovation to drive the transition
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to, for example, sustainable, human-centered and resilient
industries (Breque et al., 2021).From a conceptual perspective,
Breque et al. (2021) defined 5IR as something that ..
recognizes the power of industry to achieve social goals beyond
job creation and growth, and to become a resilient provider of
prosperity by respecting the limits of the planet and putting the
wellbeing of industrial workers at the heart of the production
process.” 5IR technologies serve people and societies, which
means that humans are not machined; the technology used in
manufacturing adapts to the needs and diversity of industrial
workers (Lu et al., 2021).

The Covid-19 pandemic and current geopolitical shifts have
highlighted the need to rethink existing types of drivers and
barriers, e.g., working conditions, compliance with legislation
and adaptation to sustainable strategies to overcome the
challenges in the food industries (Kamble et al., 2018). The agri-
food sector, more than any other sector, is characterized by
a high dependence on natural resources and has a significant
impact on the ecosystem, and its companies are highly exposed
to the expectations of civil society and policies (Hartmann,
2011). These policies have also amplified the vulnerabilities
of food manufacturing enterprises, i.e., fragile strategic supply
chains and the need to find innovations to address resilience
(Ibn-Mohammed et al., 2021).

Corporate Sustainability (CS) has become a vital component
of the complementary causality between business performance,
economic, environmental and social dimensions (Tomsic et al.,
2015). While the linkage between CS and its driving forces
and barriers has been investigated (Bojnec and Tomsic, 2020),
there is still a significant research gap when considering the
relationship between enterprise performance and sustainability
in association with the mediating role of IR. Although there
are existing research frameworks and findings on sustainable IR
(Mtody and Weinert, 2020), most studies explored the concept
(Ejsmont et al., 2020). Specifically, this paper contributes to
the academic debate on the relationship between CS and IR in
agri-food economics using micro- and firm-level data.

The major objective of this study was to investigate
to the theoretical framework and modelling of CS and IR
interactions by analyzing the impact of sustainable technology
implementation on profitability business performance. This
study follows a cross-country-specific design in the case of
Hungarian food manufacturing companies. It uses an in-depth
CATPCA and a PLS-PM approach to analyze the direct and
indirect impacts of the IR technologies affect the development
of social, ecological and economic factors on corporate
performance. This study aims to understand the growing area
of research better by exploring the interactions between IR and
corporate incomes from a sustainable perspective. Data for this
study were collected using 2020-2021 surveys.

The study is structured as follows. This paper begins by
reviewing the literature on sustainable concepts and their
linkage to IR. It will then go on to designing the data materials.
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The third section concerns the methodology used for answering
the hypotheses described. The fourth section presents the
findings of the research. Finally, the conclusion gives a summary
and limitations of the findings.

Literature overview

A large and growing body of literature has investigated
the concept of Sustainable Development (SD) (Basiago, 1995;
Pope et al., 2004; Schoolman et al., 2011; Boyer et al., 2016).
Much of the current literature pays particular attention to
encompassing economic, social, and ecological (environmental)
factors and goals. This threefold approach places sustainability
at their intersection (Giddings et al, 2002). According to
McKenzie (2004), social development depends on economic
and ecological development, and social sustainability is an
aspect of development that is on a par with environmental or
economic sustainability. However, the three-pillars concept of
sustainability is far from being the dominant interpretation in
the literature, and its precise meaning has been disputed.

Brown et al. (1987) conducted preliminary work on SD
and identified the three contexts in which the concept of
sustainability provides a paradigmatic framework. The social
perspective focuses on the satisfaction of basic human needs,
the ecological on the continued productivity of ecosystems
and the protection of scarce resources and biodiversity,
and the economic constraints imposed by a sustainable
society on economic growth (Eisenmenger et al, 2020).
The institutionalizing of SD continued with the “1992 Rio
Process”. Central to this was the publication of the ‘Rio
Declaration” consisting of 27 principles intended to guide
future agendas (Purvis et al, 2019). Following the 2012
World Summit, an Open Working Group was established
to develop the UN’s Sustainable Development Goals (SDGs)
to integrate sustainable development’s economic, social and
ecological dimensions (United Nations, 2015). More specifically,
SDG 9 focuses on promoting sustainable industrialization and
encouraging innovation.

IR technologies and their role in sustainability can differ
significantly, especially in the context of different industries.
In particular, IR is the challenge of moving from conventional
technology to smart systems without limiting the sustainability
of the industrial economy by addressing all three dimensions
and their interconnections in a balanced way (Rosati and
Faria, 2019). The sustainable IR transition for small and
med-size enterprises (SMEs) can start with digitizing certain
operations to support lean manufacturing systems (Ghobakhloo
and Fathi, 2020). The green supply chain framework driven by
IR technologies directly influences consumer behavior, working
processes and transport in sustainable logistics (Sun et al., 2022).
IR uses new technologies such as 3D printing, robotics and
automated guided vehicles to achieve the optimal solution under
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different production and sales constraints to maximize corporate
profits (Tsai and Lu, 2018). Together, these studies provide
insights into the importance of IR and the digitization of the
entire value chain (Nhamo et al., 2020).

The evidence presented by Chinese SMEs in the field of
precision agriculture confirms that the use of IR technologies
has benefits across the three sustainable dimensions (Miiller and
Voigt, 2018). However, there are different views in the literature
on long-term environmental sustainability. The ecological
(ECOL) aspect requires agri-food companies to produce quality
products and services at the lowest cost and to package
them in reusable materials to avoid polluting nature (Coelho
et al, 2020). Food companies, logistics providers, retailers
and consumers must work together to achieve sustainable
solutions to reduce the costs of production, packaging and
transport to ensure environmental advances (Bradu et al., 2022).
Proper packaging facilitates transportation, and customers will
be willing to pay a high price for goods and services that
support a green environment, resulting in fewer greenhouse
gas emissions (GHGs) and a positive impact on reducing
global warming and supporting the expected positive impacts
through financial initiatives (Bonilla et al., 2018). The ecological
nature of the green technologies, combined with the IR phases,
leads to an increase in energy efficiency and a reduction in
production waste, but an increase in electrical waste and energy
consumption (Yu et al., 2022).

One of the flercest debates has been about the impact of
IR technologies on self-employment. IR is closely related to
social (SOC) sustainability because firms offer better working
conditions for workers, health and safety are prioritized
(Adamik and Nowicki, 2018), and workers can even work from
home, ensuring flexibility and reducing pollution (Ahn and
Kim, 2017). Others argue that it means greater efficiency in
energy use, as workers spend less time at the company, resulting
in lower cost production (Jankalovd and Jankal, 2018). The
argument against home working is that it simply means passing
on utility costs to workers’ households (Barbieri et al., 2021).
Moreover, self-employment can reduce worker productivity and
motivation (Patanjali and Bhatta, 2022). New technologies have
a negative impact on the labor market because they can lead
to job losses, thereby reducing demand, and new technologies
can completely undermine economic development (Sachs et al.,
2015). Conversely, new technologies make it easier to keep jobs,
and employment is expected to overgrow among companies in
related food industries. Acemoglu and Restrepo (2018) stated
that IR tools are not eliminating but redefining the workplace,
and machines are taking over basic daily tasks, allowing workers
to focus on activities that require creativity. Technological
innovation has a positive impact not only on employment but
also on efficient production methods. Indeed, if green products
are produced at lower costs, there will be greater demand for new
green jobs (van Vuuren et al., 2017).
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FIGURE 1
Proposed conceptual framework. ECON: economic, ECOL:
ecological, SOC: social and PROF: profitability. The numbers
(e.g., 1a, 1b, 2a, 2b, 3a, 3b, 3c and 3d) represent the different SD
paths based on McKenzie (2004).

The economic (ECON) context that should be considered
for integrating IR with SD is that companies must conserve
available resources to maximize profits and ensure adequate
returns for stakeholders. The essence of economic sustainability
means that companies need to focus not only on short-term
but also on long-term goals so that customers are satisfied
with their current purchases (Cox and Pezzullo, 2017). Digital
technology adopters expect to make scarce material and energy
savings, increase capacity utilization and bring new products
to market faster to meet changing demand, thereby creating
the essential capabilities needed to exploit the potential of 5IR
(Burmeister et al., 2016). The use of big data has supported
managers in studying internal and external factors and failures
to impact productivity, efficiency and competitiveness by
improving business processes (Shahid and Sheikh, 2021). While
companies are investing in or planning to invest in, for example,
big data, computer modeling and simulations are optimistic
about their prospects for returns (Anwar et al., 2018).

The paradoxical nature of corporate sustainability (CS)
is the need to simultaneously consider social, ecological and
commercial aspects (Luo et al., 2020). The essential principle of
CS is that it takes a complex approach to economic development,
social needs and ecological requirements into account (Hahn
et al., 2018). The primary research objective of the analysis is
to find explanations for how each sustainable development path
can contribute to higher corporate profitability (PROF), either
indirectly or directly, through IR technologies in the case of
food manufacturing companies. Typical corporate performance
indicators include profit margin and return, sales and annual
growth ratios (Pache and Santos, 2013). Figure I shows the
proposed conceptual framework.

The “livable path” is one in which the ecological footprint,
ie., the environmental burden, is kept low in line with
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future economic development and environmentally responsible
companies tend to be more profitable (Wu et al, 2022).
However, traditional economic approaches underestimate the
risks from climate change and overestimate the costs of the
low-carbon transition, as they do not consider the cumulative
gains from path-dependent innovations (Ekins and Zenghelis,
2021).

HI: The sustainable economic factor mediates the impact
of the ecological dimension on food corporate profitability
(livable path).

The “fair way”, where decent work ensures economic growth,
means overconsumption of resources and the depletion of the
future. Researchers have generally used synergistic increases in
economic and social performance to represent the success of
sustainability. However, economic and social aspirations can be
detrimental to each other in the short term (Margolis and Walsh,
2003), and impacts on social or environmental performance are
assumed to occur only after a long time (Miron-Spektor et al.,
2018).

H2: The sustainable economic factor mediates the impact of
the social dimension on food corporate profitability (fair path).

The ‘tolerable path’ is one in which accessible food and clean
water are accompanied by renewable energy affordable for the
entire society (McKenzie, 2004). de Amorim et al. (2018) pointed
out that water, energy and food are interdependent and essential
resources that require sustainable, integrated and intelligent
management. The nexus is increasingly seen as a promising
approach to address the leadership gaps to the manufacturers in
addressing complex and interconnected resource management
challenges for enterprises (Pahl-Wostl, 2019).

H3a: The sustainable ecological factor mediates the impact of
the social dimension on profitability. Thus, H3b: The social
factor mediates the impact of the ecological dimension on
corporate profits (tolerable path).

The common area of the three factors (Sustainable path) must
be consciously addressed to change the status quo (Hahn et al.,
2018). A paradoxical approach to CS explicitly acknowledges the
tensions between different desirable but sometimes conflicting
sustainability goals (Hahn and Aragén-Correa, 2015). This
pragmatic approach allows corporate decision-makers to
balance the simultaneous pursuit of competing goals (Schad
et al., 2016). Furthermore, it allows for business contributions
to sustainable development, as environmental and social
considerations are not seen as goals but merely as a means to
maximize corporate profits (Schreck, 2011). In this case, firms
are making financial revenue and taking environmental and
social concerns into account.
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TABLE 1 Summary of sustainable development paths related to IR and
the hypotheses.

Paths Description Hypotheses

Livable ECOL->ECON->PROF (la and 1b) H1

Fair SOC->ECON->PROF (2a and 2b) H2

Tolerable SOC->ECOL->PROF (3a and 3b) H3a
ECOL->SOC->PROF (3c and 3d) H3b

Sustainable SOC->ECOL->ECON->PROF (3a, la and 1b) H4a
ECOL->SOC->ECON->PROF (3¢, 2a and 2b) H4b

Source: Authors’ compilation.

H4a: The sustainable ecological and economic factors mediate
the impact of the social dimension on food corporate returns.
Besides, H4b: The social and economic factors mediate
the impact of the ecological dimension on food corporate
profitability (sustainable path).

Table | summarises the SD pathways associated with IR and
corporate profitability, and formulates the following hypotheses
based on the indirect (mediation) effects:

Materials and methods

This research was carried out using quantitative pathway
models, and a primary questionnaire was used as a research
tool to investigate Hungarian food manufacturing businesses
following the COVID-19 outbreak. The investigation was
conducted typically through online professional events,
telephone, and face-to-face inquiries. The surveys were
conducted at the beginning of 2020, while the data refer
to a two-year period spanning from 2020 to 2021. The
composition and structure of the questions were based on
the literature collected and on preliminary consultations
with the CEOs of the 5 selected food companies and their
suggestions. A comprehensive literature review of the variable
operationalization was conducted based on ecological (Tang
et al., 2016; Bonilla et al., 2018; Gielen et al., 2019), social (Sachs
et al., 2015; Jankalova and Jankal, 2018), economic (Westerman
et al., 2012; Cox and Pezzullo, 2017) and profitability (Bughin,
2016) dimensions. Some dimensions and items were piloted
and feedback, grammatical errors and misunderstandings were
corrected. The surveys were then collected with the help of
senior and middle managers and IT specialists.

Data design
A Voluntary Questionnaire Was Developed to Measure the

Extent to Which IR Technologies Affect the Development of
Social, Ecological and Economic Factors in Hungarian Food
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TABLE 2 Sources and abbreviations of sustainable development items and profitability indicators.

Factors Descriptions Abbreviations Source
Ecological(ECOL) Equipment to reduce air pollution ECOL1 Tang et al. (2016), Bonilla et al. (2018), Gielen et al. (2019)
Renewable energy use (solar panels) ECOL2
Reducing energy costs ECOL3
Rapidly biodegradable materials (packaging) ECOL4
Increased recycling of products ECOL5
Increase in electronic data storage ECOL6
Promoting a green environment ECOL7
Recycling reduces deforestation ECOL8
Social(SOC) Creation of new jobs SOC1 Sachs et al. (2015), Jankalové and Jankal (2018)
Global poverty reduction SOC2
Robots and machines support workers SOC3
Robots displace manual labor SOC4
New types of competencies needed SOC5
Reducing unemployment SOCe6
Reducing gender inequality sOC7
Increase in homeworking SOC8
Economic(ECON)) Reduction in production costs ECON1 Westerman et al. (2012), Cox and Pezzullo (2017)
Influencing legal regulations ECON2
Increasing productivity ECON3
Producing quality products ECON4
Investment support, tax breaks ECONS5
Increasing economic disparities ECON6
It makes a business more competitive ECON7
Reduce issues and increase efficiency ECONS8
Profitability(PROF) Return on Assets ROA Bughin (2016)
Return on Equity ROE
Return on Sales ROS
Return on Investment ROI

Source: Authors’ compilation.

Manufacturing Companies. A Total of 24 Elements, Each
Containing eight Selected Environmental, Economic, and Social
Aspects, Are Measured on an Ordinal Scale. Each Item Was
Measured on a Five-Point Likert Scale, Where 1 = Strongly
Disagree, 2 = Disagree, 3 = Neutral, 4 = Agree, and 5 = Strongly
Agree. For the Corporate Return (Profitability) Indicators Were
Transformed as Follows: Below 0, 0-5, 5-15, 15-30 and Above
30%. The list and sources of items are shown in Table 2.

Hungarian food industry

Based on KSH (2020) report, the industry contributed
24.3% of the gross value added to the economy in Hungary.
It ranks fourth in terms of manufacturing industry share in
the EU behind Slovenia (23%), the Czech Republic (24%), and
Ireland (38%), making it one of the most industrialized EU
countries. Manufacturing, which accounts for around 96 per
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cent of total production, experienced a 6.0% decline. However,
transportation decreased by 11.2%, but less for food, drink,
and tobacco (up 0.8 and 1.0%). In 2020, production was
growing steadily for seven years, and the pandemic has only
partially impacted certain areas. The most significant shortfall
was caused by the disappearance of demand generated by
tourism and hospitality. Domestic sales, which account for
59% of the total, remained unchanged from the previous
year, while export, which account for 41% of the total, rose
by 3.4%. The negative impact of the epidemic was most
pronounced in meat processing, preserving and preparations,
which accounts for almost a quarter of production, and the
beverages, which fall by almost the same amount (5.8 and
5.9%). In the poultry and pig sectors, production was also
negatively affected by avian influenza and African swine fever.
In addition, the production of bakery products, pasta and
other food products (such as confectionery) also fell (by 3.4%
and 2.3%).
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In 2020, there were only 1157 (TEAOR-10) food companies.
However, most did not respond to the questions, citing
confidential company information. After the survey, 276
respondents completed the questionnaire, which was reduced to
259 during the data cleaning process, with no missing data or
registry errors. In order to have sufficient data for the analysis,
223 or more measurements are needed to have a confidence
level of 95% that the real value is within £5.9% of the surveyed
value (Kirby et al., 2002). The sample size is sufficient for further
analysis on partial least squares, as at least 200 individuals are
needed (Pérez and Esposito, 2010).

Most responses came from meat processing and canning
(97), followed by bakery and pasta (60) and then from fruit
and vegetable processing and preservation companies (46).
The fewest responses came from companies involved in fish
processing and preservation, as well as in the production of
vegetable and animal oil, since very few manufacturers in
Hungary carry out their main activities in this field. 44% of the
food companies are aware of and implement IR tools. While 54%
of respondents do not intend to make substantial investments,
and they hope to maintain the status quo by adjusting to market
demands. Keeping up with new developments and inventions is
critical for the group of inventors, which accounts for 38.9% of
those active in the Hungarian market for more than 5-10 years.
Most laggards are new businesses that lack the resources to grow
to the appropriate size (Erdei et al., 2021).

Applied methods

The research was conducted using partial least squares
path modeling (PLS-PM) and categorical principal component
analysis (CATPCA). CATPCA was used to highlight the
hypothetical model structure using the principals’ function of
the gifi package in R 3.4.4 software (R Core Team, 2022; RStudio
Team, 2022). The primary aim of the analysis was to combine
all the elements (items) in the same block into a single common
principal component and then calculate the correlation between
each principal component. CATPCA involves a technique called
optimal scaling, whereby numerical values are assigned to each
category and applied for further evaluation. Different levels of
measurement (e.g., nominal and ordinal scales) can be used in
the assessment without restriction, and values are assigned using
an iterative method called Alternating Least Squares (Linting
etal,, 2007). Kaiser Meier Oldkin’s (KMO) measure of sampling
adequacy was also used to assess the reliability of each principal
component by the KMO function of the “psych” package of the
R 3.4.4 software (Kaiser and Rice, 1974).

The partial least squares path model (PLS-PM) was
used in the next step to fit the hypotheses. In regression
models, multicollinearity is often a problem, removing highly
correlated variables and losing information (Chin, 1998).
Despite multicollinearity, the PLS technique can detect a
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system of structured mediating effects with multiple manifest
variables (Tenenhaus et al., 2005). Ramli et al. (2018) stated
that the PLS approach may be a better alternative to clustering
methods, especially in the case of many categorical predictors
and multicollinearity.

In this research, a reflective modeling approach was used for
latent constructs like ecological, economic and social factors and
a formative modeling approach was used for the profitability
indicators. Reflective modeling means that the latent construct
exists independently of the measures, the causality runs from the
construct to the indicators, and the elements do not substantially
change the content validity of the construct, whereas in
formative models the indicators are combinations that form the
composite latent variable. (Sarstedt et al., 2016). In order to
verify the modeling approach, principal component analysis was
used for testing the formative model and factor analysis was used
for testing the reflective model. Principal component analysis
and factor analysis were performed using the “principals” and
“fa” functions of the “psych” package in R 3.4.4 software (R Core
Team, 2022; RStudio Team, 2022).

Cronbach’s alpha can be used for checking the internal
consistency of indicators for each latent variable (Alpha > 0.7)
(Cronbach, 1951). The bootstrapping technique proposed by
Chin (1998) was used to validate the model with 500 replicates.
The model’s overall fit was measured using the Goodness of Fit
(GoF) test, where a GoF above 0.6 indicates an excellent model
fit (Tenenhaus et al., 2005). Dillon Goldstein’s rho indexes tested
the blocks” composite reliability (CR). The identified dimensions
should have a value above the recommended 0.7, and factor
loadings should exceed 0.6-0.7 (Hair et al.,, 2016). R? values
were calculated to assess the quality of the structural model,
where values of 0.02, 0.15, and 0.35 are classified as small,
medium or large effects (Cohen, 1988). The Fornell and Larcker
criterion was used to check the discriminant power of the model.
In addition, the average variance extracted (AVE > 0.5) was
used to assess discriminant validity in the study (Fornell and
Larcker, 1981). Model fitting and estimates were performed
using the'plspm’ package in R 3.4.4 (Kaiser and Rice, 1974).

Results

As a first step, four blocks were examined, i.e., ecological,
social, economic and business profitability performance
(Table 3). The Cronbach’s Alpha Value of the Scale Items Is
High and Acceptable, Especially for the Ecological Factor
(0.930). The Descriptive Statistics and the Cross and Factor
Loadings Are Examined After the Exclusion. The two Highest
Values per Block Were Obtained for ECOL5 and ECOL6; SOC4
and SOC5; ECON4 and ECON7. Only Those With a Value
of Around 0.7 or More Were Kept. Therefore, the Final Path
Model Excluded ECOL3, SOC1 SOC7 and ROI. After Exclusion,
Almost all Other Loadings in the Final Model Improved. The
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TABLE 3 Descriptive statistics, loadings, and composite reliability of the items.

Latent variable Manifest Mean/median Factor loading before Factor loading after Cross loadings
(Cronbach’s alpha) variables exclusion* exclusion* with PROF
Ecological (ECOL)
(0.938) ECOL1 3.75/4 0.792 0.791 0.459
ECOL2 3.85/4 0.852 0.859 0.521
ECOL3 3.42/4 0.622 -
ECOL4 3.91/4 0.976 0.977 0.638
ECOL5 3.91/4 0.975 0.977 0.640
ECOL6 3.94/5 0.967 0.969 0.645
ECOL7 3.93/4 0.939 0.943 0.581
ECOLS 3.92/4 0.938 0.943 0.582
Social (SOC)
(0.813) SOCl1 3.57/4 0.686 -
SOC2 2.71/3 0.707 0.733 0.408
SOC3 2.90/3 0.749 0.780 0.359
SOC4 3.14/3 0.813 0.833 0.416
SOC5 3.91/4 0.827 0.815 0.580
SOC6 3.07/3 0.700 0.738 0329
Neloyj 2.64/2 0517 -
SOC8 3.57/4 0.715 0.724 0.356
Economic (ECON)
(0.789) ECON1 3.76/4 0.717 0.717 0.541
ECON2 2.88/3 0.700 0.700 0.368
ECON3 3.81/4 0.786 0.783 0514
ECON4 4.12/4 0.871 0.871 0.555
ECONS5 321/3 0.744 0.744 0.419
ECON6 2.92/3 0.771 0.774 0.462
ECON7 4.08/4 0.878 0.878 0.609
ECONS8 4.00/4 0.773 0.773 0.525
Profitability (PROF)
(0.789) ROA 2.99/3 0.879 0.875 0.875
ROE 3.05/3 0.801 0.800 0.800
ROS 3.19/3 0.892 0.917 0.917
ROI 2.98/3 0.780 -

"ECOL3, SOC1 and SOC7 should be omitted from the final model due to low factor loadings before exclusion, but PROF4 should be omitted from the final model after exclusion of ECOL3,

SOC1, SOC7 due to low factor loading (0.340).
Source: Authors’ compilation.

Ecological Dimension (ECOL) Is Best Described by “Recycling”
and “Packaging® Items (0.977). The Latent Social Variable
(SOC) Is Mainly Correlated With "Robots Displace Manual
Labor® (0.833), While the Economic Variable (ECON) Is Best
Correlated With "Producing Quality Products® (0.871) and
”Competitiveness” (0.878). Cross Loadings Are Lower for all
Items Compared to PROF.

In the Subsequent Analysis Stage, a Preliminary CATPCA
Analysis Was Carried out on all the Items in the Same Block
to Reduce the Dataset and Generate Latent Variables. Table 4
Presents the Reliability Measures and Pearson Correlations
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Between the Principal Components. The Lower Triangular
Matrix Shows the Correlation Coeflicients, While the Upper
one Shows the Corresponding p-Values in Parentheses. On the
one Hand, the Total Measure of Sampling Adequacy (MSA)
Values Measured by KMOs Were Higher Than the Required
Value of 0.7. On the Other Hand, the Explained Variances (%)
Were Above the Required Level of 50 %. The Best Correlation
Between ECOL and ECON (0.721) Was Found, but ECOL
Was Also Strongly Correlated With the SOC (0.613). Regarding
the Correlation With PROF, the Best Relationship Was Found
Between ECON and PROF (0.374).
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Based on the results of the CATPCA analysis and the
literature review, the following path model could be constructed
(see Figure 2). Figure 2 shows the parameter estimates of
the models.

A bootstrap simulation was used to validate the parameters
estimated by the mean and standard errors of the path
coeflicients. Only path coefficients with a standard error of 50%
or less of the mean were considered statistically significant. Not
all relationships were significant, as formerly assumed based
on the CATPCA results. The PLS-PM model considered the
direct relationship between ECON and PROF, and the path
coeflicients of ECOL, SOC to PROF irrelevant based on the p-
values, pseudo t-statistics, and standard errors. The sustainable
economic dimension positively impacts on corporate business
returns. In other words, the effects of increased IR factors tend
to be resulted in more profitable food manufacturing companies.

TABLE 4 Squared correlations of CATPCA components.

Block ECOL SOC ECON PROF
ECOL (<0.001) (<0.001) (<0.001)
SOC 0.613 (<0.001) (<0.001)
ECON 0.721 0.516 (<0.001)
PROF 0.350 0.279 0.374

MSA* 0.860 0.824 0.761 0.878
ExplainedVariance (%) 79.8 52.8 61.85 71.18

"MSA, measure of sampling adequacy (Kaiser-Meier-Oldkin value).
Source: Authors’ compilation.

10.3389/fsufs.2022.1034010

Likewise, the clearest direct relationship is found between SOC
and ECOL (B = 0.822; SE = 0.070; t = 11.74; p < 0.001),
and reciprocal (B = 0.816; SE = 0.073; t = 11.18; p < 0.001).
However, ECOL will also be strongly directly related to ECON
(B=0.806; SE=0.111; t = 7.26; p < 0.001), which has a positive
impact on business profitability (B = 0.381; SE = 0.226; t = 1.69;
p =0.047).

The overall model showed an excellent global fit, and the
internal and external model quality was excellent, as the GoF
was 0.649. The main diagonal of the numbered columns of
the matrix is shown in Table 5. The AVE values are in italics,
which express the percentage of the variance of the items
explained by a given latent variable (LV). The squared Pearson
correlation coefficients are given below the main diagonal. In
contrast, the correlation coeflicients’ significances (i.e., p-values
in parentheses) are shown above the main diagonal. It is evident
from the AVE values that each LV explained at least 50% of
the variance of the items on average. Discriminant validity was
also satisfactory, as the correlations for each LV were lower
than the AVE values. The proportion of variance explained by
the coefficient of determination (R?) in these regressions was
significant. R? values were large, the Dillon-Goldstein rho was
above 0.7, and the AVE (Average Variance Extracted) values
were also acceptable and more significant than 0.5. The last
two columns of Table 5 justified the modeling approach. The
reflective model was tested throughout a factor analysis, while
a principal component analysis tested the formative one. The
explained variances of creating a single factor or component
were not significantly different except in the Profitability latent
variable case. On the other hand, when the model was run with

[ socz2| [socs | [soca |[socs | socs|| socs |

0.381**

[EcoL1 |[Ecor2||EcoL4|[ECcOLs |[ECOL6 |[ECOL7| [ECOLS |

FIGURE 2

The final path model and coefficient estimates. **: p < 0.05.***: p < 0.001. Source: Authors’ compilation.
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TABLE 5 Reliability measures of PLS-PM components.

10.3389/fsufs.2022.1034010

Latent variable ECOL SOC ECON PROF R? DG rho* Reflective Formative
model model
test** testt**

(variance%) (variance%)

ECOL 0.856 (<0.001) (<0.001) (<0.001) 0.676 0.950 64 68

SOC 0.666 0.598 (<0.001) (<0.001) 0.666 0.867 37 43

ECON 0.779 0.565 0.611 (<0.001) 0.782 0.844 35 41

PROF 0.399 0.298 0.415 0.591 0.434 - 49 61

DG rho: Dillon-Goldstein’s rho is used to measure the composite reliability. **Proportion of variance from a factor analysis using one factor; " Proportion of variance from a simple

principal component analysis using one component.

Source: Authors’ compilation. The primary diagonal of the matrix’s numbered columns is highlighted in bold.

TABLE 6 Total, direct, and indirect effects of the path models.

Relationship Direct path coefficient Indirect path coefficient Total effects Std. error t statistic p value
SOC->ECOL 0.822°* 0.822% 0.070 11.743 <0.001
ECOL->SOC 0.816°* 0.816°* 0.073 11.178 <0.001
ECOL->ECON 0.806** 0.077 0.883*** 0.075 11.773 <0.001
ECOL->PROF 0.252 0.754+%% 1.007* 0.170 5.924 <0.001
SOC->ECON 0.094 0.726%% 0.820%** 0.075 10.933 <0.001
SOC->PROF 0.054 0.557+% 0.610%** 0.135 4519 <0.001
ECON->PROF 0.381% 0.381% 0.226 1.686 0.047

"p <0.001; " p < 0.05. Std. errors were estimated using the bootstrap validation.
Source: Authors’ compilation.

only formative relationships, the goodness and interpretability
were decreased to a large extent.

The main advantage of PLS-PM is the ability to distinguish
between direct, indirect and aggregate (total) effects on
the outcome variable, i.e., corporate profitability (Table 6).
Examining the direct and indirect relationships revealed that
ECOL and SOC indirectly affect PROE, and the direct effects
were insignificant. The strongest relationship of total effect was
found between ECOL and ECON (total = 0.883; SE = 0.075;
t = 11.77; p < 0.001). Among the factors influencing PROEF,
ECOL had the largest total effect (total = 1.007; SE = 0.170; ¢
= 5.92; p < 0.001), followed by SOC (total = 0.610; SE = 0.135;
t = 4.52; p < 0.001) and ECON (total = 0.381; SE = 0.226; ¢
= 1.69; p = 0.047). Regarding percentages, ECOL has a 66%
effect on profitability, while SOC and ECON have a 24% and 9%
influence, respectively.

Table 7 shows that only hypotheses H1 and H4a are
supported in order at the 5% significance level. Rucker
et al. (1986) showed that the smaller the sample, the more
appropriate it is to set a more stringent p-value. Only the
livable path (ECOL-ECON) and a sustainable path (SOC-ECOL-
ECON) significantly impacted corporate profitability (PROF).
Consequently, the food producing businesses whose managers
think along the viable and sustainable path tend to be more
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profitable. The livable path or indirect (mediating) effects of
economic (ECON) factors strengthened the positive (0.307***
= 0.806 x 0.381) effect on profitability. Also, the latent
economic variable fully mediates (strengthens) the ecological
factor’s (ECOL) effect on profitability (PROF). It plays an
intermediate role in the positive relationship between the
independent and dependent variables. H1 accepted. Thus, the
sustainable path hypotheses focus on how the independent
(sustainable IR specific) factors affect the dependent variable
(profitability) through one or more potential intervening
variables or mediators. Only the positive impact of social
variables (SOC) on corporate profitability is fully mediated and
strengthened by the ECOL and ECON IR dimensions (0.252 =
0.822%0.806*0.381). However, the direct effect of social factors
on profitability is insignificant, whereas the indirect effect of
SOC and PROF was substantial. H4a is accepted, and H4b
should be rejected.

Discussion

The primary objective was to identify the direct and indirect
impacts of sustainable dimensions, i.e., ecological, economic,

frontiersin.org


https://doi.org/10.3389/fsufs.2022.1034010
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org

Maté et al.

10.3389/fsufs.2022.1034010

TABLE 7 Total, direct, and indirect effects of the path models related to SD and hypotheses.

Name Paths Coeflicient
Livable ECOL-ECON-PROF 0.307**
Fair SOC-ECON-PROF 0.036
Tolerable SOC-ECOL-PROF 0.207
ECOL-SOC-PROF 0.044
Sustainable SOC-ECOL-ECON-PROF 0.252%%*
ECOL-SOC-ECON-PROF 0.029

"p <0.001;"p < 0.05. Std. errors were estimated using the bootstrap validation.
Source: Authors’ compilation.

and social factors that can contribute to increased corporate
profitability through IR technologies.

The study found that the economic IR dimension positively
impacts corporate profitability. Another important finding
was that ecological factors substantially effect on profitability,
while social and economic factors have fewer impacts than
environmental ones. Interestingly, in all cases of this study,
only the livable path and one sustainable path significantly
impacted food corporate profitability. In other words, food
manufacturing businesses whose managers think along these
lines tend to be more profitable. The economic factor positively
mediates the impacts of the environmental dimension on
corporate returns. Furthermore, the ecological and economic
factors strengthened the positive impact of the social dimension
on corporate profitability. In summary, the sustainable IR
approach proposed in this analysis is an original and useful
tool for the evaluation of food corporate performance in three
dimensions: economic, social and environmental. However,
with small sample size, caution must be applied, as the findings
might not be transferable to entire industries.

There are several possible explanations for these results. The
findings further support the idea of the circular economy that
ensures an equal distribution of resources so that companies
operate efficiently and effectively, the environment is preserved
and is able to regenerate for the future (Jorgensen and Pedersen,
2018). Sustainability and ecological impact have become
increasingly critical differentiating factors between competing
products and services. Consumer Social Responsibility (CSR)
initiatives with green, healthy products and services can have
an impact on business processes, such as the entire supply
chain processes and product life-cycles (Nazzaro et al., 2020).
The circular economy aims to increase productivity through
more efficient use of natural resources and ecosystems to keep
products at their highest value (Pajula et al., 2017).

The findings of the study provide useful implications
for theorists, policy makers and practitioners alike, as they
contribute to the debate on the role of the IR in considering
sustainability in the success of agri-food companies. The
CS concerns, which may conflict with corporate profitability
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Std. Error t statistic p value Hypotheses
0.157 1.952 0.026 H1 accepted
0.207 0.173 0.431 H2 rejected
0.136 1.527 0.064 H3a rejected
0.079 0.558 0.289 H3b rejected
0.129 1.957 0.026 H4a accepted
0.138 0.211 0.417 H4b rejected
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objectives, are not ignored. Instead, conflicting sustainability
factors are juxtaposed without highlighting one as the
‘better solution” (Hahn et al., 2018). Results keeps the door
open to the performance paradox and serves as a call
for simultaneous action on various economic, social and
environmental issues. The paradoxical approach does not mean
that firms abandon the profit-driven strategy. Instead, paradox
resolution refers to a deliberate iteration between alternatives
to gain equal attention over time (Smith and Lewis, 2011). The
paradoxical perspective creates scope for meaningful corporate
contributions to sustainable development by purposefully
balancing and combining instrumental (IR) initiatives where
companies addressing environmental and social issues bring
business benefits (Hahn et al., 2016).

CS paradox perspective also suggest that society, businesses,
logistics providers and consumers must work together to achieve
sustainable outcomes that improve overall financial, social,
economic and environmental performance (Agyabeng-Mensah
et al,, 2020). A possible explanation for these results could be
that sustainability enhances operating performance, efficiency
and effectiveness, minimizes resource use and costs, and benefits
society by offering less harmful products and (ICT) services in
the most diminutive possible form (Biagi and Falk, 2017). Tsai
(2018) has developed a model using 5IR techniques of green
production planning and control to maximize profits and reduce
carbon emissions, recycling and waste reuse through activity-
based costing, which has already been proven in paper, printing
and textiles industries, but is also promising in the food sector.

The present results are significant in at least two major
respects. Firstly, ecological factors may play a more crucial
role in the profitability of the food industry than in other
industries, as the sector is highly vulnerable to scarcity of natural
and food resources due to climate change (Leisner, 2020).
Involving farmers in sustainable agricultural practices and
applying food innovations can contribute to resilient economic
and employment recovery, avoiding land abandonment and
environmental degradation (Pancino et al., 2019). Further
factors, e.g., sustainable, innovative approaches, can be
integrated to allow food plants to use waste to feed the energy
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system, such as coal-fired power plants, instead of further
deforestation (Chen et al., 2020). On the other hand, the focus
shift from technology-driven advancement to a human-centric
approach is one of the most substantial paradigmatic transitions
defining 5IR (Breque et al, 2021). It implies that the food
manufacturing sector must consider societal restrictions
relating to a healthy and safe working environment, respect for
human rights, and the qualifications needed for employees. The
evolving position of the industrial worker and the narrative
surrounding them suggest that the employer is interested
in investing in their workforce’s talents, skills, and general
wellbeing to meet their goals for profitability. Measures of the
social dimension of the path models focus on human-machine
interactions such as employment, poverty and gender equality
and do not take into account the importance of food security
issues. However, social IR dimension has crucial impact on
profitability by providing affordable access to certain foods
and services to achieve competitiveness by making production
processes more efficient and improving economic performance
and market position (Stanco et al, 2020). Consequently,
sustainable IR will bring positive results, both in terms of
consumer reactions and of producers, who will pay more
attention to working conditions and the quality, wholeness and
origin of food (Vermeir et al.,, 2020). Some of other findings
relate specifically to the different accounting standards and
legal regimes that significantly impact companies’ investment
opportunities. For instance, corporate taxation incentives,
preferential loans and subsidies contribute even more to
encouraging food producing companies and accomplishing
higher revenues (Kostakis et al., 2016).

Further research is needed to examine how should
managers make decisions to balance the different dimensions
of sustainability in IR investments to stay profitable. This
empirical framework provides guidance for research on how
sustainable venture capital can help startups and nascent
entrepreneurs succeed. Sustainable entrepreneurs seek to
address economic prosperity, social justice and ecological
resilience through entrepreneurial behavior (Bocken, 2015).
Sustainable entrepreneurship is about preserving nature,
ecosystems and communities while creating benefits for
individuals, the economy and society (Rosario et al., 2022).

Conclusions

The present study was designed to determine the impacts
of sustainable IR factors from economic, social and ecological
perspectives in the food production sector, where appropriate
supply utilization and minimal adverse environmental impacts
are crucial for the future. The main objective of the study was
to propose explanations for analyzing how each sustainability
pathways can contribute to higher corporate profitability.
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This research was conducted with quantitative models using
partial least squares path modeling (PLS-PM) and categorical
principal component analysis (CATPCA). The advantage of
CATPCA implies an optimal scaling technique, whereby
numerical values are assigned to each category and applied for
further evaluation. PLS-PM is mainly used to develop theories
for exploratory research (Henseler et al., 2016). The method is
recommended for cases such as lower sample size requirements,
easier testing of direct and mediating (indirect) relationships and
built-in ability to handle formative indicators (Sarstedt et al.,
2016).

The present study makes several noteworthy contributions
to the CS literature. This study has shown that the livable
and sustainable path hypotheses can be confirmed. However,
the economic dimension of sustainable IR impacts positively
and significantly on corporate profitability. The ecological and
economic factors mediate and strengthen the positive impact
of the social dimension on corporate profitability. Contrary to
previous approaches (Yolles, 2018), it is not only the natural
environment that determines the structure and functioning of
society, and the economy must respond to it. The results suggest
that this sustainable path is one where the environment and
the economy determine the functioning of societies. Together,
these results suggest that sustainability through IR plays a crucial
role in improving food manufacturing companies’ profitability.
However, decision-makers should not wait for sustainability
to emerge but consciously embrace it. The transition into
sustainability is a long journey, full of questions, but it provides
a direction for the necessary changes (Kot et al., 2019).

The results support the idea that sustainable development
requires responsible financial management for changes in the
global food systems, affecting farmers, food supply chains,
production companies, different food production systems and
local ecologies, and the diversity of food traditions and cultures
(Bhat and Joudu, 2019). Another crucial practical implication
confirms that adopting IR tools support improved business
performance (Kovacs and Kot, 2016; Rajnoha et al., 2017).
Internet of Things (IoT), e.g., Big Data, RFID, helps managers
study internal and external factors that significantly impact sales
and profits (Nagy et al., 2018). For similar efforts (see SOC,
ECOL linkage), by extending paths from multiple directions and
path models, the techniques used in this paper can be applied to
other indirect links in any field of the social sciences.

Finally, several limitations need to be considered. First,
the study is limited by the lack of information on the
Hungarian sectoral case, which restricts the generalizability of
the results. The omitted variables bias is a major limitation
of this study, as the variables included in the models reflect
only subjective selections and do not provide a complete
picture of IR sustainability factors. We urge researchers to
evaluate additional interactions in the context of agri-food
industry, such as hunger reduction, water pollution, and soil
degradation, as vital social and ecological factors related to
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food security and climate change. In the future, researchers
should look at organizations from different industries to better
understand the dimensions of sustainability and the impact
of technological changes. The data collection method used
in this study was an opinion-based survey, which suffers
from the potential problem of common method bias, which
describes measurement error exacerbated by the conscious
perceptions of respondents who choose to provide only positive
responses (Chang et al, 2010). The most crucial concern is
that the study used a cross-sectional approach, which limits
the conclusions that can be drawn. The effects of food and
energy crises caused by the current war conflicts are not
reflected. The current study has only examined the profitability
performance and expected returns of food manufacturing
companies. More research is required to determine the
usefulness of such vital financial indicators as liquidity, efficiency
and leverage.
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