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Abstract

This thesis investigates the integral roles of Food Safety and Environmental Management
within the wine industry's sustainability framework in the context of the European
Commission's Farm to Fork Strategy, part of the ambitious European Green Deal. With the
global imperative for sustainable agriculture intensifying, the wine sector presents a
unique case for embedding eco-friendly practices that not only ensure its longevity but
also foster environmental awareness. Through rigorous empirical analysis, this research
unveils a high adoption rate of Hazard Analysis and Critical Control Points systems
alongside Environmental Management Systems within wineries, marking a significant
shift towards sustainable operations. However, it also exposes a critical need for an
enhanced focus on food safety performance and environmental management by wineries
to advance towards sustainability in wine production. By proposing a “sustainability
matrix” as a quantitative evaluation tool, this work illuminates the performance of
wineries with respect to Food Safety and Environmental Management standards,
highlighting the need for their integrated application with other components linked to its
value chain aimed at achieving an improvement in the overall sustainability of the wine
sector. The findings advocate for a unified approach to Food Safety and Environmental
Management practices, highlighting their indispensability in achieving broader
sustainability goals. Offering actionable insights, this thesis serves as a valuable resource
for policymakers, industry stakeholders, and scholars dedicated to advancing
environmental resilience and sustainability in agricultural practices, particularly within

the viticulture domain.

iv



Resumen

Esta tesis investiga los roles integrales de la Seguridad Alimentaria y la Gestion Ambiental
dentro del marco de sostenibilidad de la industria vinicola en el contexto de la Estrategia
“De la Granja a la Mesa” de la Comisién Europea, como parte del ambicioso Pacto Verde
Europeo. Con el imperativo global para la agricultura sostenible intensificaAndose, el sector
del vino presenta un caso unico para la incorporacién de practicas ecolégicas que no solo
aseguran su longevidad, sino que también fomentan el compromiso ambiental. A través
de un andlisis empirico riguroso, esta investigacién revela una alta tasa de adopcién de
sistemas de Andlisis de Peligros y Puntos Criticos de Control junto con Sistemas de Gestion
Ambiental dentro de las bodegas, marcando un cambio significativo hacia operaciones
sostenibles. Sin embargo, también expone una necesidad critica de un enfoque mejorado
en el desempefio de la seguridad alimentaria y la gestion ambiental por parte de las
bodegas para avanzar hacia la sostenibilidad en la produccién de vino. Al proponer una
“matriz de sostenibilidad” como herramienta de evaluacién cuantitativa, este trabajo
arroja luz sobre el rendimiento de las bodegas respecto a los estandares de Seguridad
Alimentaria y Gestién Ambiental, subrayando la necesidad de su aplicacién integrada con
otros componentes vinculados a su cadena de valor dirigida a conseguir una mejora de la
sostenibilidad global del sector vitivinicola. Los hallazgos abogan por un enfoque
unificado de practicas de Seguridad Alimentaria y Gestion Ambiental, resaltando su
indispensabilidad para alcanzar objetivos de sostenibilidad mas amplios. Ofreciendo
informacién practica, esta tesis sirve como un recurso valioso para formuladores de
politicas, partes interesadas de la industria y académicos dedicados a avanzar en la
resiliencia ambiental y 1a sostenibilidad en practicas agricolas, particularmente dentro del

dominio de la viticultura.
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Introduction

1 Introduction

1.1 Origin of this thesis

In the face of mounting environmental and social challenges, the sustainability of agrifood
production has emerged as a pressing global priority (McGreevy et al., 2022). Despite
significant strides in reducing the sector's environmental impact—evidenced by a 20%
reduction in greenhouse gas emissions and a 17.7% decrease in nitrates in rivers since
1990 (European Commission, 2019a), the agrifood industry continues to grapple with
inefficiencies and unsustainable practices. Notably, 20% of food produced in the
European Union goes to waste, highlighting the urgent need for comprehensive reform
(European Commission, 2019a). This research focuses on the indispensable roles of Food
Safety (FS) and Environmental Management (EM) within the Agrifood Supply Chain
(ASC), underpinned by the European Commission's Farm to Fork (F2F) Strategy. Through
this lens, the research advocates for a comprehensive approach to achieving a sustainable,

resilient, and environmentally friendly food system.

Agrifood production continues to exert substantial pressure on natural resources and
ecosystems, underscoring the imperative for sustainable transformation. Numerous
studies illustrate instances of environmental harm or foodborne illnesses attributable to
inadequate agro-industrial practices, overuse of chemicals and the contamination of food
and ecosystems that represent significant health risks and environmental challenges
(Bisht & Chauhan, 2020; Dhuldhaj, Singh, & Singh, 2023; Gallo, Ferrara, Calogero,
Montesano, & Naviglio, 2020; Hou et al., 2020; Jallow, Xie, Tang, Qi, & Li, 2021; Munishi,
Ndakidemi, Blake, Comber, & Hutchinson, 2021; Rajkovic et al., 2020; Sarker et al., 2022;
Srivastav, 2020; Todd, 2020). These issues are compounded by inefficiencies leading to
substantial food waste, further exacerbating the environmental footprint of food

production.

The growing attention to the need for change in agrifood industry is reflected in the 2030
Agenda for Sustainable Development and in its Sustainable Development Goals (SDGs)
(Bartolucci et al., 2020; Griggs et al., 2014). Specifically, Sustainable Development Goal 9
“Build resilient infrastructure, promote inclusive and sustainable industrialization and

foster innovation” and its Target 9.4 address to upgrade all industries and infrastructures



Introduction

for sustainability (United Nations, 2015). Major transformations are needed to promote
sustainability, to avoid food waste, and generate a change towards healthy nutrition and
safeguarding human health (Fischer & Miglietta, 2020). It is mandatory to propose forms
of food production that are compatible with the conservation of the environment, that is,
agro-industrial production methods that generate less degradation of ecosystems and
natural resources, while guaranteeing food security and healthy nutrition for consumers

(Dobermann, Swift, & Field, 2013).

The European Commission's Farm to Fork (F2F), a key component of the European Green
Deal, signifies a comprehensive commitment to reforming the food system. Prioritizing
sustainability, this strategy encompasses a broad spectrum of initiatives aimed at
reducing environmental impact, promoting biodiversity, and ensuring food safety
throughout the supply chain (European Commission, 2019b). F2F Strategy specifically
focuses on the food system, aiming to make it more sustainable, resilient, and
environmentally friendly. F2F Strategy prioritizes sustainability in agriculture,
emphasizing environmentally conscious practices, biodiversity preservation, and climate
change mitigation. It also aims to ensure high food safety standards across the food supply
chain, reduce the use of chemical pesticides and fertilizers, promote the transition to
organic farming, and encourage a circular economy in the food sector, thereby minimizing
waste and optimizing resource utilization (Billen et al., 2024; Schebesta, Bernaz, & Macchi,

2020).

The effective integration of FS and EM within the Agrifood Supply Chain (ASC) is
fundamental to achieving sustainable outcomes as ensuring consumer health and
reducing environmental impact aligned with the F2F. Despite notable advancements, the
concurrent achievement of FS and EM objectives remains a challenge, highlighting a
significant knowledge gap in practical their implementation strategies within the
agrifood industry. Certain shortcomings are evident concerning the practical application
of FS and EM in the industry's food production processes, the essential components
required for optimal FS and EM performance, and the industry's strengths and

vulnerabilities in utilizing tools designed to secure satisfactory FS and EM outcomes.

FS and EM are essential elements that contribute to one of the five components of the ASC

sustainability. According to Aramyan (2007), sustainability arises from four dimensions
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of ASC Performance (Aramyan, Oude Lansink, van der Vorst, & van Kooten, 2007). This
chain encompasses all activities involved in agricultural food handling, from producers
and farmers to customers (Mangla et al, 2018). Aramyan identified four primary
categories of performance dimensions: efficiency, flexibility, responsiveness, and food
quality. Additionally, a category was introduced to encompass a wide range of
complementary critical aspects reflecting the social and environmental dimensions of
sustainability (Varsei, Soosay, Fahimnia, & Sarkis, 2014). Gold (2017) further specified
the sustainability dimension by incorporating indicators such as local living conditions,
labour rights, land rights, FS, end-of-life valorisation through biomass recycling, and

environmental issues (Gold, Kunz, & Reiner, 2017).

The wine industry serves as a pertinent example of the broader ASC, embodying both the
challenges and opportunities associated with sustainable production. Wine production, a
significant sector within agrifood, faces unique sustainability challenges, including water
use, chemical management, and biodiversity conservation. Simultaneously, it presents
opportunities for innovation and sustainable practice implementation, particularly in
areas such as organic viticulture and waste management. From the consumers viewpoint,
credibility and transparency regarding sustainable practices are increasingly influencing
purchasing decisions (Gold, Kunz, & Reiner, 2017). This is particularly evident in the wine
industry, where consumers are showing a preference for products that demonstrate a

commitment to environmental stewardship and social responsibility.

1.2 The Food Safety and Environmental Management general concepts

FS occurs when people have permanent access to enough amounts of safe and nutritious
food to sustaining life and promoting good health (Kiferstein & Abdussalam, 1999;
Regional Committee for the Eastern Mediterranean, 1999). This concept has been
growing in importance over the last decades, extending not only to food but also to all
links in the food chain, from primary production through the processes of transformation,
manufacturing, handling, and packaging to sale to consumers and the preparation of food
by the final consumer. Hazard Analysis Critical Control Point (HACCP) method is widely
recognized internationally, and it is a systematic approach to FS Management Systems
(FSMS). It aims to establish effective FS practices through compliance with its principles,

which consist of seven steps designed to identify and manage FS hazards (Mortimore &
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Wallace, 2013). Furthermore, HACCP requires the implementation of appropriate
corrective measures when necessary and the availability of a documentation system for

record-keeping purposes (Gehring & Kirkpatrick, 2020).

EM is defined as a multi-layered process associated with the interaction of state and non-
state environmental managers with the environment and with each other. Environmental
managers are those whose livelihood is primarily dependent on the application of skill in
the active and self-conscious, direct, or indirect, manipulation of the environment with
the aim of enhancing predictability in a context of social and environmental uncertainty
(Geoff A. Wilson & Raymond L. Bryant, 1997). EMS refers to a set of procedures, rules, and
evidence-based practices that organizations establish to mitigate the environmental
impacts associated with their activities (Barla, 2007). This approach is widely adopted by
many companies globally (Marimon, Llach, & Bernardo, 2011; Neves, Salgado, & Beijo,
2017). International Organization for Standardization (ISO) 14001:2015 standard is often
used as the basis for EMS implementation, serving as a proactive EM tool (Summers
Raines, 2002). By adopting EMS, organizations can effectively manage their

environmental impacts and enhance their environmental performance.

1.3 A wine sector overview

The wine sector exhibits extensive variety and a significant presence on the global stage.
Dramatic shifts have taken place over the last five decades in vineyard coverage, the
economic value of production, and patterns in market demand and consumer behaviour
International Organisation of Vine and Wine, 2021; Pomarici, 2016). Internationally,
upwards of 40% of all wine consumed is sourced from international imports (Anderson,
Nelgen, & Pinilla, 2017), with the European Union dominating as the foremost exporter,
responsible for 70% of global wine exports (International Organisation of Vine and Wine,

2021).

The worldwide expanse dedicated to vine cultivation stood at 7.3 million hectares in
2020, which includes areas allocated for the making of wine and juices, cultivation of table
grapes and raisins, and immature vineyards awaiting their first production cycle
(International Organisation of Vine and Wine, 2021). Wine grape cultivation accounts for

about 55% of this total land use. In the same year, the total wine output reached 260
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million hectolitres, with Italy, Spain, France, and the United States leading as the major

wine-producing countries (International Organisation of Vine and Wine, 2021).

In the late 1970s, the global expanse of vineyards reached a pinnacle, averaging 10.2
million hectares from 1975 to 1980 (Anderson et al,, 2017). This era of expansion was
followed by a notable decrease in vineyard areas, particularly in the "Old World" wine
countries such as France, Spain, Italy, and Portugal, leading to a shift in the global
landscape. By the 1980s, Europe accounted for 70% of the worldwide vineyard area, but
this proportion dropped to around 50% by 2019 (Anderson et al., 2017). This change was
partly due to EU policies between 2008 and 2011 aimed at reducing wine surplus,
alongside growth in vineyard areas in countries like Chile, Australia, South Africa, New
Zealand, and China. This period also saw a dynamic expansion in the international wine
market, with trade volume increasing by about 80% and trade value doubling from 2000

to 2020.

As the global market evolved, traditional wine-producing nations experienced a decline
in market share, challenged by New World countries that have been scaling up their
production, improving quality, and refining their branding. Countries such as Chile and
New Zealand have notably enhanced their competitive edge, demonstrating a keen ability
to respond to market needs (Anderson et al,, 2017; Organisation Internationale de la
Vigne et du Vin, 2022; Pomarici, 2016). The financial crisis of 2008 led to a stabilization
in global wine consumption, which has hovered between 240-245 million hectolitres
since 2009, albeit with a minor drop to 234 million hectolitres in 2020, marking a 3%
reduction from the previous year (International Organisation of Vine and Wine, 2021).
Despite these changes, the United States has continued to lead as the primary wine
consumer globally, with 33 million hectolitres in 2020, surpassing France (24.7 million

hL) and Italy (24.5 million hL) (International Organisation of Vine and Wine, 2021).

The 2022 global wine production, despite a heatwave affecting various regions, was like
the previous year's, marking the fourth consecutive year of slightly below-average
production. In the EU, balanced outputs from Italy, France, and Germany offset lower
yields in Spain and Greece, affected by summer heatwaves. The USA expected a minor
decrease in production from 2021. Notably, New Zealand achieved its largest production

ever due to favourable climatic conditions. Overall, global wine production was slightly
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below its 20-year average, with early harvests and average volumes reported, yet good

quality expected (Organisation Internationale de la Vigne et du Vin, 2022).

Expanding on the wine domain, the industry not only caters to traditional wine
enthusiasts but also explores innovative blends and organic wine varieties, catering to a
growing segment of health-conscious consumers. The evolution of wine tourism has
added another dimension to the industry, inviting enthusiasts to experience vineyards
and wineries firsthand, further enriching the global wine culture. Moreover, the advent of
technology in viticulture and enology has introduced sophisticated methods of
production and preservation, enhancing both the quality and sustainability of wine
production. Wine production is an integral food chain part and, as such, is closely related

to the sustainability of the food chain.

In the EU, wine sector contributed €130 billion to the EU's GDP in 2022, accounting for
0.8% of the total GDP, with wine exports valued at €17.9 billion, demonstrating the
sector's substantial role in international trade and its contribution to reducing the EU’s
trade deficit. Employment within the sector was notable, generating 2.9 million jobs,
which is about 1.4% of EU employment, indicating an elevated level of productivity and
added value per employee. The wine industry's commitment to research and
development was evident with an investment of over €1.1 billion, funding projects across
viniculture, sustainability, and product innovation, among others, which accounted for
0.3% of the total EU R&D investment. Fiscal contributions from the sector were nearly
€52 billion in 2022, underlining its significance in supporting public finances through
social contributions and personal income tax (Comité Européen des Entreprises Vins, -

CEEV, 2024).

1.4 How the wine is made: The winemaking process

Wine production involves the grapes cultivation, the transformation of grapes into wine,
and the distribution and commercialization of the final product (Robertson, 2006).
Overall, the production of wine is a crucial component of the food chain, and its
sustainability is paramount to ensure the long-term viability of the food system. By

recognizing the impact of each stage of wine production on the sustainability of the food
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chain and implementing appropriate measures, we can promote responsible wine

production and consumption and contribute to a more sustainable future.

Vineyards cultivation can be a significant source of negative environmental impacts. Use
of pesticides and chemical fertilizers in vineyard agriculture can impact the quality of soil
and water, which in turn can affect human health and the local ecosystem (Andersson &
Nilsson, 1972; Yang et al., 2022). The presence of these contaminants in the wine itself
can pose a risk to consumers (Chen, C. et al, 1997; Flora, Flora, & Saxena, 2006).
Therefore, it is vital to monitor the entire wine production process carefully and ensure
that all materials used meet strict safety standards. Additionally, wine production may
require substantial amounts of water, which can be problematic in regions where water

is scarce (Fraga, Malheiro, Moutinho-Pereira, & Santos, 2012).

The transformation of grapes into wine can also have a significant environmental impact.
Fermentation and aging processes may require copious amounts of energy, which can
contribute to greenhouse gas emissions (Colman & Paster, 2009). Additionally, wine
production generates liquid and solid waste that can contaminate the environment if not
properly managed (Kosseva, 2017). These waste products such as grape skins and stems,
which can potentially harbour harmful bacteria and other contaminants that could
contaminate the wine as a product and affect consumer’s health. Grapes, must, and wines
are susceptible to several safety hazards. These FS risks include physical (metal parts,
glass, insects), chemical (pesticide residues, heavy metal residues, urea), and
microbiological (pathogens) hazards affecting the health of consumers (Christaki & Tzia,
2002). Hazards that appear in wine production may come from the environment,
processing equipment, and workers of the winery. Nevertheless, the two common causes
of major FS incidents are those related to undeclared allergens and cross-contamination
(Lee, J. C. et al, 2021). Hygienic conditions and practices are required to prevent the

introduction of hazardous agents.

Distribution and commercialization of wine can also have significant impacts on the
sustainability of the food chain. Transport and storage of wine can generate greenhouse
gas emissions, and glass packaging can have an impact on the environment if not properly

recycled (Point, Tyedmers, & Naugler, 2012).
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The winemaking process follows appropriate steps along with the addition of certain
additives, such as sulphur dioxide, tartaric acid, or egg albumin (Robertson, 2006). The
wines are manufactured using a common generic process but with some variations
depending on the type of wine that is being produced. In the European Union, these
oenological practices are regulated by European Commission (EC) Regulations n°
423/2008, n° 479/2008, and n° 606/2009 (European Commission, (2008), 2008;
European Commission, (2009), 2009; European Council, 2008).

The process of making red wine begins when grapes are harvested and transported to the
winery. Grapes are crushed and stemmed, obtaining a semi-liquid composed of skins,
seeds, pulp, musts, and scrapes. Subsequently, it receives corrections such as the addition
of sulphur dioxide to obtain an antioxidant and an antiseptic effect. All these additives are
regulated in the EU by EC Regulations n°® 1333/2008, n° 1129/2011, and n° 1130/2011
(European Commission, (2011), 2011a; European Commission, (2011),2011b ; European

Parliament & European Council, 2008).

Large vats are where alcoholic fermentation occurs as yeasts trigger the conversion of
sugars into ethanol (Miller & Block, 2020). Simultaneously, maceration and fermentation
processes take place (Casassa & Harbertson, 2014; Setford, Jeffery, Grbin, & Mubhlack,
2017). The liquid part of the grape, referred to as must-wine, undergoes transformation
during the fermentation process while also exchanging components with the solid parts
of the grapes. Extraction of anthocyanins from the skins is crucial as they provide the final
red colour of wines (He et al., 2012; Metivier, Francis, & Clydesdale, 1980; Romero-
Cascales, Fernandez-Fernandez, Lépez-Roca, & Goémez-Plaza, 2005). The duration of
alcoholic fermentation depends on the temperature, ranging from 10 to 20 days

(Sablayrolles, 2009).

The drawing off of the vat signals the onset of malolactic fermentation, where lactic
bacteria transform malic acid into lactic acid (Davis, Wibowo, Eschenbruch, Lee, & Fleet,
1985). This process stabilizes the wine, impeding the growth of harmful bacteria
(Lonvaud-Funel, 1999). Any particles present, such as yeasts, solids, or organic matter,

settle and accumulate at the bottom of the vat, collectively termed as "wine waste".
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Racking is employed to avoid any contact between the wine and the "wine waste," which
could compromise the wine's organoleptic properties. Clarifying or colloidal substances,
such as egg albumin, gelatine, or alginate, are added to eliminate suspended particles
(Mierczynska-Vasilev & Smith, 2015; Oliva, Paya, CAmara, & Barba, 2007; Vernhet, 2019).
Then, the wine is filtered through a porous material to retain possible solid particles that

remain in the liquid phase eliminating turbid or precipitated wines (McRae et al., 2017).

In the next step, the wine is stabilized chemically and biologically by cold keeping wine
stable in the long term (Vernhet, 2019). This stage inhibits microbial growth, and it avoids

oxidative reactions.

Finally, the wine is bottled to protect it from external agents that deteriorate it.

1.5 Outline of the thesis

The thesis is composed by nine chapters. Chapter One contains the preliminary
considerations of the thesis and includes a general overview and the outline of the thesis.
Chapter Two is the Introduction that encompasses a comprehensive review of the
relevant literature and a detailed description of the research tools employed, the
hypothesis and the objectives. In this chapter, it has been reviewed relevant literature on
FS and EM within the ASC and WSC. The focus is on identifying and applying these insights
to enhance sustainability in wine production. This review has been structured according
to the logical framework outlined in Figure 1, and it has generated seven research
questions related to use FS and EM for the transition towards sustainability in the wine
industry, which have been identified as one general objective and six specific objectives
of the thesis. To address these research objectives, PRPs, HACCP and ISO 14001:2015
methodologies have been analysed for their application in wine production, as they are

commonly utilized in the industry.
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Food Safety and Environmental Issues
Food Safety Management Systems (FSMS)

EnvironmentalManagement Systems (EMS)

Agrifood Supply Chain

Sustainability Indicators
Food safety, Environmental issues

conditions, Labor rights, End-of-life valorization through
biomass recycling

‘| Agrifood Supply Chain
'/ Performance Components

Efficiency, Flexibility, Responsiveness,
Food Quality, and Sustainability

Figure 1. Explanatory figure on the development of research from the study of

performance in FSMS and EMS in wineries.

The next three Chapters represents the central focus of the thesis. They contend the
methods (Chapter Three), the results (Chapter Four) and the discussion (Chapter Five).
Three research case studies were analysed regarding to the sustainability in the wine
industry from the perspectives of FS and EM. This part outlines the main findings from
the analysis and serves as the basis for the materials and methodologies used in the
research. The first study systematically analyses the performance of “Vinos de Madrid”
Protected Designation of Origin (PDO) in the implementation of FSMS, with a focus on the
implementation of PRPs and the HACCP system tools. The second study develops a
survey-based methodology to evaluate the performance of CCPs in Spanish wineries to
define the indicators and components for analysing sustainability based on FS in the wine
industry. The third study examines the performance of wineries in Italy regarding the
implementation of EMS using a survey-based methodology, and subsequently, establishes
the indicators and components for analysing sustainability based on EMS in the wine
industry. Research studies have been published as scientific articles in three prestigious
journals and all research related to sustainability based on FSMS were also presented at
an international agroengineering congress. Chapter Three outlines the main findings from

this analysis and serves as the basis for the methodologies used in the research.
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Chapters Six and Chapter Seven comprises the primary conclusions and future research
directions that have resulted from the overall research presented in second part. This part
provides a summary of the research findings and conclusions. It is divided into two main
sections: conclusions and findings on sustainability in wine production with respect to
the research objectives (Chapter Six), and general remarks and future research directions
(Chapter Seven). The former chapter highlights the key research outcomes, while the
latter chapter offers insights for future research and identifies areas that require further

investigation.

Chapter Eight includes four annexes. Annex A is a comprehensive summary of the prior
research that has been analysed at the Chapter One and Annexes B, C and D include the

three questionnaires that have been utilized in the three studies, respectively.

Chapter nine contents the References.

1.5.1 Theoretical framework, general structure, and internal alignment

Table 1 has been prepared to provide a concise outline that identifies the structure of the
thesis, the theoretical framework, and the relationship among the research questions,
objectives, results, and the included articles. Table 1 serves as a concise outline that
effectively delineates the structural components of the thesis, providing clear insights into
the theoretical framework employed throughout the research. Moreover, it elucidates the
intricate relationships among the research questions, objectives, results, and the articles
included within the study. This organized presentation aids in navigating the complex

interactions and ensures a coherent flow of information.

This thesis is the result of three years of work developed in the international framework
together with researchers from the Malaysian Institute of Chemical and Bioengineering
Technology of the Universiti of Kuala Lumpur (UniKL-MICET). This circumstance has
influenced the definition of methodological tools and has also allowed their international
character. It has established a framework of continuous collaboration between both

universities, giving a vision of Southern Europe and Southeast Asia.

11



Introduction

Table 1. Relation among theoretical framework, general structure, the research questions

and objectives, articles, and research methods.
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1.5.1.1 Article overview (quality indicators)

Figure 2 presents the general approach and the specific elements addressed in the
research compendia. It illustrates how each component contributes to the overarching
research objectives, offering a clear visualization of their integral roles within the

comprehensive research framework.

-t
gy 5g = = = = &
TEEEE EZEFEFE o 352252535 & &
E& § EEFEEZia g E zEEsze T S
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TsEx 22 2 = 3
FEESZc EFEsES Eziz z ®
=
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Conference =
Paper: Wine producion sustainability g
An Evaluation of : T . r &
Sustainability in Wineries RQ.01.-Can we measure progress towards sustainability using FS an EM tools in
Based on fy i wine production?
Performance in Compliance
with Food Safety.
*RQ.04.-How can we measure progres:; tov/ards sustainability based on FS an EM
tools performance?

Article One:
Evaluation of Food Safety
Performance in Wineries

D Food Safety Management Environmental Management

RQ.02-What are the critical factors RQ.03.-What are the critical factors
and performance indicators of FS and performance indicators of EM
tools that can be used as proxy to tools that can be used as proxy to

measure towards sustainability in measure towards sustainability in
wine production?

wine production?
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Figure 2. Canvas approaching and the aspects developed in thesis research compendia.
1.5.1.2  FS practical application towards sustainable practices in wineries

Description of FS practical application in two wineries groups and identification of gaps,
FS main components performance and method for using FS as tool for metric sustainable

practices in wine production.

e Loépez-Santiago, J., Garcia, A. I. G., & Gémez-Villarino, M. T. (2022). An Evaluation
of Food Safety Performance in Wineries. Foods, 11(9), 1249. DOLI:
10.3390/foods11091249. Metrics: FOOD SCIENCE & TECHNOLOGY (SCIE). JCR YEAR 2022.
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JIF RANK: 34/142. JIF QUARTILE: Q1. JIF PERCENTILE: 76.4. CITATION: 6. Published: MAY 2022.
(Source: WoS)

This study presents a methodology to evaluate the performance of the FS system in
wineries, focusing on the implementation of the PRPs and HACCP system. Specifically, the
study analysed the performance of wineries in the Protected Denomination of Origin
"Vinos de Madrid" in controlling CCPs throughout the winemaking process, including the
implementation of both PRPs and HACCP principles. The research was conducted through
a survey of fifty-five questions on a sample of twenty-one wineries and identified the
control of metals in grapes and the control of fungicides or pesticides in harvest reception

as the worst performing CCPs. The questionnaire has been incorporated into Appendix A.

e Lopez-Santiago, J., Garcia, A. L. G., Villarino, A. G., Som, A. M., & Gémez-Villarino, M.
T. (2024). Assessing wineries' performance in managing critical control
points for arsenic, lead, and cadmium contamination risk in the wine-making
industry: A survey-based analysis utilizing performance indicators as a

results tool. Heliyon, 10(1). https://doi.org/10.1016/j.heliyon.2023.e22962. Metrics:

MULTIDISCIPLINARY SCIENCES (SCIE). JCR YEAR 2022. JIF RANK: 23/73. JIF QUARTILE: Q2. JIF
PERCENTILE: 69.2. CITATION: 1. Published: JAN 2024. (Source: WoS)

This paper outlines a novel methodology for assessing the sustainability of wineries based
on their ability to manage CCPs in their FSMS. More specifically, it focuses on the
performance of the CCP related to the contamination risk posed by arsenic, cadmium, and
lead, which has been identified as one of the least effectively controlled points. The
methodology employed involves a sixteen-question questionnaire, coupled with the
calculation of three performance indicators for the training, legislation, and analysis

components of CCP management.

e An Evaluation of Sustainability in Wineries Based on Their Performance in
Compliance with Food Safety. In Proceedings of the 12th Iberian
Agroengineering Congress. XII Congreso Ibérico de Agroingenieria. (2023) Junta

de Andalucia: Sevilla - Spain. ISBN: 978-84-09-53018-2

The article illustrates the second and fourth objectives by providing a comprehensive

analysis of FS performance in wineries. It examines the enforcement of hygiene
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regulations and the utilization of the HACCP methodology, thereby assessing its
application in utilizing FSMS as tools to enhance sustainability within the WINE
PRODUCTION. Furthermore, the study proposes a quantitative approach that leverages
the performance of FS in wineries. This approach serves as a quantitative measure of
maturity and progression towards sustainability within the WINE PRODUCTION, offering
a novel metric to gauge the effectiveness and impact of FS initiatives on broader
sustainability goals. This conference presentation titled addresses the challenge of
promoting sustainable food production methodologies within the agri-food industry.
Both studies involved two main focuses, which are the use of metrics to assess sustainable
practices in FS performance, specifically in reference to CCPs management in wineries.
Congress presentation emphasizes the importance of using performance indicators, such
as training, legislation, and physical-chemical analysis, as a means of measuring progress
in implementing FS sustainability dimensions. Also, it offers a dual case study based on
wine production, examining the performance of wineries in managing their FS system,
which includes the identification and control of CCPs, and the risk of contamination by

arsenic, cadmium, and lead during wine production.

1.5.1.3 EM practical application towards sustainable practices in wineries

Description of EM practical application in a wineries group and identification of gaps, EM
main components performance and method for using EM as tool for metric sustainable

practices in WINE PRODUCTION

e Loépez-Santiago, ., Garcia, A. 1. G., Villarino, A. G., Som, A. M., & Gémez-Villarino, M.
T. (2024). Assessment of Environmental Management Performance in
Wineries: A Survey-Based Analysis to create Key Performance Indicators.

Environments 2024, Metrics: ENVIRONMENTAL SCIENCES (ESCI). JCR YEAR 2022. JIF RANK:

190/334. JIF QUARTILE: Q3. JIF PERCENTILE: 43.26. (Source: WoS). CITATION: - Published:
UNDER PEER REVIEW

This paper presents a methodology for evaluating the sustainability of wineries based on
their ability to manage their EMS according to ISO 14001:2015 standards. The survey was
designed with a questionnaire consisting of thirty-four questions divided into nine
sections. Six dimensions were identified, including leadership, planning, support,

operation, performance evaluation, and improvement. The methodology involves
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calculating five performance indicators for each dimension to evaluate the EM wineries'
performance. The questions were based on the content of ISO 14001:2015 and research

studies on environmental impacts in Italian wine production.

1.5.1.4 Synthesis and construction of the sustainability tool based on FS and EM

Synthesis and construction of the sustainability tool based on FS and EM performance

indicators.

e Lopez-Santiago, ]J.; Md Som, A.; Asyadi Bin Md Yusof, F.; Mazarron, F.R.; Gémez-
Villarino, M.T. Exploring Sustainability in Wineries: Evaluating Food Safety
and Environmental Management Aligning with the Farm to Fork Strategy.

Agriculture 2024, 14, 330. https://doi.org/10.3390/agriculture14030330. Metrics:
AGRONOMY (SCIE). JCR YEAR 2022. JIF RANK: 17/88. JIF QUARTILE: Q1. JIF PERCENTILE: 81.3.
CITATION: - Published: MAR 2024. (Source: WoS)

This paper presents a methodology for evaluating the sustainability of wineries based on
their ability to manage their EMS according to ISO 14001:2015 standards. The survey was
designed with a questionnaire consisting of thirty-four questions divided into nine
sections. Six dimensions were identified, including leadership, planning, support,
operation, performance evaluation, and improvement. The methodology involves
calculating five performance indicators for each dimension to evaluate the EM wineries'
performance. The questions were based on the content of ISO 14001:2015 and research

studies on environmental impacts in Italian wine production.
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2 State of the Art

2.1 Literature Review

2.1.1 Literature Review Methodology

The research has been diligently conducted in accordance with the guidelines set
forth by the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) statement (Moher, Liberati, Tetzlaff, Altman, & PRISMA Group*, 2009;
Urrdtia & Bonfill, 2013). This ensures a thorough implementation of systematic
reviews as depicted in Figure 3. A systematic literature review was performed
utilizing the PRISMA methodology. The PRISMA screening phase was conducted
using bibliometric analysis facilitated by the CiteSpace software (version 6.1.R6,
Chaomei Chen, Philadelphia, PA, USA). Furthermore, bibliometric analyses were
applied to enhance the dependability of the outcomes and to reduce the potential
subjective bias in the literature review (Qaiser, Ahmed, Sykora, Choudhary, &

Simpson, 2017; Zupic & Cater, 2015).

Identification

H Records screened from the .
Screening f o o , Remainder
(Bibliometrics) n=45 n=899

' Records selected for eligibility ERehIaGaE a0

Eligibility assessment

n=45 n=20 Were not focused
on sustainability based
on the ASC.

) n=8 Were not centered
Studies selected for the on wine production.
systematic review

r_— n=11 Were outside the

scope of FS or EM

Figure 3. Flow diagram of the PRISMA methodology at four levels applied to the

literature review.
17
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To arrive at information pertinent to this study, data were retrieved in 2022 from
the Web of Science (WoS) core collection platform by Clarivate analytics, which is
the world's premier database for published articles and citations. It included
publications in top-tier journals and is most suited for bibliometrics It included
publications in top-tier journals and is most suited for bibliometrics (Korom, 2020).
The search was conducted in January 2022 and data from the period 2012-2022
were analysed. The search was QUERY: (ALL=(WINE*)) AND
ALL=(SUSTAINABILITY) in the WoS Core Collection. Unique records found were
1,149 documents from journals related to the query during 01-01-2012 to 01-02-
2022.

Main WoS Categories were Environmental Sciences with 355 documents (30.89%),
Green Sustainable Science Technology with 316 documents (30.90%),
Environmental Studies with 249 documents (21.67%), Food Science Technology
with 191 documents (16.62%), Business with 90 documents (7.83%), Horticulture
with 87 documents (7.57%), Engineering Environmental with 86 documents
(7.48%), Agronomy with 84 documents (7.31%), Management with 69 documents
(6.00%); Agriculture Economics Policy with 68 documents (5.91%), Agricultural
Multidisciplinary with 68 documents (5.91%); Plant Sciences with 57 documents
(4.96%), Economics with 40 documents (3.48%), Biotechnology Applied
Microbiology with 33 documents (2.87%), Hospitality Leisure Sport Tourism with
33 documents (2.87%), Geography with 25 documents (2.17%), Soil Science with
24 documents (2.08%), Nutrition Dietetics with 23 documents (2.00%), Regional
Urban Planning with 20 documents (1.74%), Ecology with 19 documents (1.65%),
Energy Fuels with 19 documents (1.65%), Agricultural Engineering with 15
documents (1.30%), Chemistry Applied with 15 documents (1.30%), Engineering
Chemical with 15 documents (1.30%) and Chemistry Multidisciplinary with 14
documents (1.21%).

Document types were 1,149 divided in 899 Articles (78.24%), 154 Proceeding
Papers (13.40%), 92 Review Article (8.01%), 54 Book Chapters (4.70%), 9 Editorial
Materials (0.78%), 2 Early Access (0.17%), 2 Letters (0.17%), 2 Meeting Abstracts
(0.17%), 1 Book (0.09%) and 1 Correction (0.09%).
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About documents publication years, 44 were published in January 2022 (3.66%),
257 inyear 2021 (21.38%), 227 in year 2020 (18.89%), 161 in year 2019 (13.39%),
139 in year 2018 (11.56%), 89 in year 2017 (7.40%), 101 in year 2016 (8.4%), 73
in year 2015 (6.07%) 49 in year 2014 (4.08%), 39 in year 2013 (3.24%) and 23 in
year 2012 (1.91%).

Main countries of documents origin are Italy with 301 documents (25.04%), Spain
with 163 documents (13.56%), USA with 160 documents (13.31%), Australia with
159 documents (13.23%), Portugal with 114 documents (9.84%), France with 77
documents (6.41%), Germany with 70 documents (5.82%), England with 47
documents (3.91%) and New Zealand with 44 documents (3.66%).

Articles were imported into CiteSpace (Chaoemi Chen. Released 2022. CitiSpace,
Version 6.1.R6 for Windows 10) in plain text format, and the node type was selected
as” Author”, “Keywords”, “References” and “Cited Author” for the bibliometric and
network analyses. Time Slicing were selected from January 2012 to December 2022

and one year per slice.

Eleven clusters were found (Figure 4) and the ranked terms by clusters were the

next:

#0: economic performance: wine industry; environmental certified

management standards; organizational culture; business performance;
environmental proactivity | wine business; business model; family business;

business models; organizational change.

#1: finnish wine supply chain: life cycle assessment; greenhouse gas emissions;
scenario analysis; sustainable wine production; winery wastewater | carbon

footprint; performance efficiency; French wine; indicator; branded wines.

#2: sustainable wine: environmental sustainability; buying behavior; market
segmentation; social media; non-market valuation | wine sector; cluster analysis;

co2 emissions; renewable energy; cultural multilevel selection.
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CiteSpace, v. 6.1.R6 (64-bit) Basic
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Figure 4. Clusters identified from WoS Core Collection data from the period 2012-
2022 using search QUERY: (ALL=(WINE*)) AND ALL=(SUSTAINABILITY).

#3: italian wine: water footprint; informed decision-making; logistic regression

model; tendone system; regression analysis | life cycle assessment; environmental

sustainability; risks assessment; logistic regression model; tendone system

#4: global wine industry: carbon footprint; mapping techniques; resource
efficiency; closed-loop supply chains; agri-food chains | wine industry; social
impact coefficient; supply chain network design; carbon emissions; measurement

systems.

#5: sustainable wine tourism development: wine tourism; industrial heritage;
sustainable tourism; industrial tourism; local community | food sovereignty; rural

tourism; food tourism; transformative tourism; wine business

#7: combining life cycle assessment life: vineyard sustainability; carbon
footprint; monte carlo simulation; water footprint; sustainable packaging |
sustainable packaging; environmental impact; materials reduction; vikor

technique; wine-growing systems.
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#9: new world: concept map; mixed methods; focus group method; nominal group
technique | nominal group technique; focus group method; concept map; mixed

methods.

#10: wine industry: sustainable development; occupational safety; balearic
islands; values chain; organic farming adoption | carbon footprint; closed-loop

supply chains; supply chain; food industry; life cycle assessment.

#11: corporate sustainability management: winegrowing; table grape; tendone

system; life cycle assessment; life cycle costing; italy

#14: sustainable food supply chain: extensive winegrowing; vine landrace;
financial sustainability; wine industry; emergy evaluation; supply chain quality;

wine industry; quality sustainability; emergy evaluation; extensive winegrowing.

The inclusion and exclusion criteria used for the literature review are showed in the

Table 2.

Table 2. Inclusion/Exclusion criteria for literature review

Inclusion Criteria

e  Only documents published in scientific journals.

e Studies that consider sustainability from the perspective of the agri-food supply chain
and/or the wine supply chain.

e Studies that consider sustainability from the standpoint of environmental management
and/or environmental impact, and food safety in wineries.

Exclusion Criteria

e Studies referring to the socioeconomic or political aspects of the concept of
sustainability such as sustainable tourism in wine.

e Studies related to the ecology of cultivation, crop science, crop protection such as those
related to soil science or irrigation techniques in the vineyard.

e Studies related to circular economy, packaging, life cycle assessment of wine.

e Studies related to nutrition or bio-components.

e Studies related to business performance or business models of wineries.
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According with these criteria, the keywords nodes that were considered in the

n «

clusters were “environmental certified management standards,” “sustainable wine

» o« » o« » o«

production,” “environmental sustainability,” “agri-food chains,” “environmental

impact,” and “supply chain quality.”

A total of forty-five articles were deemed suitable. The abstracts were read, and
based on this reading, 39 articles were discarded, mainly because they did not focus
on sustainability based on supply chain management (n = 20), were not studies
centred on wine production (n = 8) or were outside the scope of sustainability based

on FSor EM (n=11).

A collection of studies relevant to the central theme of this thesis was examined as
part of the prior research. These studies investigate the connection between the
FSMS and EMS tools in wineries and their use to evaluate sustainable practices in

the wine production.

2.1.2 The sustainability framework in the EU Agriculture Sector

Leveraging insights from Vagsholm et al. (2020) this section explores the intricate
relationship between agricultural practices and their environmental sustainability
impacts (Vagsholm, Arzoomand, & Boqvist, 2020). Vagsholm and colleagues
critically examine the convergence of food security, safety, and sustainability,
framing these objectives within the pressing need for agricultural systems to adapt
to and mitigate the effects of climate change, chemical use, and resource depletion.
Their comprehensive review underscores the significant environmental footprint of
conventional farming practices, including the extensive use of pesticides and
fertilizers, which not only challenge biodiversity but also contribute to greenhouse

gas emissions and water resource depletion.

This narrative emphasizes the pivotal role of sustainable farming techniques, such
as organic agriculture and agroecological practices, as essential pathways toward
mitigating these environmental challenges. By highlighting the ambitious goals of
the EU Biodiversity Strategy for 2030 (European Commission, 2020a; European
Commission, 2020b), including the transition toward organic farming, the

discussion aligns with the broader ambitions of the European Green Deal and its F2F
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strategy (European Commission, 2020c). It stresses the critical balance needed
between enhancing food production to meet global demands and preserving the

ecological integrity of agricultural landscapes.

In doing so, this section not only reflects on the potential of sustainable agricultural
practices to significantly reduce environmental impacts but also on the necessity for
a systemic shift in how food production is approached. The insights from Vagsholm
(2020) serve as a foundation for advocating a comprehensive approach to
agricultural sustainability that incorporates food safety, security, and
environmental stewardship within the EU policy frameworks and agricultural

innovation.

The European Green Deal, along with its farm to fork strategy, positions agriculture
at the forefront of the continent's sustainability ambitions, recognizing its role
beyond mere economic contributions. It envisions agriculture as a cornerstone of
social well-being, ecosystem health, and food and nutrition security (European
Commission, 2019a; European Commission, 2019b). This comprehensive approach,
however, confronts the reality of ongoing environmental degradation—biodiversity
loss, excessive water use, and rising greenhouse gas emissions—despite the
considerable investments funnelled into the common agricultural policy and other
related EU policies. Furthermore, the enduring issues of rural abandonment and the

erosion of rural heritage underscore the challenges facing Europe's countryside.

The European Union's Biodiversity Strategy for 2030 (BS30) represents a pivotal
component of the broader European Green Deal, setting ambitious targets to protect
nature and reverse the degradation of ecosystems. Within this strategic framework,
agriculture in the EU stands at a crossroads, facing the dual challenge of contributing
to biodiversity conservation while ensuring food security and rural livelihoods.

(European Commission, 2020a; European Commission, 2020b).

The BS30 explicitly recognizes the critical role of agriculture in conserving
biodiversity. The strategy calls for the transformation of agricultural practices
towards more sustainable models, promoting agroecology, organic farming, and the

preservation of high-diversity landscape features within farmlands (European
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Commission, 2020a). Such integration is essential, as agriculture covers a significant
portion of EU land and has profound impacts on habitats, soil, water, and air quality

(Pe'er etal., 2020).

The BS30 outlines specific targets that directly involve the agricultural sector,
including a commitment to ensure that at least 25% of EU farmlands are under
organic farming by 2030, and the reduction of chemical pesticide use by 50%
(European Commission, 2020a). These targets not only aim to reduce the
environmental footprint of agriculture but also offer opportunities for farmers to
diversify income sources and increase resilience to climate change and market

fluctuations (Smith et al., 2013).

Despite the clear benefits, the transition towards biodiversity-friendly agriculture
poses several challenges. Firstly, the adoption of sustainable practices requires
significant investment in knowledge, skills, and infrastructure, which can be
prohibitive for small-scale and marginal farmers (Hermoso et al., 2022). Moreover,
there is a concern regarding the potential trade-offs between biodiversity objectives
and food production, particularly in regions where agricultural intensification is
seen to meet growing food demands (Delzeit, Zabel, Meyer, & Vaclavik, 2017;
Hanspach et al., 2017).

The European Union F2F strategy, at the heart of the European Green Deal, heralds
a transformative approach towards creating sustainable, fair, and healthy food
systems. It addresses key production organization aspects in agriculture,
encompassing crop and livestock farming alongside broader production systems,
with a clear focus on reducing environmental impacts associated with pesticide use,
nutrient management, antimicrobial use in livestock, and fostering the growth of

organic farming (European Commission, 2020c).

In 2023, European Union agriculture demonstrated a significant reliance on both
organic and inorganic fertilizers, with approximately ten million tonnes of nitrogen-
based and around 1.1 million tonnes of phosphorous-based fertilizers utilized in
2021. France emerged as the top consumer of these fertilizers, underlining its

prominent role as a leading agricultural producer in the EU. The application of
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inorganic fertilizers per hectare of agricultural land saw a 10.1% increase from 2010
to 2020, with significant rises observed in Bulgaria, Greece, Romania, and Hungary.

Conversely, Germany experienced the most substantial decrease in usage (Eurostat,

2023).

Pesticide usage represents a crucial concern, witnessing a 38% reduction in
associated risks by 2021 when compared to the average for 2011-2013.
Nevertheless, the evolving nature of active substances in pesticides means that sales
volume alone does not fully encapsulate the potential hazards. Approximately
356,000 tonnes of pesticides were sold throughout the EU in 2021, with Germany,
Spain, and France leading in consumption of various pesticide types (Eurostat,

2023).

The strategy's dedication to reducing reliance on chemical pesticides is part of a
wider move towards sustainability, recognizing the adverse effects of pollution on
soil, water, and air. This dedication is reflected in the EU's significant move towards
reducing chemical pesticide use, despite an opposing trend of increased overall
chemical input due to the intensification and specialization of the sector. (Prandecki,

Wrzaszcz, & Zielinski, 2021).

Furthermore, the F2F strategy prioritizes the management of fertilization, aiming to
mitigate the pollution from excess nutrients, which poses a significant threat to
biodiversity and climate. It proposes strategies to optimize fertilizer application,
ensuring soil fertility while balancing environmental protection needs. This reflects
a nuanced fertilization practice landscape across the EU, highlighting regions of

progress and areas still grappling with nutrient over-application (Billen et al., 2024).

Addressing antimicrobial resistance, the strategy sets forth objectives to curb
antimicrobial use in livestock, reflecting a broader trend of decreasing livestock
populations and a shift towards specialized farming operations (Martin et al., 2020).
This is critical for maintaining animal health and preventing resistance, in line with
European Surveillance of Veterinary Antimicrobial Consumption data highlighting

shifts in antimicrobial usage patterns (More, 2020).
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F2F strategy advocates for the adoption of circular economy principles to
significantly reduce waste generation across agriculture, forestry, fishing, and the
food and beverage processing sectors. In 2020, these sectors collectively produced
55.3 million tonnes of waste, representing 2.8% of the total waste from productive
activities within the EU. A notable achievement within this framework has been the
reduction of waste from the F&B processing sector by almost 23% from 2010 to
2020. Moreover, food waste presents a considerable challenge, with an indicative
average of 131 kilograms of fresh mass collected per person in the EU in 2021, more

than half of which originated from household sources (Eurostat, 2023).

Organic farming is underscored as a vital component of the F2F and Biodiversity
strategies, promoting environmental sustainability (Paull, 2024). The growth of
organic farming across the EU indicates its rising importance and potential in
achieving the Green Deal's objectives, despite its niche status within the broader
agricultural landscape. The move towards larger, more specialized organic
operations suggests evolving dynamics focused on enhancing production potential

and environmental benefits.

The European Union's adoption of the European Climate Law marks a watershed
moment in its commitment to achieving climate neutrality by 2050. This legislative
framework sets binding targets to reduce net greenhouse gas emissions by at least
55% by 2030, compared to 1990 levels, and to reach net-zero emissions by 2050
(European Parliament, 2021a). Agriculture, as a significant source of methane and
nitrous oxide emissions, is both impacted by and pivotal to the EU's climate

ambitions (Gotasa et al.,, 2021).

In 2023, agriculture was responsible for 10.7% of the European Union's greenhouse
gas emissions, marking a 21.9% decrease in emissions from 1990 (Eurostat, 2023).
Most of these emissions were methane and nitrous oxide, predominantly originating
from livestock and agricultural soils cultivation (Mielcarek-Bocheniska & RzezZnik,
2021; Simionescu, Bilan, Gedek, & Streimikiene, 2019). Notably, enteric
fermentation, soil management, and manure management played significant roles
in these emissions. From 1990 to 2021, emissions from these sources experienced
reductions of 20.5% from soils, 21.4% from manure management, and 23.0% from
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enteric fermentation (Eurostat, 2023). However, if food production and processing
are included in the "agrifood industry," the percentage can be significantly higher,
as this sector encompasses a wide range of activities ranging from agricultural

production to the processing, packaging, transportation, and sale of food.

The European Climate Law calls for a shift in agricultural practices towards
sustainability, efficiency, and innovation to lower these emissions. For instance, the
law supports the reduction of methane emissions through improved livestock
management and the adoption of precision farming techniques to minimize
fertilizer use, thereby reducing nitrous oxide emissions (Li, Xu, Hu, & Han, 2014;

O’Mara, 2011; Oenema et al., 2014).

The European Climate Law urges the adoption of climate-smart agricultural
practices to enhance resilience, carbon sequestration, and emission reduction.
Practices such as agroforestry, organic farming, and the restoration of peatlands and
wetlands not only mitigate climate change but also improve biodiversity, soil health,
and water quality, offering multiple benefits for environmental sustainability (Lal,
R.etal, 2011; Lal, Rattan, 2016). Moreover, the law encourages the development of
a bio-based economy, placing agriculture at the forefront of renewable energy and
material production, creating new opportunities for farmers (European Parliament,

2021a; Ingrao et al., 2018).

The impact of climate change exacerbates the pressures agriculture places on the
environment and natural resources, threatening the very foundation of food
systems (Myers etal., 2017; Vermeulen, Campbell, & Ingram, 2012). The paradoxical
nature of some sustainability strategies becomes apparent when efficiency
improvements, while beneficial in reducing waste and nutrient loss, risk
perpetuating a cycle of unsustainability if narrowly focused on farm-level
optimizations. Herein lies the potential of agroecology, which offers a reimagined
approach to traditional practices, aiming to harmonize agricultural production with
ecological principles. However, transitioning to such practices raises numerous
questions about feasibility, scalability, and impact (International Panel of Experts on

Sustainable Food Systems (IPES-Food), 2022).
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Agriculture role in a sustainable future inquiries challenge to envision an
agricultural system that supports not only the production of food but also
contributes positively to societal health, environmental resilience, and cultural
heritage. It becomes clear that achieving a sustainable agricultural system requires
a multifaceted strategy. One that integrates innovative technologies and practices
with the wisdom of traditional farming methods, ensuring food security while
protecting the planet. It calls for policies that not only incentivize sustainable
practices but also support the social fabric of rural communities, preserving their
heritage and way of life. Moreover, this transition towards sustainability must be
inclusive, engaging all stakeholders—farmers, consumers, policymakers, and
researchers—in a collaborative effort to redefine the value of agriculture in society.
By doing so, agriculture can transcend its traditional boundaries, becoming a key
player in the fight against climate change, a protector of biodiversity, and a

guarantor of food and nutrition security (European Environment Agency, 2022).

Agriculture sector significantly influences Europe's water resources, facing
challenges despite notable improvements. Over recent years, efforts to mitigate
these impacts have led to a 20% reduction in nitrate concentrations in rivers and a
25% decrease in agricultural water abstraction. However, these pressures remain
unsustainable in many areas, with agriculture accounting for up to 60% of net water
use across the EU (Eurostat, 2023). The changing climate further complicates this
scenario, as altered precipitation patterns and rising temperatures exacerbate
existing water resource pressures. In response, a gradual shift towards sustainable
practices is evident, with 7.5% of the EU's agricultural land now dedicated to organic

farming (Eurostat, 2023).

The main milestones in agriculture and sustainability in the past five years are

showing in Table 3.
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Table 3. Main milestones in agriculture and sustainability in the past five years

Date

11 December
2019

20 May 2020

9 July 2021

17 November
2021

14 December
2020

2 December
2021

31 August
2022

5 July 2023

and the "Farm to Fork Strategy'

Event

Presentation of the European
Green Deal

Presentation of the EU
Biodiversity Strategy 2030

Publication of the European
Climate Law

Adoption of the EU Soil Strategy

for 2030

Adoption of the EU Next Gen
recovery and resilience plan

Formal adoption of a new and
more ambitious CAP
Common Agricultural Policy
(CAP) 2023+
Formal approval of CAP
Strategic Plans by the
Commission

- Spain CAP Strategic Plan was
approved 8 September 2022 -

Initiative for a Soil Health Law

Description

Introduction of a comprehensive plan aiming to make the EU's
economy sustainable by turning climate and environmental challenges
into opportunities.

Strategies aimed to protect natural resources and make food systems
more sustainable, as part of the European Green Deal.

Establishes the goal of achieving climate neutrality by 2050 and sets a
target to reduce GHG emissions by at least 55% by 2030.

Aims to promote sustainable soil management practices to protect soil
health, preserve biodiversity, and reduce carbon emissions from soils.

A financial plan to support EU partner countries in accelerating the
green, digital, and health transitions.

Sets the direction for agricultural policies starting in 2023, with a focus
on sustainability and innovation.

Approval of national plans for implementing the new CAP, indicating
how each EU country will apply the policy at the national level starting
in 2023.

Proposes to grant soils the same level of legal protection as air and
water, emphasizing soil conservation and health.
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2.1.3 Agrifood industry sustainability

Agrifood industry faces numerous sustainability challenges, encompassing
environmental, social, and economic aspects that affect the entire process of food
production, distribution, and consumption (Sadiku, Musa, & Ashaolu, 2019; Yadav,
Singh, Gunasekaran, Raut, & Narkhede, 2022). To tackle these complexities, it is
necessary for the agrifood industry to implement sustainable practices that align
with economic feasibility, social justice, and environmental preservation
(Hammoudi, Hoffmann, & Surry, 2009; Lezoche, Hernandez, Diaz, Panetto, &
Kacprzyk, 2020; Luo, Ji, Qiu, & Jia, 2018). Agrifood industry is currently in its initial
stages of embracing sustainability practices. Several studies have shed light on the
challenges and opportunities that agrifood firms encounter in relation to promote
sustainability. However, given the growing complexity of this sector, there is a
pressing need to establish more structured methodologies that incorporate

sustainability considerations (Barth, Ulvenblad, & Ulvenblad, 2017).

Sustainability in the ASC emerges from the four dimensions encompassed within the
ASC Performance (Aramyan, Oude Lansink, van der Vorst, & van Kooten, 2007). ASC
represents the comprehensive range of activities involved in the handling of
agricultural food, spanning from producers and farmers to end consumers (Joshi,
Singh, & Sharma, 2020). Aramyan et al. (2007) propose four primary performance
dimensions, namely, efficiency, flexibility, responsiveness, and food quality.
Furthermore, an additional category is introduced to encompass a wide array of
critical aspects that reflect the social and environmental dimensions of
sustainability (Varsei, Soosay, Fahimnia, & Sarkis, 2014). In refining the
sustainability dimension, Gold (2017) delineate indicators such as local living
conditions, labour rights, land rights, FS, end-of-life valorisation through biomass
recycling, and environmental issues (Gold, Kunz, & Reiner, 2017). From a consumer
perspective, sustainability encompasses credibility attributes inherent in the food
products they consume. Consequently, agri-food industries allocate a substantial
portion of their resources toward advertising and marketing initiatives focused on

sustainability (Rondoni & Grasso, 2021; Schaufele & Hamm, 2017).
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Within the context of analysing the sustainability of agri-food production, indicators
pertaining to FS and EM prove to be invaluable components of the Sustainability
dimension in ASC performance. Given the resource-intensive nature of wine
production and its potential environmental repercussions on the surrounding
ecosystems, ensuring robust FS measures and effective EM becomes paramount for

the sustainability of the agro-industrial environment (Baiano, 2021; Liu, 2018).

FS is a crucial aspect of the agri-food sector, as it has a direct impact on consumer
health and the reputation of the industry (Maloni & Brown, 2006). Adopting Good
Manufactural Practices (GMP) and implementing Hazard Analysis and Critical
Control Points (HACCP) systems are essential measures to prevent food
contamination and maintain FS (Bauman, 1995). The use of these practices and
systems helps to monitor the food supply chain and identify potential risks, allowing
the industry to proactively address and prevent FS issues (Bertolini, Bevilacqua, &
Massini, 2006; Moe, 1998; Wang, Yue, & Zhou, 2017). Additionally, the
implementation of FS management systems, such as the GFSI or HACCP, can enhance
the industry's overall FS practices and ensure the provision of safe and wholesome

food to consumers (Crandall et al., 2012; Sansawat & Muliyil, 2011).

As a dimension of sustainability, FS includes contamination, spoilage, and the
presence of hazardous substances. These issues have significant impacts on both
human health and the environment. In Spain, the contamination of food products
with pathogenic microorganisms has been a persistent issue. According to several
research studies, a high percentage of raw and processed foods in Spain were found
to be contaminated with Salmonella, Listeria, and E. coli, posing a serious threat to
public health (Gonzalez-Angulo et al., 2021; Karimi, 2022; Porto-Fett et al., 2022).
In Malaysia, the use of toxic pesticides and fertilizers in agriculture has been
identified as a significant contributor to FS concerns (Harun, Hanafiah, & Aziz, 2021;

Lai, Settinayake, Yeo, Lau, & Jong, 2019).

The environmental dimension of sustainability is an important concern in agrifood.
The agri-food sector has a significant impact on the environment, impacting
resource utilization such as water and energy, and contributing to greenhouse gas
emissions, waste production, and pollution (Godfray & Garnett, 2014).
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Environmental issues have emerged as a significant sustainability factor in agrifood.
Agricultural and food industry activities have been shown to have adverse
environmental impacts, such as greenhouse gas emissions (Panchasara, Samrat, &
Islam, 2021; Sharma, Shah, Shahzad, Jain, & Chopra, 2021; Yoro & Daramola, 2020),
soil erosion (Chalise, Kumar, & Kristiansen, 2019; Kopittke, Menzies, Wang,
McKenna, & Lombi, 2019; Tsoraeva, Bekmurzov, Kozyrev, Khoziev, & Kozyrev,
2020), water pollution (Bashir etal., 2020; Rathi, Kumar, & Vo, 2021; Uddin & Jeong,
2021; Ukaogo, Ewuzie, & Onwuka, 2020), and waste generation (Tubiello et al,,
2021), which can have long-term impacts on the ecosystem and human health
(Alengebawy, Abdelkhalek, Qureshi, & Wang, 2021; Kalyabina, Esimbekova,
Kopylova, & Kratasyuk, 2021). Food industry causes severe environmental impacts
as greenhouse gas emissions, energy consumption It is estimated that the food
systems produce 20-40% of the anthropogenic greenhouse gas emissions from all
economic activities (Rosenzweig et al., 2020; Vermeulen, Campbell, & Ingram,
2012). The food industry has been identified as one of the industries where climate

change adaptation is of high importance (Fleming et al., 2014; Ridoutt et al., 2016).

Food industry is under growing pressure to decrease its environmental impact and
align with sustainability targets (Eldesouky, Mesias, & Escribano, 2020; Rodriguez-
Rodriguez, Galdeano-Gémez, Carmona-Moreno, & Godoy-Duran, 2012; Salim et al,,
2018b). Food industry contributes to waste generation, both in terms of food waste
and packaging waste. Waste management is an area where the food industry can
have a significant environmental impact. The generation of food waste is a growing
concern, as it results in the loss of valuable resources and contributes to greenhouse
gas emissions through landfilling (Aldaco et al., 2020; Derqui, Fayos, & Fernandez,
2016; Mena, Adenso-Diaz, & Yurt, 2011). The management of food waste is also a
challenge, with a significant portion of food waste being disposed of in landfills,
leading to environmental degradation and the release of methane, a potent
greenhouse gas (Jereme, Siwar, Begum, & Talib, 2016; Lim, Chin, Yusof, Yahya, &
Tee, 2016). Water management is a challenge in the food as the production of food
requires significant amounts of water, particularly in agriculture. One of the major
environmental challenges faced by the food industry is water scarcity. Irrigation

practices in agriculture account for substantial water usage, which can lead to water
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depletion and degradation of water quality (Garcia-Caparros, Contreras, Baeza,
Segura, & Lao, 2017; Mateo-Sagasta, Zadeh, Turral, & Burke, 2017). On the other
hand, water pollution resulting from agricultural activities, such as the use of
pesticides and fertilizers, poses a threat to freshwater resources and aquatic
ecosystems (Afroz, Masud, Akhtar, & Duasa, 2014; Mahmood, Imadi, Shazadi, Gul, &
Hakeem, 2016).

Agriculture and food processing are significant contributors to global greenhouse
gas emissions, particularly in terms of emissions from livestock production and
fertilizer use (Steinfeld et al, 2006). Addressing these emissions requires the
implementation of mitigation strategies, such as the adoption of low-carbon
technologies and sustainable land management practices (Gielen et al., 2019; Valin
et al.,, 2013). Agrifood industry is responsible for a sizeable portion of the country's
total emissions, and efforts are being made to reduce these emissions through the
implementation of sustainable practices and the use of renewable energy
(Appolloni, Jabbour, D'Adamo, Gastaldi, & Settembre-Blundo, 2022). The increasing
demand for animal-based products is driving an increase in emissions from
livestock production, and reducing these emissions is a significant challenge for the

country's agri-food sector (Banhazi et al., 2012; Zayadi, 2021).

2.1.4 Wine industry sustainability

In addressing the dual challenge of bolstering food security while advocating for
environmentally sustainable agricultural practices, it becomes imperative to weave
in the critical insights from Epuran (Epuran, Bratucu, Barbulescu, Neacsu, & Madar,
2018) and Gilinsky Jr et al. (2016) (Gilinsky Jr, Newton, & Vega, 2016). These
perspectives shed light on the multifaceted nature of sustainability in the wine
industry and its implications for broader agricultural paradigms. Epuran et al.
(2018) bring to the forefront the nuanced understanding that while the adoption of
sustainability principles is acknowledged within the wine sector, their strategic
incorporation from a comprehensive standpoint remains limited. This observation
underscores the need for innovative approaches that not only enhance the
environmental footprint of agriculture but also ensure the production of safe,
nutritious food.
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Similarly, Gilinsky Jr et al. (2016) highlight the pivotal role that sustainable practices
play in offering a competitive edge and enhancing business performance within the
wine industry. This insight is crucial in understanding that sustainability and food
safety are not mutually exclusive but are interdependent aspects that can drive
industry-wide transformation. By adopting sustainable practices, businesses can
contribute to the broader goals of food safety, through more efficient use of

resources and reducing the environmental impact of food production.

The wine industry impact extends well beyond just vineyards and wineries,
encompassing a broad array of activities and sectors from nursery operations and

agrochemical products to packaging or logistics.

The International Organization of Vine and Wine (OIV) characterizes a sustainable
grape and wine industry as an overarching strategy that includes the economic
viability of operations and regions, the production of quality products, and the
incorporation of sustainable viticulture practices. It also highlights the importance
of minimizing environmental risks, ensuring product safety and consumer health,
and preserving cultural, historical, ecological, and scenic values (Organisation

Internationale de la Vigne et du Vin, 2004).

The OIV has adopted a resolution outlining the general principles of sustainable
viticulture and oenology, which includes considerations for the impact of industry
operations on the socioeconomic landscape and their contribution to the
development of local territories. This resolution addresses working conditions,
integration with the local socio-economic and cultural context, consumer health and
safety, and underlines the importance of safeguarding employee health and safety,
providing ongoing training, and maintaining workforce stability (Organisation
Internationale de la Vigne et du Vin, 2016; Organisation Internationale de la Vigne

et du Vin, 2022).

Meissenheimer (2001) have classified WSC into distinct categories, which
encompass various activities. These activities comprise soil and plant material
management, vineyard practices, cellar practices and wine production, packaging

and distribution and market development and marketing (Meissenheimer, Karaan,
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& Vink, 2001). WSC encounter a range of challenges that can be categorized into
three principal areas. These challenges include global and environmental
challenges, methodological and financial challenges and challenges associated with

the economy and the market (Goncharuk, 2017).

The WSC sustainability has gained significant relevance in recent years, given the
growing interest in environmentally friendly agricultural and viticultural practices.
This concept refers to the ability to maintain wine production in the long term
without compromising natural resources or harming the environmental context in
which it takes place. According to Luzzani (2021), wine industry sustainability
encompasses a broad range of aspects (i.e. field operations, grape transformation,
cultural and traditional heritage of wine) (Luzzani, Lamastra, Valentino, & Capri,

2021).

Given the labour-intensive nature of the wine industry, the social dimension of WSC
sustainability cannot be overstated. Factors such as worker well-being, education
and working conditions, social protections, and ethical practices are crucial (Forbes,

De Silva, & Gilinsky, 2020; Martucci, Arcese, Montauti, & Acampora, 2019).

Besides, the WSC significantly contributes to the EU environmental sustainability
through various means, including enhancing biodiversity, reducing soil erosion,
improving water management, and providing fire protection. Vineyards create
diverse ecosystems by hosting a variety of plants and animals and incorporating
sustainable farming practices, such as planting cover crops and minimizing chemical
use. These practices not only support local wildlife but also promote biodiversity in
vineyard areas. For instance, a research in Rhinehessen, Germany, aimed at
increasing biodiversity on steep slopes, resulted in a notable increase in butterfly,

plant, and bee species (Uzman, Reineke, Entling, & Leyer, 2020).

Soil erosion, a major concern in agriculture, is mitigated in vineyards through
practices like cover cropping and erosion control techniques, which stabilize the soil
and prevent erosion (Lépez-Vicente, Calvo-Seas, Alvarez, & Cerd3, 2020). These
practices have been shown to reduce soil erosion significantly compared to

traditional tilling methods. Additionally, the wine sector employs water-saving
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irrigation techniques, advanced technology for water management, and rainwater
collection for irrigation, contributing to sustainable water management and
conservation in regions facing water scarcity (Novara, Cerda, Barone, & Gristina,

2021).

Furthermore, vineyards can serve as firebreaks, offering protection against
wildfires. The bare ground between vine rows can halt the rapid spread of fires, and
controlled burning techniques further reduce fire risk. In the Spanish wine region of
Priorat, a project offering irrigation advice to wineries and winegrowers resulted in
significant water savings, showcasing the sector's role in environmental

conservation (Ascoli et al., 2023).

Additionally, Delmas (2021) highlight how sustainable farming practices can not
only improve the environmental sustainability of viticulture but also increase the
safety and quality of wine products, emphasizing the importance of complete

traceability from the vineyard to the table (Delmas & Gergaud, 2021).

However, studies like those by Baiano et al. (2021) and Wagner (2023) highlight the
need to optimize the use of water and energy, and to minimize the use of pesticides
and fertilizers to reduce the carbon footprint associated with wine production,
marking a path towards more sustainable practices in European viticulture (Baiano,

2021; Wagner etal., 2023).

Environmental issues and poisonings caused by wine production, such as water
pollution due to the excessive use of pesticides and fertilizers, have led to the
implementation of stricter environmental standards. Poisoning issues related to
wine production, such as cases of methanol and other chemical contaminants, have
highlighted the need for rigorous quality control. Concerns over the presence of
pesticides in wine, for example, have led the European Union to establish maximum
residue limits to ensure the safety of wine products consumed within its borders
(European Commission, 2006; European Commission, 2014; European Commission,

2015; European Commission, 2021a; European Parliament, 2005).

The European Union has implemented a series of legislations to address these

challenges, including Regulation (EU) No 1308/2013, which sets specific standards
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for the wine sector in terms of production and labelling (Carrién & Moyano, 2023).
Additionally, Regulation (EC) No 852/2004 on the hygiene of foodstuffs requires
that all food production operations, including wine production, comply with food
hygiene principles to ensure the safety of the final product (Alvarez, 2021). Also,
Directive 2000/60/EC of the European Parliament and of the Council of the
European Union, also known as the Water Framework Directive, establishes a
framework for the protection of surface water and groundwater, directly affecting
the wine industry by promoting the sustainable use of water resources (European

Parliament, 2000).

These regulations underscore the importance of adopting wine production practices
that are not only environmentally sustainable but also safe for human consumption,
to ensure a proper balance between environmental sustainability, food safety, and
economic competitiveness in the wine industry. Adapting to these regulations and
mitigating negative environmental impacts are fundamental for the future of a
sustainable and responsible wine industry on a global level. To achieve this goal, it

is essential to consider both FSMS and EMS throughout the production process.

2.2 Food safety management

According to European food legislation, "foods shall be deemed unsafe if they are
harmful to health or unfit for human consumption" (European Parliament &
European Council (2002), 2002). FS occurs when "all people, always, have physical,
social, and economic access to sufficient, safe, and nutritious food that meets their
dietary needs and food preferences for an active and healthy life" (Food and

Agriculture Organization, 2011).

This concept has grown in importance in recent decades, extending not only to food
but also to all links in the food chain, from primary production through processing,
manufacturing, handling, and packaging to the sale to consumers and the

preparation of food by the final consumer.

A food hazard is considered as any physical, chemical, or biological agent that can

contaminate our food, while a food risk is the probability of the occurrence of any of
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the mentioned hazards combined with the severity of the harm they can cause to the

consumer in the event of an incident.

2.2.1 Critical Control Points

According to Lee, a critical control point (CCP) "is a point in a step or procedure at
which a control must be applied for the prevention or elimination of a hazard or
reduction to an acceptable level" (Lee, S., Han, Yoon, & Lee, 2022). Critical control
points (CCPs) are identified, evaluated, and controlled at each stage of the food
production processes using the HACCP tool. After significant food hazards
identification, it is assessed whether they constitute a critical control point. If they
are assessed as CCPs, then critical limits must be set by applying preventive
measures, so that there are no deviations in these established limits (Bauman, 1995;

European Commission, (2016), 2016; Sperber, 1992).

The system for identifying CCPs follows the type of decision canvas shown in Figure
4. This figure facilitates the determination of CCPs through four sequential
questions. Conducting a hazard analysis of CCPs enables the identification,
evaluation, and control of significant CCPs throughout the food production process.
Once potential hazards are identified, their status as a CCP is assessed, and reference
limits or critical limits are established through the implementation of preventive
measures to prevent deviations from these limits (Bauman, 1995; European
Commission, (2016), 2016; Sperber, 1992). Identification of CCPs is executed by
employing the decision tree framework as outlined by Codex Alimentarius, which
was further tailored with ISO 22000: 2018 (E) criteria (International Organisation
of Vine and Wine, 2020). This procedure helps determine whether the hazards can
be effectively addressed as Operational Prerequisite Program (oPRPs) or whether
specific operational protocols, including defined measures, are required for the
management of CCPs (Chen, H. et al,, 2020; International Organisation of Vine and

Wine, 2020).
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Figure 5. Decision canvas to identify CCPs. Source: On work, based on Commission

Notice of FSMS (European Commission, 2016).

2.2.2 Hazard Analysis Critical Control Point and Prerequisite Programs

The Hazard Analysis and Critical Control Point (HACCP) system is defined as a
preventive program focused on the production of safe food products (Christaki &
Tzia, 2002). The HACCP system originated in 1959 when Pillsbury, along with the
United States Army and the National Aeronautics and Space Administration (NASA),
developed a program to produce safe food for astronauts. The most significant
diseases that could affect the astronauts were related to the food they would
consume (Bauman, 1995). Pillsbury introduced HACCP as the system that could
offer the highest level of FS because it controlled the entire production process from
the beginning of the processing chain. The HACCP program had only three principles

in its origins, but it currently has seven.
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The National Academy of Sciences (NAS) (National Research Council, 1985) and the
National Advisory Committee on Microbiological Criteria for Foods (NACMF) is
responsible for this expansion and its subsequent adoption by the Codex

Alimentarius in 1993.

In 2003, a global consensus was reached for the use of HACCP in the global food
supply. The Codex Alimentarius Food Hygiene Committee of the World Health
Organization issued the HACCP guidelines for International Trade (Codex
Alimentarius Commission, 2011). Soon after, the European Union, Canada, Australia,
and Japan issued regulations requiring food businesses to develop and to implement
FS plans based on the NACMCF and the Codex Alimentarius frameworks (Bernard
& Scott, 2007).

Nowadays, the HACCP method is an internationally recognized systematic approach
to food security that seeks to comply with the development and the realization of
effective FS practices (Mortimore & Wallace, 2013). It is based on seven principles
that identify and control FS hazards (Table 4) (Dominguez, Espinosa, Dominguez,

& Romero, 2021; Mortimore & Wallace, 2013).

In addition, HACCP ensures that appropriate corrective actions are taken, where
necessary, and that a registration system is available for documentation (Gehring &
Kirkpatrick, 2020). Under these principles, if any deviation occurs, it indicates that
control has been lost. In that case, it is of paramount importance taking appropriate
steps to restore control and to ensure that potentially dangerous products do not

reach the consumer (Hulebak & Schlosser, 2002).

An HACCP program is required to be built on a solid foundation of previous
programs called prerequisite programs (PRPs) (Vela & Fernandez, 2003). In
accordance with what is described in the Codex Alimentarius (Codex Alimentarius
Commission, 2011), PRPs are based on the general principles of food hygiene

(European Parliament, 2004).
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Table 4. Key principles of HACCP.

Number

Principle

Description

Principle 1

Perform a hazard
analysis

Hazards should be identified and the associated risks that
accompany them should be assessed at each stage of the
production system and control measures should be described.

Principle 2 Determine CCPs CCPs must be determined.
Principle 3 Set critical A critical limit must be associated with each control measure to
p boundaries ensure that CCPs are under control.
Establish a . .
L . A surveillance system should be implemented to ensure that
Principle 4 surveillance e
system CCPs are within critical limits and therefore under control
Establish Corrective measures to be taken when the surveillance system
Principle 5 corrective detects that a CCP is outside the control limits should be
measures established
. ESt?k.)hS}? Verification procedures should be established to con-firm that
Principle 6 verification the HACCP is functioni ffectivel d "
procedures e is functioning effectively and correctly.
L EStabl.ISh asystem - 5 system of record should be established on all procedures
Principle 7 of registration and

documentation performed and the associated records.

Thus, PRPs provide basic environmental and operating conditions that are
necessary to produce safe and healthy food. They address issues related to the
cleaning and the disinfection of facilities and equipment, the supply and the use of
supply water, pest prevention and control, staff handling practices and knowledge
of FS, and the identification and the location of food produced and marketed
(European Commission, (2016), 2016; Panghal, Chhikara, Sindhu, & Jaglan, 2018);
PRPs are built with different types of programs that develop each issue.

While the HACCP focuses on the dangers that depend solely on the production
process, PRPs seek to eliminate all those dangers that depend on the work
environment. The application of HACCP has advantages, but it also has certain
drawbacks. The main advantages from its application are guaranteeing FS, allowing
the control of each of the phases of the food chain that intervenes in the elaboration
of a product, facilitating the supervision of the system by competent authorities, and

its application to all food companies, regardless of their size or activity.
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However, HACCP presents certain drawbacks, such as the need for: specific technical
and material resources that are not always available to the industry; the training and
the commitment of industry employees; methods for determining difficult CCPs
(Panisello & Quantick, 2001); and continuous evaluation and analysis of data (Vela

& Fernandez, 2003).

2.2.3 FS management in wine production

Grapes, must, and wines are susceptible to various hazards for consumer safety.
These FS risks include physical hazards (metal parts, glass, insects), chemical
hazards (pesticide residues, heavy metal residues, urea), and microbiological

hazards (pathogens) that can affect consumer health (Christaki & Tzia, 2002).

For example, growing concern over contaminants in food, such as mycotoxins and
fungicides, has led to stricter regulations and the need for analytical methods
(Alvarez, Noguerol-Pato, Gonzalez-Barreiro, Cancho-Grande, & Simal-Gandara,
2012). Fungicide residues in grapes pose health risks in winemaking (Gonzalez-
Rodriguez, Noguerol-Pato, Gonzalez-Barreiro, Cancho-Grande, & Simal-Gandara,
2011). Ochratoxin A (OTA) is a nephrotoxin found in wine, with regional variations
in occurrence (EFSA Panel on Contaminants in the Food Chain (CONTAM) et al.,
2020; European Food Safety Authority, 2006; Otteneder & Majerus, 2000). OTA is
classified as a possible human carcinogen (IARC, 1993) and constitutes a dietary
concern (Valero, Marin, Ramos, & Sanchis, 2008). Analysing and regulating these
contaminants is essential for ensuring FS (Brera, Soriano, Debegnach, & Miraglia,

2005).

Hazards in wine production can arise from the environment, processing equipment,
and winery workers. However, the two common causes of major FS incidents are
related to undeclared allergens and cross-contamination (Lee, S., Han, Yoon, & Lee,
2022). Hygienic conditions and practices are required to prevent the introduction
of hazardous agents. In winemaking, the main hazardous agents are the increase in
microbiological load or the accumulation of residues and other directly or indirectly

produced chemical and/or physical agents. The types of PRPs depend on the winery
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in which the HACCP is going to be implemented, and they must be adapted in a

specific way.

Christaki, T. (2002) identified main CCPs in red wine production (Christaki & Tzia,
2002). Benito, S. (2019) conducted a study on the identification and control of CCPs
during winemaking to mitigate the levels of various compounds, including biogenic
amines, ethyl carbamate, ochratoxin A, and sulfur dioxide (Benito, 2019). Martinez-
Rodriguez (2009) studied CCPs associated with microbial safety during wine
production, with a particular focus on Ochratoxin A (Martinez-Rodriguez &

Carrascosa, 2009).

Table 5 shows main CCPs and oPRPs in the production of young wine based on
previous research (Benito, 2019; Christaki & Tzia, 2002; International Organisation
of Vine and Wine, 2020; Magan, 2006; Martinez-Rodriguez & Carrascosa, 2009).
Figure 6 shows a flow diagram of wine-making process and corresponding CCPs or
oPRPs to each stage of this process based on technical document (Bermudez Leiros,

2020) and Table 5.

When an inadequate control of critical points is carried out aimed at eliminating the
food hazards related to the appearance of microorganisms, phytosanitary or traces
of heavy metals, it means that both grapes and wine can be contaminated with these
food hazards that endanger human health (Christaki & Tzia, 2002; Magan, 2006;
Martinez-Rodriguez & Carrascosa, 2009).

FSMS play a crucial role in ensuring the production of safe and high-quality products
in the wine industry. Spanish wineries have implemented various FSMS to meet

regulatory requirements and maintain consumer trust.
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Table 5. Main CCPs and oPRPs in the production of young wine.

Winemaking steps

Harvest and grape transportation

Harvest reception
in winery

Pre-hatching treatments

Grape crushing and must pumping

Sulphited and vatted

Alcoholic fermentation, maceration, vat
emptying, pressing and malolactic
fermentation

Racking, clarification, and filtration

Cold stabilization

Bottling and labelling

oPRP 2.1
oPRP 2.2
oPRP 2.3
oPRP 3.1
oPRP 3.2
oPRP 3.3
CCP3.1
oPRP 4.1
oPRP 4.2
oPRP 5.1
oPRP 5.2
CCP 5.1
oPRP 6.2
CCPe6.1
oPRP 7.1
oPRP 7.2
oPRP 7.3
CCP7.1
CCP 7.2
CCP7.3
CCP 7.4
oPRP 8.1
oPRP 8.2
oPRP 8.3
oPRP 8.4
oPRP 8.5
CCP 8.1
CCP 8.2
CCPO9.1
CCP9.2

oPRP 10.1
oPRP 10.2
oPRP 10.3
oPRP 10.4
CCP 10.1
CCP 10.2

Critical Control Point & Operational Prerequisite Program

Vineyards inspection prior to the harvest to know the general condition of the grapes.
Vineyards inspection during the harvest to know the state of grapes.

Time control that takes to transport the harvest to the winery.

Control of residues of fungicides and / or pesticides existing in grapes intended for winemaking.
Mycotoxins control from grape rot.

Control of the presence of contamination by plant debris, dust and / or metallic elements.
Control of the presence of contamination by metals (Cd, Pb, As) in the grapes.

Control of the cleanliness of the tanks to eliminate residues of microorganisms.

Control of the absence of cleaning and disinfection products in the tanks.

Control of the cleanliness of crushing equipment.

Control of the absence of cleaning and disinfection products in tanks, press and pumping equipment.
Control of the wort maintenance time in the crusher.

Control of the absence of microorganisms in equipment and tanks.

Control of the safety and purity of additives

Control of the concentration of ethylocarbamate in fermented must.

Control of hygiene during racking and pressing operations.

Control of the cleanliness of pressing equipment.

Control of sulphur dioxide in fermented must.

Control of the purity and safety of yeasts.

Temperature control during fermentation.

Control of the pH of red wine during malolactic fermentation.

Control of the cleaning procedures of tanks and transfer equipment.

Control of maintenance and cleaning procedures of the facilities.

Control of hygiene operations during clarification and filtering operations.

Control of the absence of cleaning and disinfection products in tanks and equipment.
Control of the absence of foreign elements from the filters in red wine.

Control of the purity and safety of agents used as clarifiers in red wine.

Control of the absence of residues of agents used as clarifiers in red wine.

Control of limit concentrations of metals (traces of As, Cu, Pb) in red wine.

Control of the additives used are those allowed by current food legislation.

Control of bottle cleaning procedures.

Control of maintenance and cleaning procedures of the red wine bottling line.
Control of the correct coding of the labels used on the bottles.

Control of correct allergen information on labels used on bottles.

Microbiological control of the bottling line of red wine and bottles.
Microbiological control of the cork stopper or similar used for closing the bottles.
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Figure 6. Flow diagram of the young wine making process and corresponding CCPs

to each stage of this process. Source: Own elaboration based on (Bermudez Leirds,

2020) and Table 5 of this work.
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2.3 Environmental management

Over the past two decades, the European Union (EU) has increasingly prioritized
environmental sustainability and commitment to the environment. In 2001, the EU
integrated environmental issues into the Lisbon Strategy with the first European
sustainable development strategy (Commission of the European Communities,
2001). Subsequently, in 2016, the EU incorporated the Sustainable Development
Goals of the United Nations Agenda 2030 (United Nations General Assembly, 2015)
through the communication titled "Next steps for a sustainable European future -

European action for sustainability” (European Commission, 2016b).

To ensure effective implementation of environmental legislation in all member
states, the EC established an instrument in May 2016 (European Commission,
2016a). In 2020, the EU strengthened its environmental commitment further with
the 8th Multiannual Environment Action Programme from 2021 to 2030, which
aims to "ensure well-being for all while respecting the limits of the planet”
(European Union, 2022). Additionally, the environmental and climate objectives of
the European Green Deal are supported by the 8th Multiannual Environmental

Action Programme (European Commission, 2019b).

EM is based on a multi-level cyclical process in which different environmental
managers interact with the environmental system components. These
environmental managers actively manipulate the environment consciously, with the
aim of improving its evolution in a socio-economic and environmental complex
context. Environmental managers are state or non-state and interact with each other
(Geoff A. Wilson & Raymond L. Bryant, 1997). Many authors showed that the
implementation of EMS generates economic, operational, and environmental
benefits for companies (Comoglio & Botta, 2012; Nishitani, 2011; Sambasivan & Feij,
2008). Nevertheless, other authors claimed that EMS do not allow a transformation
in terms of sustainability (Blackman, 2012; Brown, 2016). Other research indicate
EMS has been used to create economic value, cost savings and boost market share

instead of achieving environmental improves (Horry, Booth, Mahamadu, Manu, &

46



State of the Art

Georgakis, 2022; Jones, S. & Laquidarra, 2018), or has been used as a marketing too

(Turk, 2009).

EMS is a group of procedures, rules, and evidences that an organization establishes
to minimize the environmental impacts produced in the development of its activity
(Barla, 2007). These EMSs are used widely by many companies around the world
(Marimon, Llach, & Bernardo, 2011; Neves, Salgado, & Beijo, 2017; To & Lee, 2014).
EMS are often based on the standard ISO 14001:2015 (International Organization
for Standardization, 2015) as a tool for initiative-taking EM (Salim et al., 2018a;
Summers Raines, 2002). ISO 14001:2015 holds the necessary basic requirements
that every EMS must follow with a focus on continuous and systematic
improvement. It is used by organizations that look to enhance their environmental
performance by complying with their environmental policy, objectives, and
responsibilities. In this way, organizations contribute to strengthening the
environmental pillar of sustainability (Technical Committee, 2015). EMS usually
responds to ethical and competitive motivations from organizations boards
(Gonzalez-Benito & Gonzalez-Benito, 2005). The EMS implementation results
indicate a positive relationship between the environmental practices that a food
company engages and its operations performance (Marimon, Llach, & Bernardo,

2011; Sroufe, 2003).

2.3.1 EM in wine production

Drawing on the detailed examinations by Hughey et al. (2005) and Flores (2018),
the narrative delves into the varied landscape of EMS adoption within the wine
industry, underscoring its broader implications for sustainability in agriculture.
Hughey et al. (2005) present a nuanced comparison of EMS implementations,
including Sustainable Winegrowing New Zealand (SWNZ), ISO 14001, and Bio-Gro,
revealing how each system uniquely contributes to sustainability objectives. Their
analysis not only underscores the tailored strengths of each system but also suggests
that a hybrid approach, combining the specificity of industry-focused EMS with the
robust process orientation of ISO 14001, could enhance sustainable practices across

the wine sector.
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Similarly, Flores (2018) expands on the significance of EMS, such as ISO 14001, in
facilitating sustainable operations, emphasizing the growing consumer and market
demands for sustainability within the wine industry. This study highlights the
strategic advantage of sustainability practices, linking them to improved
environmental outcomes and economic efficiency. The parallel drawn between the
adoption of such systems in the wine industry and their potential application across
broader agricultural practices suggests a pivotal role for EMS in navigating the
sustainability challenges faced by the EU agriculture sector. These insights
underscore the necessity of an integrated approach to sustainability, where EMS
adoption is part of a comprehensive strategy to meet the environmental, economic,

and social goals outlined in the European Green Deal and the Farm to Fork strategy.

Several research about wine industry show that as an agricultural sector is
increasingly being challenged to reduce its environmental impact and enhance
sustainability practices (Annunziata, Pucci, Frey, & Zanni, 2018; Jones, G. V. & Alves,

2012; Mozell & Thach, 2014).

2.3.2 EM through standard ISO 14001:2015

ISO 14001 is an internationally recognized voluntary standard that provides
guidance on the establishment, implementation, and maintenance of EMS (Sartor,
Orzes, Touboulic, Culot, & Nassimbeni, 2019; Zutshi & Sohal, 2004). Originally
developed for the manufacturing and processing industries, ISO 14001 has since
expanded its applicability to various sectors, including service industries with
significant environmental impacts such as construction and transportation (Ahmed

Aboulnaga, 1998; Pheng & Tan, 2005).

The primary objective of ISO 14001 is to assist organizations in managing their
environmental responsibilities and improving their environmental performance. By
adopting this standard, organizations can systematically identify and control their
environmental aspects, set environmental objectives, and implement effective

operational controls (Salim et al., 2018a).
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ISO 14001 promotes an initiative-taking approach to EM, encouraging organizations
to integrate environmental considerations into their overall business strategies
(Ann, Zailani, & Abd Wahid, 2006). This standard emphasizes the importance of
complying with environmental regulations and continuously improving

environmental performance (Ahmed Aboulnaga, 1998).

Previous studies on EMS tools, like ISO 14001, have demonstrated their capacity to
offer economic advantages to certified companies in the form of a competitive edge,
alongside enhancing their environmental performance (Gilinsky Jr, Newton, & Vega,
2016). Research has shown several benefits associated with ISO 14001
implementation. For instance, organizations that have adopted ISO 14001 have
reported improved environmental performance, reduced resource consumption,
and enhanced finance performance practices (Leong etal., 2019; Melnyk, Sroufe, &
Calantone, 2003; Montabon, Sroufe, & Narasimhan, 2007). ISO 14001 has also been
linked to increased employee engagement, innovation, and positive relationships

with stakeholders (Zhang, L., Ye, Yang, & Zhou, 2019).

Moreover, ISO 14001 helps organizations establish a systematic framework for
identifying and managing environmental risks and opportunities. It also encourages
organizations to engage in stakeholder communication and consultation, facilitating
transparency and accountability in environmental matters (International

Organization for Standardization, 2015).

ISO 14001 certification is widely recognized and can provide organizations with a
competitive advantage in the marketplace. It demonstrates a commitment to
environmental sustainability and can enhance the organization's reputation and

credibility (Ann, Zailani, & Abd Wahid, 2006).

The ISO 14001:2015 standard consists of eight key components that provide a
comprehensive framework for effective EM. These components outline the
requirements and guidance for organizations seeking to establish and maintain an
EMS aligned with ISO 14001:2015. Table 6 shows main requirements of the ISO

14001:2015 standard. These components collectively provide a structured
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Table 6. Main requirements of the 14001:2015 standard. Source: Own work, based

on bibliography (International Organization for Standardization, 2015;

International Organization for Standardization, 2015).

IS0 14001:2015 requirements

Scope

Context of the Organization

Leadership

Planning

Support

Operation

Performance Evaluation

Improvement

Concept

Applicability of the standard and specifies its requirements for organizations of

all types and sizes, regardless of their environmental aspects or location.

Requires organizations to identify their internal and external context, including
relevant interested parties and their needs and expectations. |t also mandates
the determination of the scope of the EMS and the establishment of the

environmental palicy.

Role of top management in demonstrating leadership and commitment to the EMS.
It includes requirements for establishing an environmental policy, assigning
responsibilities, and ensuring the integration of EM into the organization's overall

strategic direction.

|dentification of environmental aspects and associated impacts, setting
environmental objectives and targets. and establishing action plans to achieve

them. It also addresses the need for risk assessment and contingency planning.

Requirements for providing resources. competence, awareness, and
communication to support the EMS implementation. |t covers areas such as

training, documentation contral, and internal and external communication.

Execution of the planned activities and control measures, including operational
planning and control, emergency preparedness and response, and the

establishment of procedures for managing outsourced processes.

Manitaring, measurement, analysis, and evaluation of the EMS performance. It
includes requirements for conducting internal audits, evaluating compliance, and

addressing nonconformities and corrective actions.

Organization's commitment to continual improvement by taking corrective
actions, implementing preventive measures, and considering opportunities for

innovation and enhancing environmental performance.
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approach for organizations to establish, implement, maintain, and continually

improve their EMS based on ISO 14001:2015.

In response to these demands, wineries are turning to EMS such as [SO 14001:2015
to guide their efforts (De Steur, Temmerman, Gellynck, & Canavari, 2020; Falco,
Marco-Lajara, Sanchez-Garcia, & Gilinsky Jr, 2023; Forbes & De Silva, 2012). ISO
14001:2015 provides wineries with a comprehensive framework for effective EM,
encompassing practices ranging from vineyard management to packaging and

distribution (Tahon & Batt, 2021).

ISO 14001:2015 offers wineries a structured approach to EM, comprising various
key components. One essential aspect is the establishment of an environmental
policy that outlines the winery's commitment to compliance with environmental
regulations and continual improvement (International Organization for
Standardization, 2015). This policy serves as a guiding document for setting

environmental objectives and targets.

To ensure effective implementation, wineries must conduct a thorough assessment
of their environmental aspects and impacts (Ardente, Beccali, Cellura, & Marvuglia,
2006). This involves identifying activities, products, and services that have
significant environmental effects and evaluating their potential consequences on air

and water quality, energy consumption, waste generation, and biodiversity.

Once the environmental aspects and impacts are determined, wineries can develop
operational controls to mitigate risks and reduce environmental harm. Examples of
these controls include implementing energy-efficient practices, adopting
sustainable farming techniques, promoting water conservation measures, and
utilizing eco-friendly packaging materials (Barber, 2010; Benni, Torreggiani,
Barbaresi, & Tassinari, 2013; Matos & Pirra, 2020; Polanco, Sandoval, & Suarez,

2021; Schimmenti, Migliore, Di Franco, & Borsellino, 2016).

ISO 14001:2015 also emphasizes the importance of employee involvement and
awareness in EM (Mariani & Vastola, 2015). Wineries are encouraged to provide

training programs to enhance employees' understanding of environmental issues,
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their roles in achieving environmental objectives, and the significance of complying

with environmental policies and procedures (Dodds, Graci, Ko, & Walker, 2013).

Furthermore, ISO 14001:2015 requires wineries to establish mechanisms for
monitoring and measuring their environmental performance. This entails regular
data collection, analysis, and reporting on key environmental indicators such as
energy consumption, water usage, waste generation, and greenhouse gas emissions.
By tracking their performance, wineries can identify areas for improvement and

take corrective actions when necessary (Forbes & De Silva, 2012).

Effective communication and engagement with stakeholders are also integral to ISO
14001:2015 implementation. Wineries are encouraged to involve suppliers,
customers, and local communities in their EM efforts, fostering partnerships and

promoting transparency (International Organization for Standardization, 2015).

ISO 14001:2015 places a strong emphasis on continual improvement. Wineries are
expected to regularly review their environmental performance, assess their
progress towards achieving objectives, and identify opportunities for further
enhancement. This iterative process ensures that wineries are consistently striving
for improved environmental outcomes (International Organization for

Standardization, 2015).

The benefits of ISO 14001:2015 implementation extend beyond environmental
performance. It can also have positive economic impacts for wineries. Studies have
shown that ISO 14001 -certification can enhance market access, increase
competitiveness, and improve financial performance (Gilinsky Jr, Newton, & Vega,

2016).
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2.4 Prior research

A collection of studies relevant to the research focus of this thesis were meticulously
analysed and compared to ensure a thorough understanding of the existing body of
knowledge. Annex A contains a detailed summary of each article, providing a clear
overview of the key findings and methodologies employed. Additionally, Table 7 offers
a comparative analysis of these studies, systematically highlighting similarities and
differences to better elucidate the context and implications of prior research in relation
to the current thesis. This structured comparison not only enhances the
comprehension of the field but also strategically informs the research direction taken

in this thesis.

The synthesis of the literature on sustainability within the WSC reveals a complex and
multifaceted discourse that spans across strategic adoption, competitive advantages,
the implementation of EMS, the criticality of performance measurement, and the
nuanced integration of FS practices with overarching sustainability goals. This
expansive narrative underscores the necessity for a comprehensive approach to
sustainability that is tailored, measurable, and responsive to the unique challenges and

opportunities within the wine industry.

2.4.1 Strategic Adoption and Sector-Wide Challenges

The literature highlights a systemic challenge in the strategic adoption of sustainability
principles across the wine industry. Epuran et al. (2018) provide a case study within
Romania's wine sector that exemplifies broader issues facing the wine value chain,
where legislative complexities and technological adoption barriers necessitate more
innovative and effective sustainability strategies. This discussion opens a broader
conversation about the need for sector-wide initiatives that are not only adaptive to
legislative frameworks but also embrace technological advancements to foster

sustainability.
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Table 7. Comparative analysis of prior research

insights through case studies on

sustainability practices.

Authors Main Objectives Location Methods Main findings
Prove the implementation of Qualitative  marketing | ® Limited strategic adoption of sustainability principles in the wine industry.
. . . e  Bio certifications face cost limitations.
sustainable development practices techniques through R . . R
o o ) ) o e  Eco-labeling is not strongly associated with sustainability by consumers.
Epuran, G. et | and strategies in the wine industry as Interviews, examination | o  Challenges in adopting modern tech due to burdensome European legislation.
al,, (2018) wine industry's sustainable Romania of sustainability | e  Varied marketing strategies employed.
e marketing, tech challenges, link FS, principles, and analysis | ®  Emphasis on cultural and educational context for wine consumption.
and wine quality with culture while of technology usage and e Compliance with environmental regulations poses obstacles to eco-friendly wine
production.
understanding manager willingness. marketing strategies.
Explore the relationship between e Sustainable practices offer a competitive advantage and enhance business
o o performance in the wine industry.
sustainability and the wine industry, e Incumbent businesses may resist sustainability due to concerns about product
promoting environmental line cannibalization.
stewardship and assessing New Qualitative analysis of | ® Younger and entrepreneurial wine businesses are more inclined to invest in
aps ’ Zealand, sustainability.
Gilinsky Jr, sustainable strategies. sustainability practices, . Y . . . 1
United e A sustainable wine business aims to balance environmental and social impact
A,etal, States of examination of case while maintaining financial viability.
(2016). Develop metrics, benchmark Amert studies, and emphasison | ® A triple-bottom-line strategy for sustainability includes social, environmental,
merica, ] i i
sustainability, analyse wine ) EMS implementation. and financial stewardshlp. . o
busi d d vical and Spain e  The research contributes to a broader understanding of sustainability in the
usinesses, and provide practica

wine industry and provides practical insights.

Case studies reveal diverse regional approaches and challenges in achieving
sustainability among wineries.

Sustainable wine businesses are emerging on a global scale, highlighting the
importance of EMS.
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Authors Main Objectives Location Methods Main findings
Emphasize the significance of
e . . Sustainability is crucial in the wine industry due to customer demand and the
sustainability in the wine industry Cross-country potential for competitive advantage
and highlight the role of EMS like ISO Australia qualitative study that EMS like ISO 14001 play a role in promoting sustainability.
14001 in promoting sustainability. Chil ’ involves a literature Customers value sustainable wine practices and are willing to pay more for
ile, .
Recognize and assess customer review, document sustainable products.
demand. benefits. and preferences for France, New h d " Producers benefit from sustainability in terms of environmental improvement
e a. , .e. e. s, a .p e.e ences fo Zealand, search, an exper and economic efficiency.
Flores, S.S. sustainability in the wine industry. South consultations in  two Sustainability frameworks encompass environmental, social, economic, and
(2018). Afti q phases: (1) selecting key cultural aspects.
Examine and categorize official, Scf‘t' Zn countries,/regions in Se\éeral tt.ypes of sustainabili:y frameworks exist to support decision-making
) . nite . s and continuous improvement.
regional, and common trends in States of wine sustainability, and A qualitative study analysed sustainability frameworks, identifying common
sustainability frameworks, A ] (2) analysing trends and characteristics.
emphasizing context-specific meried. sustainability Context-specific sustainability initiatives are vital, and further research is
e . needed to enhance sustainability in the wine industry.
initiatives and encouraging further frameworks.
research.
. Each EMS system (SWNZ, ISO 14001, Bio-Gro) has its unique strengths, and
Conduct a comprehensive . o
there is no clear superiority among them.
comparative evaluation of three EMS Combining an industry-specific system like SWNZ with a generic process-based
(EMS) in the New Zealand wine system like ISO 14001 contributes to a more sustainable wine industry.
industry (SWNZ, ISO 14001, and Bio- Consideration of economic, environmental, and social factors, as well as the
' hei B i industry's specific characteristics, is crucial when evaluating EMS performance.
Gro) and assess their sustainability, Qualitative  interviews Identifying unsustainable practices and setting short-term sustainability goals
implementation, and marketing . i is essential for long-term sustainability.
with fifteen New . . . .
Hughey, K. performance. . Challenges and criticisms related to EMS implementation and effectiveness
F.etal New Zealand vineyards, were addressed, including the lack of eco-labelling for SWNZ-accredited
) ) ) ] Zealand including Bio-Gro, I1SO companies and confidentiality issues with ISO 14001.
(2005) Emphasize  the importance of 14001, and SWNZ- A survey revealed varying levels of improvement in environmental and social

considering economic,
environmental, and social factors in
evaluating EMS while providing
insights  for policymakers and
businesses to promote sustainability

in the industry.

accredited ones

effectiveness, business implications, system issues, and sustainability among
different certification systems.

Reasons for choosing specific EMS varied, with SWNZ selected for its
progressive nature, ISO 14001 for its flexibility, and Bio-Gro for its
compatibility with sustainability principles.

Integration of EMS systems with Triple Bottom Line reporting can enhance
sustainability promotion in the wine industry.

55



State of the Art

Authors Main Objectives Location Methods Main findings
Examine and assess the Environmental sustainability practices are more established and widely
. . adopted within the WVC compared to social sustainability practices.
environmental and social ) . . ) . .
o . . Wine grape growers focus on environmentally sustainable practices, including
sustainability practices within the soil management, reduced use of phytosanitary products, water management,
Bordeaux wine value chain, including biodiversity preservation, and COz emissions reduction. Techniques like adding
soil management, energy reduction, organic matter to soil and integrated pest control are employed.
and sustainable sourcing Wineries prioritize reducing energy consumption through LED lighting, solar
Tahon, C. et " panels, and improved wine tank cooling. Sustainable water management,
France Research review packaging, and shorter distribution chains are also important.
al. (2021) The study implies the potential use of EMS in guiding and formalizing

Imply the potential use of EMS in
formalizing and guiding sustainability
highlight  the
importance of shorter distribution

practices and

chains in achieving sustainability

goals.

sustainability practices.

Shorter distribution chains are identified as vital for reducing CO2 emissions
and enhancing pricing control, aligning with sustainable supply chain
management concepts.

Distributors express interest in nonconventional agricultural practices and
prefer wines adhering to biodynamic or organic agriculture principles,
suggesting a potential role for EMS in supplier selection for sustainable
sourcing
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Authors Main Objectives Location Methods Main findings
Establish a seamless integration
. Interconnectedness of FS, food security, and sustainability in achieving global
between FS practices and
development goals.
sustainability goals within the Approximately one-third of global food production is lost or wasted, resulting
global food supply chain, in significant economic, environmental, and social costs.
developing strategies that ensure Circ.ular food production systems show pr.omise in reducing wastg and
environmental impact but introduce new risks related to FS and disease
the safety of food products control.
without compromising Strategies for recovering energy and nutrients from food waste are discussed,
sustainability, particularly by with a focus on their implications for sustainability, food security, and FS.
. . Sustainable agriculture and aquaculture should operate within environmental
reducing food waste, responsible . L - . .
o ) ) boundaries, considering ecological, resource, social, and food security
antimicrobial use, and adopting dimensions.
circular food production systems. Unsustainable use of antimicrobials in food production, contributing to AMR
and public health risks.
Vagsholm, 1. . . Efforts to redistribute and reprocess food are explored, including concerns
T Make informed decisions about FS as donated food approaches its expiration date.
Arzoomand, N. regarding FS, food security, and Global Research review Biofuel production is considered but raises concerns about diverting edible
S. & BquiSt S sustainability by prioritizing crops into biofuels, impacting food security and social sustainability.
“ , S,
evidence-based trade-offs. This Various waste disposal methods, including incineration and landfills, are
(2020) discussed, each with its environmental and FS implications.

includes advancing research and
innovation to achieve food
security without relying on
antimicrobials, transitioning
towards sustainable and resilient
agricultural practices, and
leveraging modern technology for
efficient source reduction,
reprocessing, and recycling of
food while considering economic,
social, and environmental

sustainability factors.

Shifting towards more plant-based diets is suggested to reduce food waste and
enhance sustainability, aligning with global recommendations.

Importance of making evidence-based trade-offs between FS, food security, and
sustainability to address the complex challenges of global food systems
effectively.

Modern IT technology is highlighted as promising for achieving more efficient
source reduction, reprocessing, and recycling of food, contributing to food
security and sustainability.

The transition from intensive cereal-based farming to extensive pastoral
farming implies changes to veterinary medicine, with a focus on issues such as
nutritional supplements and disease control.

Trade-offs and decisions regarding FS, food security, and sustainability should
be evidence-based to ensure success in addressing global food challenges.
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2.4.2 Competitive dynamics and adoption barriers

Gilinsky Jr. etal. (2016) delve into the nuanced dynamics of sustainability as both a source
of competitive advantage and a potential barrier to adoption within the wine industry.
The variance in sustainability adoption between established businesses and emergent,
entrepreneurial entities highlights a critical gap. This dichotomy calls for tailored
strategies that address the concerns of legacy businesses while leveraging the agility and
innovation propensity of newer entrants, aiming to foster a more cohesive sector-wide

adoption of sustainable practices.

2.4.3 EMS as a catalyst for sustainability practices

The role of EMS, notably ISO 14001, as pivotal in promoting sustainability within the wine
industry, is a recurring theme. Flores (2018) underscores the growing consumer demand
for sustainable wine practices, advocating for structured and quantifiable sustainability
approaches. This perspective is echoed by Hughey et al. (2005) and Tahon et al. (2021),
who explore the varied strengths and potential of EMS implementations across different
contexts within the wine industry. Their findings point to the opportunity for advancing
sustainability through more robust performance measurement and assessment

methodologies, enhancing the effectiveness of EMS in guiding sustainable practices.

2.4.4 Enhancing sustainability through performance measurement

The literature consistently identifies the critical role of performance measurement in
elevating the sustainability agenda within the wine industry. The diversity in the
effectiveness of existing EMS and the detailed exploration of these systems' strengths and
weaknesses underscore a significant opportunity for the industry. Developing and
implementing comprehensive performance metrics can facilitate a deeper understanding
of sustainability practices, pinpoint areas for improvement, and drive the evolution of

more impactful sustainability strategies.

2.4.5 Integrating FS and sustainable practices

Expanding the scope of discussion, Vagsholm et al. (2020) emphasize the intricate

relationship between FS practices and sustainability goals, particularly within the ASC.
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Their advocacy for evidence-based decision-making in marrying FS with sustainability
objectives highlights the complex interplay between ensuring food safety and pursuing
environmental, economic, and social sustainability. This convergence necessitates a
nuanced approach that aligns FS measures with sustainability targets, reinforcing the

imperative for a comprehensive and integrated strategy.

The synthesis elucidates the necessity for a multi-dimensional approach to sustainability
in the wine industry that transcends environmental considerations to encompass
economic viability and social equity. The literature advocates for the strategic adoption of
EMS and performance measurement as fundamental components of this approach,
facilitating a more nuanced and effective integration of sustainable practices. Moreover,
it calls for an industry-wide shift in mindset—from viewing sustainability as a regulatory
compliance or competitive strategy to embracing it as a core ethos that guides all facets
of operation. This shift is crucial for addressing the varied challenges highlighted across
the literature, from legislative and technological hurdles to the barriers to adoption and
the integration of FS into the sustainability framework. This comprehensive synthesis not
only reflects the collective insights from the literature but also charts a path forward for

achieving a more sustainable, equitable, and resilient wine industry.
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2.5 Research Questions, Hypothesis and Objectives

2.5.1 Research Questions (RQs) emerging from the Literature Review

The comprehensive review of literature concerning on the performance of FS and EMS in
advancing sustainability in wine production has led to the formulation of several
pertinent RQs. These questions are designed to address the gaps identified in current
knowledge and aim to deepen the understanding of how FS and EM practices can be
effectively integrated and enhanced to promote sustainability in wine production. These
RQs set the stage for further exploration and analysis in the subsequent chapters of this
thesis.

e RQ.01.-Can we measure progress towards sustainability using FS an EM tools
in wine production?

e RQ.02.-What are the critical factors and performance indicators of FS tools
that can be used as proxy to measure towards sustainability in wine
production?

e RQ.03.-What are the critical factors and performance indicators of EM tools
that can be used as proxy to measure towards sustainability in wine
production?

e RQ.04.-How can we measure progress towards sustainability based on FS an

EM tools performance?

2.5.2 Hypothesis
1.1.1 Hypothesis

The central hypothesis of this thesis is that the progress towards sustainability of wine
production is related with the implementation level of FSMS and EMS based on

HACCP and ISO 14001:2015 standards in wineries.

This hypothesis suggests that by ensuring an adequate performance level of food safety
and environmental management in wineries according to established standards,

contribute to the progress in sustainability of the wine supply chain.

This hypothesis is examined by assessing the extent of FSMS and EMS adoption in
wineries with different annual wine production volumes and from two countries. These

include assessing key topics regarding to mitigate health risks for wine consumers,
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minimize environmental impacts stemming from wine production, demonstrate a
commitment to environmental stewardship, monitor compliance with FS and
environmental legislation, and explicit leadership from top management in fostering

sustainability practices.

2.5.3 Objectives

2.5.3.1 General Objective

The primary objective is to propose a measure of the progress towards sustainability
in wineries based on specific management tools. This objective sets the stage for a
better understanding of sustainability components within the sector that can contribute

to promote more sustainable practices.

2.5.3.2 Specific Objectives

SO-1.- Analyse and evaluate the FS management in promoting the sustainability of

the wine production.

SO-2.- Analyse and evaluate the EM performance in promoting the sustainability of

the wine production.

SO-3.- Identify and analyse key components of sustainability in the wineries based

on FS management and EM.

SO-4.- Design a tool to measure progress of sustainability and test it.
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3 Methods

3.1 Thesis Methodology

The methodology consists in a systematic approach to address the stated problem and
achieve the outlined hypothesis and objectives. The methodology is depicted in Figure 7,
which delineates a comprehensive approach tailored to analyse the FS and EM in wineries

as tools towards the sustainability in the wine production.

¢ Defining the Problem
Pl * Statement of the Hypothesis and Objectives
review

N
eData collection method based on the use of structured
questionnaires linked to quantitative variables for subsequent

analysis using non-probabilistic statistical models
J

\

e Preparation of three case studies in wineries for the analysis of
the sustainability component in wine production based on their
performance in FS and MS

J

» Synthesis of the results obtained for the creation of the key
performance indicators and the sustainability matrix

Model

Figure 7. Thesis methodology

3.1.1 Literature Review

The methodology commences with an extensive literature review, aiming to build a solid
foundation for the study by synthesizing existing research. This crucial step involves a
thorough examination of scholarly articles, books, and other academic sources relevant
to wine production, agrifood and wine sustainability, FS and EM concepts and their

application in wineries. The literature review serves multiple purposes: it identifies gaps
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in current knowledge, informs the research questions and hypotheses, and justifies the

relevance of the study.

3.1.2 Defining the Problem Statement, Hypothesis, and Objectives

Following the literature review, the methodology involves articulating a clear problem
statement, formulating hypothesis, and setting precise research objectives. The problem
statement defines the issue that the research intends to address, rooted in the gaps
identified during the literature review. The hypothesis posits a potential answer or
solution to the problem statement, which the research will test. Objectives outline the
specific goals the study aims to achieve, guiding the research process towards its ultimate

purpose.

3.1.3 Method

Central to this method is the data collection, which relies on structured questionnaires
linked to quantitative variables. This approach facilitates the gathering of measurable,
objective data that can be analysed through non-probabilistic statistical models. The
choice of structured questionnaires ensures a standardized method of data collection,
allowing for the consistent gathering of information across different subjects or cases. The
emphasis on quantitative variables aligns with the study objectives to produce

statistically valid and generalizable findings.

3.1.4 Case Studies

A distinctive feature of this methodology is the preparation of three case studies in
wineries, chosen for their relevance to the research questions and objectives. These case
studies offer an in-depth analysis of the sustainability component in wine production,
examining each winery performance in FS and EM. By focusing on specific instances, the
research can uncover nuanced insights into how sustainability practices are implemented
in real-world settings, providing a rich source of data that complements the quantitative

analysis.
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3.1.5 Wineries performance assessment tool

The culmination of the methodology is the synthesis of the results obtained from both the
questionnaires and the case studies. This synthesis involves the creation of performance
indicators and a sustainability matrix (SM). The performance indicators are quantifiable
measures that reflect the wineries performance in terms of sustainable practices,
specifically in FS and EM aspects. The SM, on the other hand, provides a tool for evaluating
and comparing the progress towards sustainability of the wineries. This SM aims to offer
a comprehensive tool for assessing the progress towards sustainability in wine

production, contributing valuable insights to both academia and industry.

In summary, the methodology of the thesis adopts a multifaceted approach to propose a
measure of the progress towards sustainability in wineries based on specific management
tools. in wine production. By integrating a structured questionnaire, detailed case studies,
and the development of a comprehensive tool, the research strives to provide a
comprehensive understanding of sustainability practices within the wine industry, with

the potential to inform future practices and policies.

3.2 Method used to establish the research case studies.

The empiric method employed to establish the research case studies was structured as a
four-step process. Wherein each step was devoted to assessing the efficacy of wineries in
the deployment of FSMS and EMS. The initial three steps were aligned with the
investigation of three distinct case studies. Insights derived from each evaluative step
informed subsequent research efforts, aimed at devising a metric for quantifying the
sustainability of wineries. This metric was based on how well the wineries managed FS
and EM practices. Figure 8 shows the evolution of this methodological approach,
inclusive of the interconnections among the steps and their congruence with the
theoretical framework. The outcomes of the first case study facilitated the identification
of CCPs that were inadequately managed by the wineries and the principal components
that support the wineries performance in FS management. Leveraging these findings, the
second case study delineated performance indicators for the components identified in the
first step. The third case study delved into the EM practices by examining the EMS
components based on ISO 14001:2015 standard and employed the proposed
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methodology to compute the indicators from the second step to formulate performance
indicators in EM. The four-step involved synthesizing the three investigations to develop
a FS and EM sustainability matrix based on performance indicators calculated from the

results of case studies two and three.

) o Four Step
Case Study One Case Study Three

Evaluate FSMS performance Evaluate EMS performance

in wineries. Case Study Two in wineries. * Results: Matrix  of

Evaluate CCP performance sustainability progress

«Results: oPRPs & CCPs in wineries. « Results: methodology and based in FS and EM
management performance indicators, performance

performance. « Results: methodology and

performance indicators.
First Step “ Third Step

Figure 8. Flow diagram of the case studies process.

3.2.1 FirstStep: Evaluation of FS performance in wineries as a component towards
sustainability in wine production.

A case study was conducted to evaluate the effectiveness of the FSMS performance in
wineries. This preliminary research serves as the foundation for specific objective 1 (SO-
1) which aims to analyse and evaluate how FS performance practices to promote
sustainability within wine production. A survey-based methodology was employed to
evaluate the performance of the FSMS in wineries, with a specific emphasis on
implementing PRPs and HACCP system. The research specifically focused on wineries
within the Protected Designation of Origin (PDO) "Vinos de Madrid," a designation chosen
from an autonomous community to select the sample and start the investigation analysing
their control over CCPs throughout the winemaking process. The research spanned the
final quarter of 2021 and involved statistical analysis using IBM SPSS Statistics.
Descriptive statistics, nonparametric measures like the Spearman correlation coefficient

(p), the Kruskal-Wallis test, and contingency tables were utilized for in-depth analysis.
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A non-probabilistic sampling method was employed, based on the researcher's prior
information, resulting in a sample size of twenty-one wineries out of a total population of
fifty-one under PDO "Vinos de Madrid." The survey, conducted through email and
telephone contact. The subsequent survey, consisting of fifty-five questions across eleven

sections, aimed to evaluate PRPs and HACCP programs' performance.

The first section focused on annual red wine production and PRPs implementation,
assessing winery size and various aspects related to PRPs. Sections two to ten
concentrated on HACCP Principles 1 and 2, encompassing thirty-seven items related to
hazard analysis and determination of CCPs at various stages of red wine production. A
Likert scale coding approach was used for qualitative responses, providing a numerical
scale for analysis. High variability was determined when the interquartile range value

equalled or exceeded two.

Section eleven centred on the practical implementation of HACCP Principles 3 to 7, with
dichotomous and multiple-choice questions assessing critical limits, surveillance systems,
corrective measures, verification procedures, and the system of registration and
documentation. Overall, the methodology facilitated a detailed examination of PRPs and
HACCP implementation in wineries, emphasizing both quantitative and qualitative

aspects of their FSM.

3.2.2 Second Step: Establishment of FS performance indicators by evaluating the
key wineries performance components in their CCPs control.

This study introduces a survey-based methodology designed to evaluate sustainable
practices in wineries, focusing specifically on their management of CCPs within the FSMS.
This assessment forms the basis for specific objective 3 (SO-3), which aims to identify
and analyse key components of sustainability in wineries, anchored in FS performance
The focus is specifically on assessing the performance of CCPs related to the
contamination risk posed by arsenic, cadmium, and lead, identified as inadequately
controlled points. The methodology involves a questionnaire with sixteen questions
utilizing a Likert Scale for quantitative variables, assessing training, legislation, and
analysis components. The study expanded beyond a single Wine Protected Designation of

Origins (WPDO), encompassing all denominations of origin across Spain, to broaden the
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scope of the research and enhance its comprehensiveness. This expanded focus allows for
a more thorough and representative analysis of the sustainability practices in wineries

and their management of FS risks nationwide.

The study was conducted in the latter half of 2022 in various Spanish wine regions, and it
employed statistical methods, including descriptive statistics and non-parametric tests
like Spearman correlation coefficient and Kendall's Tau coefficient. The sample consisted
of 139 wineries selected from different WPDO, using a non-probabilistic sampling method

based on previous information.

The survey was distributed twice over two months, and it focused on wineries' knowledge
of and adherence to national legislation regarding arsenic, cadmium, and lead
contamination risks. It also explored information available to wineries regarding
vineyard soil conditions, fertilizer usage, and chemical analysis of soils. Questions delved
into wineries' procedures and resources for chemical analysis in grapes and wines,

including the use of external laboratories and the possession of spectrometry equipment.

The questionnaire was organized into five sections that covered winery characteristics,
implementation of PRPs and HACCP, worker training, legislation awareness, soil and
chemical analysis information, and resources for chemical analysis. The study involved
thirty-two responding wineries, representing 23% of the sampled wineries, and aimed to
provide a comprehensive assessment of wineries' management of CCPs related to arsenic,

cadmium, and lead contamination risks in the winemaking process.

3.2.3 Third Step: Evaluation of EM performance in wineries and establishment of
performance indicators by evaluating their EMS based on ISO 14001:2015.

The study employs a survey-based research design to evaluate the EMS performance in
[talian wineries, with the survey being conducted from June to November 2022. Targeting
120 wineries across various Italian wine regions, this comprehensive assessment
underpins specific objective 2 (SO-2), which is to analyse and evaluate the effectiveness
of EM practices in promoting sustainability within the wine production. Additionally, the
case study is crucial for achieving specific objective 3 (SO-3), which involves identifying
and analysing key sustainability components in wineries, particularly those related to EM

performance. The selection of wineries in Italy was strategic, given that the country is
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recognized as the European nation with the most extensive implementation of EMS,
particularly those based on ISO 14001:2015 standards (Enhesa, 2024). This focus not only
allows for a comprehensive evaluation of EMS performance within a leading wine-
producing country but also offers insights into the adherence to and effectiveness of

international EM standards within the viticultural sector.

Data analysis involved SPSS Windows software and Excel with calculated statistics
including frequencies, central position values, and non-parametric tests such as

Spearman correlation coefficient and Kendall's Tau coefficient.

The Italian wine industry unique characteristics, marked by high segmentation and
duality, were considered in the sample selection. The non-probabilistic method was
employed, utilizing prior information for selection rather than randomization. A total of
thirty-four wineries responded to the questionnaire out of the one hundred and twenty

surveyed.

The survey questionnaire was structured with thirty-two questions divided into twelve
sections and it was designed based on ISO 14001:2015 content and previous research
studies. Closed-ended questions, Likert scales, and open-ended questions were used to
gather information on various aspects of wineries' EM, including communication
strategies, environmental objectives, top management commitment, formulation of
environmental policies, key environmental aspects in winemaking, emergency plans,
document control, workers' training, legal compliance, and risk/opportunity assessment.
The questionnaire aimed to evaluate wineries' effectiveness in managing environmental

performance and adherence to ISO 14001:2015 standards.

3.2.4 Fourth Step: Wineries performance assessment tool: Sustainability Matrix

The fourth step of the research process synthesizes findings from the first three phases,
achieving specific objective 4 (SO-4) by developing a Sustainability Matrix (SM)
specifically for wineries. This matrix serves as a practical tool to measure and track
wineries sustainability progress. This matrix stands as a pivotal achievement in the thesis,
leveraging key performance indicators meticulously calculated from the data amassed in

the previous steps. Each indicator within the matrix has been strategically developed to
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encapsulate key aspects of sustainability in the winemaking process, focusing on critical
parameters that reflect the wineries compliance with FS and EM.

Through the integration of diverse data sets, spanning FSMS and EMS, the matrix offers a
robust framework for assessing and benchmarking sustainable practices performance
across wineries. It captures not only the adherence to predefined safety and
environmental protocols but also the effectiveness of implemented practices in mitigating

risks and enhancing sustainable operations.
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4 Results

4.1 Article one

Lépez-Santiago, ]., Garcia, A. L. G., & Gémez-Villarino, M. T. (2022). An Evaluation of Food
Safety Performance in Wineries. Foods, 11(9), 1249

The study addresses the specific objective (SO-1)., which is to analyse and evaluate the
FS management in promoting the sustainability of the wine production, by examining the
enforcement of hygiene legislation and the application of the HACCP methodological

framework.

The examination of wineries based on their annual wine production underscores the
significance of implementing PRPs as a pivotal facet of EM. The wineries are classified into
four groups, with the highest production group (annual wine production greater than
500,000 L/year) not yielding responses. The study discloses that a substantial 91.5% of
wineries have successfully implemented PRPs, delineating the percentage of wineries that

have incorporated specific programs within the standard PRPs.

In terms of FS worker training, the analysis reveals that 81% of wineries have a workforce
where at least 50% are trained in GMP in winemaking, with a noteworthy concentration
in wineries exceeding 100,000 L/year. Concerning PRPs knowledge, 95% of wineries
report that over 50% of their workforce possesses adequate knowledge, highlighting

variations based on annual wine production.

The economic perspective uncovers that 62% of wineries formulate their PRPs plans
without a specific annual budget. In contrast, 40% of wineries with an annual production
ranging between 100,001 and 250,000 L/year, and 100% of those exceeding 250,000
L/year, maintain a dedicated budget. This underscores a substantive correlation between

winery size and the presence of a specified annual budget for PRPs development.

A comprehensive exploration of HACCP implementation in wineries is conducted,
encompassing the overall implementation rate, performance in principles one and two,
and a meticulous examination of specific control points. The study discloses that 76.2%

of wineries have embraced HACCP, with variations contingent on annual production
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levels. CCPs are categorized into five groups based on median values and variability,
portraying the extent of control over each CCP, ranging from "Never" controlled to

"Always" controlled.

Moreover, the performance analysis of CCPs highlights varying degrees of control over
specific winemaking steps, underscoring the pivotal role of well-controlled CCPs in
ensuring the safety of the final product. Correlations between different CCPs are explored,
revealing associations between safety and purity control of additives, control of residue
from wine clarifiers, and other key variables. The text delves into the impact of annual
wine production on CCP control, with most variables showing no significant differences

based on production levels, except for VAR6.1.

This study delivers a detailed and nuanced analysis of HACCP implementation and control
performance in wineries, shedding light on specific critical points that necessitate
heightened attention to guarantee the safety and quality of the final wine product. The
subsequent focus on the practical implementation of HACCP Principles three to seven
reveals variations across different production levels, emphasizing key aspects such as the
adoption of critical limits, surveillance systems, corrective measures, verification
procedures, and registration/documentation systems. The findings underscore the
diversity in HACCP system documentation among wineries, with an insightful breakdown
of the inclusion of diverse types of documents. Overall, the text provides a comprehensive
understanding of the practical application of HACCP principles, recognizing the pivotal

role they play in ensuring FS within winemaking processes.

The findings offer insightful responses to the RQs about the metrics that most effectively
quantify the performance of FSMS, in promoting sustainable practices within
winemaking. Additionally, the results shed light on which specific practices and
compliance measures within FSMS are most reflective towards wineries sustainable
winemaking practices. Furthermore, this case study explores how these practices
contribute to broader sustainability within the wine production, providing a deeper
understanding of the critical elements that drive sustainable advancements in the
industry. The study demonstrates that the methodology employed becomes an
appropriate tool for measuring the performance of wineries in implementing their FSMS.

Factors such as worker training, the correct application of HACCP principles, and
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fundamentally, the proper control of CCPs explain the adequate performance in the

implementation of FSMS in the winery.
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Abstract: Wine production has food safety hazards. A Hazard Analysis Critical Control Point
(HACCP) system makes it possible to identify, evaluate, and control significant food safety hazards
throughout the wine production process. The Prerequisites Programs (PPRs) and HACCP perfor-
mance in Protected Denomination of Origin “Vinos de Madrid” wineries were analyzed. Winery
performances were evaluated for every critical control point (CCPs) in each winemaking process
stage, including their implementation of PPR and HACCP principles. This study was developed
through a survey of 55 questions divided into 11 sections, and it was conducted on a sample of
21 wineries. The results revealed that the CCPs worst performance level are for the control of met-
als (Cd, Pb, As) in grapes and fungicides or pesticide control in the harvest reception. A total of
91.5% of the wineries had implemented a prerequisites program (PPRs), regardless of their annual
wine production. However, there was variability in the type of prerequisite plans, training, level of
knowledge of operators, and annual budget allocation. Three out of four wineries had an HACCP,
although corrective action procedures and verification procedures had the lowest and the worst
HACCP practical implementation. The significant barriers for HACCP performance in wineries are
linked with a lack of food safety staff training, low involvement of all staff in food safety tasks, and
poor application of CCP chemical and microbiologic control methods.

Keywords: beverages; HACCP; food hazards; food safety; wine; wineries

1. Introduction

Wine is an alcoholic beverage that results from the fermentation of grapes. The
winemaking process follows appropriate steps along with the addition of certain additives,
such as sulfur dioxide, tartaric acid, or egg albumin [1]. The wines are manufactured using
a common generic process but with some variations depending on the type of wine that is
being produced. In the European Union, these oenological practices are regulated by EC
Regulations n° 423 /2008, n° 479/2008, and n° 606/2009 [2—4].

The process of making red wine begins when grapes are harvested and transported to
the winery. Grapes are crushed and stemmed, obtaining a semi-liquid composed of skins,
seeds, pulp, musts, and scrapes. Subsequently, it receives corrections such as the addition
of sulfur dioxide to obtain an antioxidant and an antiseptic effect. All these additives are
regulated in the European Union by EC Regulations n° 1333/2008, n° 1129/2011, and n°
1130/2011 [5-7].

Alcoholic fermentation takes place in large vats, and it is triggered by yeasts when
sugars are converted in ethanol [8]. Maceration and fermentation processes occur simul-
taneously [9,10]. The liquid part of the grape is also called must-wine. Must-wine is
transformed by fermentation. At the same time, must-wine exchanges components with
the solid parts of the grapes. The extraction of anthocyanins from the skins is of major
interest because they are responsible for providing the final red color of wines [11-13].
Alcoholic fermentation takes from 10 to 20 days, depending on the temperature [14].
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Vat is drawing off and the malolactic fermentation starts to transform malic acid into
lactic acid by lactic bacteria [15]. Malolactic fermentation achieves the lasting stabilization
of the wine, preventing the development of other types of bacteria [16]. Particles, such as
yeasts, solids, or other organic matter, are decanted and deposited at the bottom of the vat.
All these particles are known as “wine waste”.

Racking avoids any contact between the wine and the “wine waste”, which can cause
losses in the organoleptic properties of the wine. Suspended particles are removed by
adding clarifying or colloidal substances, such as egg albumin, gelatin, or alginate [17-19].

Wine is filtered through a porous material to retain possible solid particles that remain
in the liquid phase eliminating turbid or precipitated wines [20].

Wine is stabilized chemically and biologically by cold keeping wine stable in the long
term [17]. This stage inhibits microbial growth, and it avoids oxidative reactions. Finally,
wine is bottled to protect it from external agents that deteriorate it.

During all of the above processes, the characteristic flavor and aroma of wines are
formed [21,22]. However, grapes, must, and wines are susceptible to several safety hazards.
These food safety risks include physical (metal parts, glass, insects), chemical (pesticide
residues, heavy metal residues, urea), and microbiological (pathogens) hazards affecting
the health of consumers [23].

Hazards that appear in wine production may come from the environment, processing
equipment, and workers of the winery. Nevertheless, the two common causes of major
food safety incidents are those related to undeclared allergens and cross-contamination [24].
Hygienic conditions and practices are required to prevent the introduction of hazardous
agents. In winemaking, the main hazardous agents are the increase in the microbiological
load or the accumulation of residues and other chemical and/or physical agents produced
directly and indirectly.
to health or unfit for human consumption” [25]. Food security occurs when “all people
have permanent physical, social, and economic access to safe, nutritious food in sufficient
quantity to meet their nutritional requirements and food preferences, and thus be able to
lead an active and healthy life” [26].

This concept has been growing in importance over the last decades, extending not
only to food but also to all links in the food chain, from primary production through the
processes of transformation, manufacturing, handling, and packaging to sale to consumers
and the preparation of food by the final consumer.

In this context, a critical control point (CCP) “is a point in a step or procedure at which
a control should be applied for the prevention or elimination of a hazard or reduction to an
acceptable level” [24]. A critical control point hazard analysis (HACCP) makes it possible
to identify, evaluate, and control significant CCPs throughout the food production process.
Once these possible hazards have been identified, whether they constitute a critical control
point (CCP) is assessed, and then the reference limits or critical limits are established by
applying preventive measures that prevent non-conformities or deviations from these
established limits [27-29].

Hazard Analysis Critical Control Point (HACCP) systems are defined as preventive
programs focused on the production of safe food products [23]. The HACCP system
emerged in 1959 when the Pillsbury company together with the United States Army and the
National Aeronautics and Space Administration (NASA) developed a program to produce
safe food. It was considered that the most important diseases that could affect astronauts
were those related to the food they would consume [27]. The Pillsbury company introduced
HACKCEP as the system that could offer the highest food safety because it controlled the
entire production process from the beginning of the processing chain. The HACCP program
had only three principles in its origins, while it currently has seven. The National Academy
of Sciences (NAS) [30] and the National Advisory Committee on Microbiological Criteria
for Foods (NACMEF) is responsible for this expansion and its subsequent adoption by the
Codex Alimentarius in 1993.
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In 2003, a global consensus was reached for the use of HACCP in the global food supply.
The Codex Alimentarius Food Hygiene Committee of the World Health Organization issued
the Hazard Analysis and Critical Control Points guidelines for International Trade [31,32].
Soon after, the European Union, Canada, Australia, and Japan issued regulations requiring
food businesses to develop and to implement food safety plans based on the NACMCF
and the Codex Alimentarius frameworks [33].

Nowadays, the HACCP method is an internationally recognized systematic approach
to food security that seeks to comply with the development and the realization of effective
food safety practices [34]. It is based on seven principles that identify and control food
safety hazards (Table 1) [34,35]. In addition, HACCP ensures that appropriate corrective
actions are taken, where necessary, and that a registration system is available for documen-
tation [36]. Under these principles, if any deviation occurs, it indicates that control has been
lost. In that case, it is of paramount importance taking appropriate steps to restore control
and to ensure that potentially dangerous products do not reach the consumer [37].

Table 1. Key principles of Critical Control Point Hazard Analysis (HACCP).

Number Principle Description

Hazards should be identified
and the associated risks that
accompany them should be

Principle 1 Perform a hazard analysis assessed at each stage of the
production system and
possible control measures
should be described.

Critical control points must be
determined.

Principle 2 Determine Critical Control Points (CCPs)

A critical limit must be
associated with each control

Principle 3 Set critical boundaries measure to ensure that critical
control points (CCPs) are
under control.

A surveillance system should
be implemented to ensure that
CCPs are within critical limits
and therefore under control

Principle 4 Establish a surveillance system

Corrective measures to be
taken when the surveillance
Principle 5 Establish corrective measures system detects that a CCP is
outside the control limits
should be established

Verification procedures should
be established to confirm that
the HACCP is functioning
effectively and correctly.

Principle 6 Establish verification procedures

A system of record should be
Establish a system of registration and established on all procedures
documentation performed and the associated
records.

Principle 7

An HACCP program is required to be built on a solid foundation of previous programs
called prerequisite programs (PPRs) [38]. In accordance with what is described in the Codex
Alimentarius [31,32], PPRs are based on the general principles of food hygiene [39]. Thus,
PPRs provide basic environmental and operating conditions that are necessary to produce
safe and healthy food. They address issues related to the cleaning and the disinfection
of facilities and equipment, the supply and the use of supply water, pest prevention and



Foods 2022, 11, 1249

40f 15

control, staff handling practices and knowledge of food safety, and the identification and
the location of food produced and marketed [29,40]; PPRs are built with different types of
programs that develop each issue.

While the HACCP focuses on the dangers that depend solely on the production process
of the wines, PPRs seek to eliminate all those dangers that depend on the work environment
in the winery. The types of PPRs depend on the winery in which the HACCP is going to be
implemented, and they have to be adapted in a specific way.

The application of HACCP has advantages, but it also has certain drawbacks. The
main advantages from its application are guaranteeing food safety, allowing the control
of each of the phases of the food chain that intervenes in the elaboration of a product,
facilitating the supervision of the system by competent authorities, and its application to
all food companies, regardless of their size or activity.

However, HACCP presents certain drawbacks, such as the need for: specific technical
and material resources that are not always available to the industry; the training and the
commitment of industry employees; methods for determining difficult critical control
points [41]; and continuous evaluation and analysis of data [38].

Consequently, the aim of this study is to evaluate PPRs and HACCP implementation
performance in wineries and the identification of the main barriers that hamper an optimal
implementation.

2. Materials and Methods
2.1. Study Design

The performance of an HACCP program was assessed in a Protected Designation
of Origin (PDO) “Vinos de Madrid” wineries sample. A survey was conducted in this
sample in the last quarter of 2021. The collected data were analyzed with statistical
methods using the SPSS for Windows software (IBM Corp. Released 2020. IBM SPSS
Statistics for Windows, Version 27.0. Armonk, NY, USA: IBM Corp.). Frequencies and
central position values were calculated for all variables. A Spearman correlation coefficient
(p) for nonparametric measure of rank correlation with a significance level of p < 0.01,
Kruskal-Wallis non-parametric test and contingency table were carried out.

2.2. Sample Selection

Protected Designation of Origin “Vinos de Madrid” has a total population of 51 wineries.
They produce 78% percent of the total wine production of the Madrid Region [42]. The
sampling method was the non-probabilistic method. The sample selection was made using
the researcher’s previous information, instead of random selection [43].

The food-safety staff of wineries were asked about their Prerequisite and HACCP
programs performance by a survey.

The survey was sent by email to every winery of the sample. The e-mailing was made
on three occasions. In addition, an attempt at telephone contact was made by each of the
wineries in the sample. A total of 21 wineries answered the survey.

The response rate (RT) was the percentage of the eligible sample from which in-
formation was obtained [43]. The RT was 21/50 representing 42% of the sample. The
non-response rate (NRT) was the ratio between the number of rejections contacted and the
number of all units selected [43]. The NRT was 29/50, representing 58% of the sample. The
NRT reduced the sample size to 21 wineries up to a population of 51.

2.3. Survey Preparation

The survey design was carried out using a structured questionnaire. Each question
had a limited alternative answer. These types of questionnaires are used for conclusive and
descriptive research [43]. The survey had a total of 55 questions divided into 11 sections.

The first section consisted of seven questions related to annual red wine production
and PPRs implementation. The first question identified the winery size according to its
annual red wine production. We considered five groups when preparing the first question.
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This group distribution covered all possible cases of responses according to the PDO “Vinos
de Madrid” wineries annual red wine production [44]. The other six questions were focused
on PPRs application. These questions asked about: how PPRs were drafted, communicated,
and known by the winery staff; how PPRs application evidence and compliance were
generated as updated records; and how PPRs are financed.

Sections two to ten were related to evaluating HACCP Principle 1 Perform a Hazard
Analysis and HACCP Principle 2 Determine Critical Control Points (CCPs). These 9 sections
contained a total of 37 items. These 37 items were prepared using the results obtained in
several scientific and technical studies [23,45-48], and they provided qualitative information
about the analysis and the control over the different hazards and critical control points
(CCPs) in each stage of the red wine production process.

Each of the 37 items was assigned a qualitative scale “Never”, “Hardly ever”, “Usu-
ally”, and “Always”; it was coded using a Likert scale [43]; and a quantitative variable
was assigned to each item, respectively. Although the recommended Likert scale is five
categories, we truncated the scale to four categories to eliminate the “neutral” option in a
forced choice survey [49-51]. The numerical scale correspondence was “Never” with zero
(0), “Hardly ever” with one (1), and “Usually” with two (2), and “Always” with three (3).
A high variability in a quantitative variable was considered when its interquartile range
value was equal or greater than two.

Section 11 contained 11 questions about the practical implementation of principles
3 to 7 on which the HACCP was based. The HACCP Guidelines were used for question
preparation [29,52]. Eight items were dichotomous, and three items were multiple choice.

Principle 3 Setting Critical Limits was evaluated with a dichotomous question Yes/No.
However, an affirmative option introduced the assessment of whether the winery only
focused on the application of the legislation or if the winery also included the technical
recommendations made by professional entities of viticulture.

Principle 4 Establishing a Surveillance System was evaluated with three questions.
A dichotomous question about a surveillance system for CCPs establishment, a multiple-
choice question about the CCPs implemented verification methods, and a dichotomous
question about the implementation of a hazard monitoring actions program.

Principle 5 Establishing Corrective Measures was evaluated with one dichotomous
question that asked about establishment of procedures for corrective measures.

Principle 6 Establish Verification Procedures was evaluated with four questions. A
dichotomous question about the CCPs system establishment of verification procedures, a
dichotomous question about the control frequency of each critical control point and the
person responsible for carrying it out, a multiple-choice question about staff involved
in verifying the effectiveness of the CCPS system, and a dichotomous question about
conducting an annual HACCP internal audit that introduced the periodicity factor in the
affirmative option.

Principle 7 Establish a System of Registration and Documentation was evaluated with
two questions: a dichotomous question about HACCP registration and documentation
implementation that introduced the factor of updating and the periodicity with which the
documentary review was carried out; and a multiple-choice question about the type of
documents included in the winery’s HACCP.

The study tested three research hypotheses: Hypothesis 1 (H1) the effectiveness of the
PPRs performance is different in each winery; Hypothesis 2 (H2) CCPs control performance
is different for each of them; and Hypothesis 3 (H3) HACCP principles have different levels
of implementation in wineries.

3. Results

The wineries were distributed according to their annual wine production. Four groups
were considered instead of five, as we did not get any response for the group with an
annual wine production greater than 500,000 L/year. Thus, annual wine production
was recorded as follows: 47.6% of the wineries had an annual wine production between
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25,001 and 100,000 L/year; 23.8% of the wineries had an annual wine production between
100,001 and 250,000 L/year; 23.8% of the wineries had an annual wine production of up to
25,000 L/year; and 4.8% of the wineries had an annual wine production between 250,001
and 500,000 L/year.

3.1. Prerequisites (PPRs) Implementation

In total, 91.5% of wineries had implemented a prerequisites program, regardless of their
annual wine production; 9.5% of wineries had not implemented a prerequisites program.

The percentage of implementation of each type of program that made up a standard
PPRs [29] in the wineries is showed in Figure 1.

1. Maintenance of buildings, facilities and equipment
2. Good handling practices

3. Cleaning and disinfection

4. Waste control

5. Pest control

6. Control for drinking water

7. Traceability control

Type of Program

8. Supplier control
9. Allergen control

10. Workers' training

0% 20% 40% 60% 80% 100%
Wineries percentange

Figure 1. Percentage of wineries that have implemented each type of program included in a standard
prerequisites program (PPRs).

A pest control program was implemented in all the wineries; 95% of wineries had
implemented a cleaning and disinfection program and a good handling practices program;
and 85% of wineries had a maintenance of buildings, facilities and equipment program and
a waste control program. However, a traceability control program (55%), supplier control
program (65%), workers’ training program (60%), and control for drinking water program
(45%) were implemented in nearly one out of two wineries. Finally, the allergen control
program (35%) existed in only one out of three wineries.

Table 2 shows the results regarding the percentage of workers that have received
training in good manufacturing practices in winemaking (GMP) and the percentage of
workers with knowledge about the PPRs by type of winery, according to their annual wine
production, and by the total of the wineries.

Table 2. GMP workers training and PPRs workers knowledge by type of winery, according to their
annual wine production and by the total of the wineries.

GMP Workers Training PPRs Workers Knowledge

(%) (%)

Wine Annual Production Percentage of Wineries Over Total
All More than None All More than None

50% 50%
up to 25,000 L/year 23.8 50 0 50 40 20 20
between 25,001 and 100,000 L/year 47.6 36 55 9 50 50 0
between 100,001 and 250,000 L/year 23.8 60 40 0 80 20 0
between 250,001 and 500,000 L/year 4.8 100 0 0 100 0 0
Percentage of total wineries 100 48 38 14 62 33 5
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A total of 81% of wineries had at least 50% of workers that had received training on
good manufacturing practices in winemaking (GMP), the results obtained indicate that
81% of wineries had at least 50% of the staff trained in GMP.

Regarding their annual wine production, the wineries that exceed 100,000 L/year
were those with the highest percentage of workers that had received GMP training.

In total, 95% of wineries indicated that more than 50% of workers had knowledge
about their prerequisite program, while 62% of wineries had all their workers knowing
their PPRs, and 38% of the wineries had more than 50% of their workers knowing their
PPRs. In contrast, 20% of wineries with annual wine production up to 25,000 L/year hadn "t
any workers with GMP training received.

The results obtained regarding the existence of an annual economic endowment
through a detailed annual budget for the development of the prerequisite program are
shown in Table 3.

Table 3. Annual budget of existing PPRs by type of winery, according to their annual wine production
and by the total of the wineries.

Annual Budget PPRs
Annual Wine Production Percentage of Wineries Over Total Annual Specification No Detail None

(%) (%) (%)
up to 25,000 L/year 23.8 20 20 60
between 25,001 and 100,000 L/year 47.6 0 82 18
between 100,001 and 250,000 L/year 23.8 40 60 0
between 250,001 and 500,000 L/year 4.8 100 0 0
Percentage of total wineries 100 24 62 14

A total of 62% of the wineries were making plans according to their needs without
having a specific annual budget beforehand. This fact occurred in 82% of wineries between
25,001 and 100,000 L/year and in 60% of wineries between 100,001 and 250,000 L/year.

The existence of a specific annual budget occurred mainly in the largest wineries: 40%
of the wineries between 100,001 and 250,000 L/year and in 100% of the wineries between
250,001 and 500,000 L/year, while 60% of wineries with up to 25,000 L/year did not have
any annual budget.

3.2. Critical Control Point Hazard Analysis (HACCP) Implementation

A total of 76.2% of wineries had implemented a HACCP. One out four wineries had
no HACCP. This occurred in 30% of wineries with an annual production between 25,001
and 100,000 L/year, in 20% of wineries with an annual production between 250,001 and
500,000 L/year, and 20% of wineries with production up to 25,000 L/year.

3.2.1. Performance in Principles One and Two: Critical Control Points

The results of CCPs control performance are shown in Table 4. This contingency
table [43] is formed by the medians of each of the categorical variables associated to each
CCP analyzed. Variables appear in rows and their median values appear in columns. In
addition, the last right column shows which variables have a high variability.

Five groups were determined considering the median value of each variable and the
existence of high variability measured by the interquartile range.

Group I is formed by variables with a median equal to zero, corresponding to the fact
that the CCPs linked to “Never” were not controlled. Additionally, variables have a high
variability. Thus, VAR2.3 and VAR4.1 belong to this group, and they are shown with a red
cell and “Y” in Table 4.

Group Il is formed by variables with a median equal to one, corresponding to the fact
that the CCPs linked to “Hardly ever” were controlled. Additionally, variables have a high
variability. Thus, VAR2.1, VARS.1, and VAR9.3 belong to this group, and they are shown
with an orange cell and “Y” in Table 4.
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Table 4. Contingency table of the medians of each variable associated to each evaluated CCP.

Frequencies D a % = E;
2 2 & 3 I
%z § ¢
N s , < 3 : % %
Winemaking Steps Variable/Critical Control Point (CCP) T =
VAR1.1 Grape inspection previous harvest in vineyards. Y
1. Harvest and grape transportation  VAR1.2 Grape inspection during harvest in vineyards. .
VAR1.3 Transportation time of harvest from vineyards to winery. - Y
VAR?2.1 Presence of fungicide residues and/or pesticides in grapes. Y
2. Harvest reception VAR2.2 Presence of mycotoxins from grape rot. -
in the winery VAR2.3 Contamination by metals (Cadmium, Lead, Arsenic) in grapes. - Y
VAR2.4 Contamination by plant residues, dust and/or metal elements.
3. Pre-hatching treatments VAR3.1 Vat cleaning to eliminate residues of microorganisms. .
VAR3.2 No residues of cleaning and disinfection products in vats.
) VAR4.1 Time that remains the must in the crusher after crushing. - Y
éuigﬁleg crushing and must VAR4.2 Cleaning of crushing equipment. -
VAR4.3 No residues of cleaning and disinfection products in vats. -
5. Sulphited and vatted VARGS.1 Safety and purity of the additives. Y
VARS5.2 No microorganisms in equipment and vats. -
VARG6.1 Concentration of ethylocarbamate in fermented must. Y
VARG6.2 Concentration of sulphur dioxide in fermented must.
6. Alcoholic fermentation, VARG6.3 Purity and safety of yeasts. . Y
maceration, vat emptying, pressing, =~ VAR6.4 Temperature during fermentation.
malolactic fermentation VARG6.5 pH of red wine during malolactic fermentation. -
VARG6.6 Hygiene during vat emptying/pressing operations. -
VARG6.7 Cleaning of pressing equipment. - Y
VAR?.1 Cleaning procedures for vats and racking equipment. -
VAR?.2 Maintenance and cleaning of the facilities during racking.
VAR?.3 Purity and safety of agents used as clarifiers of the wine. . Y
f7i.ltI§:tCil;ir?g, clarification, and VAR?7.4 No residues of clarifiers in the wine. Y
VAR?.5 No weird elements from filters in the wine. -
VAR?.6 Hygiene during clarification and filtering operations. -
VAR?.7 No residues of cleaning and disinfection products in vats. -
VARS.1 Limit concentrations of metals (traces of As, Cu, Pb) in the wine. Y
8. Cold stabilization
VARS.2 Additives accepted by current food legislation. -
VAR9.1 Bottle cleaning procedures. Y
VAR9.2 Cleaning procedures of the bottling line. -
VAR9.3 No microorganisms in the bottling line. Y
9. Bottling and labelling VAR9.4 No microorganisms in bottle cap. - Y
VAR9.5 Correct coding of the label used on the bottles. -
VARO.6 Correct description of allergen information on bottle labels. -
VAR9.7 Correct description of P.D.O. information on bottle labels. -

Group I and Group II represent the Critical Control Points (CCPs) that are worst
controlled in wineries, and they therefore pose a high risk for the safety of the final product.
Figure 2 shows that absence of contamination control by metals (cadmium, lead,
arsenic) in grapes at the harvest reception and time control that must be kept in the crusher
are the critical points not controlled in 50% of wineries. Critical points that are poorly
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controlled in 50% of wineries include: control over fungicide residues and/or pesticides in
grapes at the harvest reception in the winery, control of the concentration limits of metals
(traces of As, Cu, Pb) in the wine during cold stabilization, and controlling the absence of
microorganisms in the bottling line at the bottling and labelling stage. A strong positive
correlation was found between the presence of fungicide residues and/or pesticides in
grapes and contamination by metals (cadmium, lead, arsenic) in grapes (o = 0.850).

Group land Group I

Figure 2. Median and range interquartile for variables included in Group I and Group II.
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Group 11l is formed by variables with a median equal to two, corresponding to the
fact that the CCPs linked to “Usually” were controlled. Additionally, variables have a high
variability. Thus, VAR5.1, VAR6.1, VAR7 .4, and VAR9.1 belong to this group, and they are
shown with a light green cell and “Y” in Table 4.

Group 1V is formed by variables with a median equal to three, corresponding to the
fact that the CCPs linked to “Always” were controlled. Additionally, variables have a high
variability. Thus, VAR1.1, VAR1.3, VAR6.9, VAR7.3 and VAR9.4 belong to this group, and
they are shown with a dark green cell and “Y” on Table 4.

Group III and Group IV represent the Critical Control Points (CCPs) that are well
controlled in at least 50% of the wineries, however, there is a high variability that shows
a lack of control in the other 50%. Figure 3 shows these critical control points: grape
inspection during the previous harvest in vineyards and the transportation time of the
harvest from vineyards to wineries; the safety and the purity control of the additives used
in the sulphited and the vatted stage; control of the concentration of ethylocarbamate in
fermented must; the purity and the safety control of yeasts for fermentation; control of
the cleaning of pressing equipment after pressing; the purity and the safety control of
agents used as clarifiers; control of residue from wine clarifiers, control of bottle cleaning
procedures, and control of microorganisms in bottle caps.

A strong positive correlation was found between the safety and the purity control
of additives and the safety control of agents used as clarifiers (o = 0.929), the safety and
the purity control of additives and the control of residue from wine clarifiers (o = 0.916),
the purity and the safety of yeasts and the concentration of ethylocarbamate in fermented
must (o = 0.831), the safety control of agents used as clarifiers (p = 0.929), and the control of
residue from wine clarifiers (o = 0.916).
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Figure 3. Median and range interquartile for variables included in Group III and Group IV.

Group V is formed by variables with a median equal to three, corresponding to the
fact that the CCPs linked to “Always” were controlled. These variables represent all Critical
Control Points that are well controlled, and they are shown with a dark green cell in Table 4.

A Kruskal-Wallis test for independent samples in all groups defined on the null
hypothesis that the distribution of the qualitative variable is the same between the different
categories of annual wine production allowed for the consideration that the median and its
variability is the same regardless of the annual wine production of the wineries. The result
of this test accepted the null hypothesis for all the variables studied, except for VAR6.1

3.2.2. Performance in Principles Three to Seven

The results of the practical implementation of HACCP Principles three to seven are
reflected in Table 5, considering annual wine production of wineries. No data was received
for wineries over 250,001 L/year.

Table 5. Practical implementation of principles by type of winery, according to their annual wine

production and by the total of the wineries.

Principle 3 Principle 4 Principle 5 Principle 6 Principle 7
Annual Critical Surveillance Corrective Verification Registration and
Wine T o/l"xvef Limits System Measures Procedure Documentation System
t. ineri o o o o o
Production otal Wineries (%) (%) (%) (%) (%)

Yes Yes Yes Yes

No @ ®) No Yes No Yes No YES No © «

up to 25,000 L/year 25 0 25 75 0 100 25 75 25 75 0 25 75
between 25,001 and 100,000 L/year 50 125 375 50 125 875 50 50 50 50 12.5 50 375

between 100,001 and 250,000 L/year 25 0 50 50 0 100 0 100 0 100 0 50 50

Percentage of 100 62 375 563 62 938 313 687 313 687 6.2 438 50

total wineries

Regarding Principle 3, Table 5 shows that 56.3% of wineries established the target levels
and critical limits for each of the CCPs identified, following the mandatory regulations
and/or professional technical recommendations. A total of 37.5% of wineries established
target level and critical limits, but only for those in which there are applicable mandatory
regulations. Only 6.2% of wineries did not set any target or limit for CCPs. The smallest
wineries, producing up to 25,000 L/year, showed the best performance for this principle.
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In total, 93.8% of wineries implemented a surveillance system of critical control points
in accordance with Principle 4.

The sum of 68.7% of wineries had a written procedure for the establishment of the
corrective measures to be applied in case of identifying deviations in each of the CCPs
following Principle 5.

To verify the effectiveness of the HACCP system in compliance with Principle 6, 68.7%
of wineries had a procedure.

The worst performance for Principles 5 and 6 was shown in wineries between 25,001
and 100,000 L/year. One out of two did not implement a procedure of corrective measures
or a verification procedure.

With respect to Principle 7, 50% of wineries had a complete and periodically updated
registration and documentation system; 43.8% of the wineries had written records and
documents, but they were incomplete or not updated periodically.

The type of verification methods used by the wineries for the surveillance of CCPs were
evaluated according to Principle 4: 93.8% of the wineries performed visual observation,
87.5% performed physical determinations (temperature, relative humidity, pH), 81.3%
performed sensory assessment (smell, taste, aroma, texture), 81.3% performed chemical
analyses, and 43.7% performed microbiological analyses. In addition, 81.3% of wineries
had a written surveillance program that detailed the actions for hazards and their CCPs
monitoring at each wine production stage.

Regarding the implementation of Principle 6, the profiles of professionals that were
involved in the verification of the HACCP system were as follows: 100% oenologists,
53.8% managers, 46.2% of winery owners, 15.4% quality managers or similar, and 15.4%
winery operators.

Table 6 shows the control frequency and the audit achievements in the wineries. These
two elements serve to verify the practical implementation of Principle 6.

Table 6. Control frequency and audit achievements by type of winery, according to their annual wine
production and by the total of the wineries.

Principle 6
Annual Wine Production o Of’er Total Frequency (%) Audits (%)
Wineries
No Yes No Yes (e) Yes (f)

up to 25,000 L/year 28.6 25 75 25 25 50
between 25,001 and 100,000 L/year 42.8 33.3 66.7 50 33.3 16.7

between 100,001 y 250,000 L/ year 28.6 25 75 25 25 50
Percentage of total wineries 100 28.6 71.4 35.7 28.6 35.7

In total, 71.4% of the wineries detailed the control frequency of each CCP and the
person(s) responsible for carrying it out.

A total of 35.7% of wineries did not carry out audits, 35.7% of wineries carried out
annual audits, and 28.7% of wineries did audits but with a periodicity greater than a year.

Principle 7 is developed by 9 types of documents. The percentage of total wineries
that have included each type of document in their HACCP system is shown in Figure 4.
All wineries had a description of wine production process stages guide, 100% of wineries
had a Critical Control Points (CCPs) identification document, 93.8% had a hazard anal-
ysis and preventive measures identification document, 81.3% had an HACCP on-going
records, 88.8% had an HACCP team members list, 88.8% had a surveillance program with
monitoring activities, 56.3% had a corrective measures procedure, 55% had a documents
management system and a registration procedure, and 43.8% had results of verifications
and internal audit documents.
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Figure 4. The percentage of total wineries that have included each type of document in their HACCP system.

4. Discussion

The correct implementation of prerequisites programs and a Hazard Analysis Critical
Control Point (HACCP) system are essential to prevent illnesses and to ensure food safety
for people. Although, the methodologies of practical development of both instruments for
food and hygiene safety is widely spread and studied worldwide, it has been proven that
there are companies that still do not manage to obtain the maximum effectiveness in food
safety [53-55]. This study provides an overview of performance in the implementation of
prerequisite programs and the HACCP in wineries in the Madrid Region

The study results prove Hypothesis 1. They show that the effectiveness of the PRRs
performance is different in each winery. Although PPRs implementation is widespread in
DPO “Vinos de Madrid “wineries, their practical deployment level through compliance
with prerequisite plans (PPR) is different. A total of 95% of wineries have a PPR in place,
regardless of their annual wine production level; although, their PPRs practical implemen-
tation are different in terms of the types of plans implemented, the operators’ levels of
training and knowledge about them, and the annual budget allocated for PPRs execution.

Thus, one hundred percent of the wineries have a pest control plan, while only 35%
carry out an allergen control plan. Most of the wineries have operators trained in good
winemaking practices and prerequisites, but only one out of four have established annual
PPRs budgets. Both factors, workers’ training levels and economic allocation appear as
causes of the diversity in the level of deployment of PPRs.

It is recognized that without a good implementation of PPRs, it is difficult to correctly
develop a HACCP.

The study reveals that Hypotheses 2 is true. The CCPs performance control is different
for each of the 37 evaluated CCPs (see Table 4). A total of 22 CCPs are well-evaluated by
the wineries. However, there are significant differences among another 15 CCPs depending
on each winery. The worst control performance among wineries for CCPs appears related
to chemical controls of metals traces, fungicides and pesticides in grapes or wine, biological
controls of microorganisms in equipment, and operations stage controls as the remaining
time of the must in crushers. Deficiently controlled CCPs assume that hazards such as
the appearance of microorganisms, trace metals, fungicides, pesticides or other dangerous
products in grapes or wine may occur [23,46,56].
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Hypotheses 3 is proven. The results show HACCP principles have different implemen-
tation levels in wineries. The worst implemented HACCP principles are Principle 5 and
Principle 6. Only 78.7% of the wineries had established a corrective measures procedure
and a verification procedure.

Additionally, documentary and registration systems present great variability in their
practical implementation in wineries. Thus, most have identification documents of critical
control points and hazard analysis and determination of preventive measures, while less
than half do not have the results of verifications and internal audits.

In total, 93.8% of wineries had established a CCP monitoring system, but microbiolog-
ical testing methods were used by less than 50% of wineries. In addition, in almost half of
the wineries this surveillance falls solely on the oenologist, without involving the rest of
their workers.

5. Conclusions

This work demonstrates the need to continue improving in the technical implementa-
tion of the HACCP methodology and in training workers about food safety in wineries.

According to the barriers identified for the development and the implementation of
HACCEP by Vela & Fernandez [38], the establishment of new CCPs surveillance formats
involving the different professionals working in the wineries (enologist, manager, winery
operators, quality managers) will improve performance in the CCPs surveillance, and by
extension, the deployment level of the entire HACCP. Mojca Jevsnik stressed the importance
of a motivated, satisfied, and qualified personnel to assure an efficient HACCP [57].

A good implementation of PPR and HACCP contributes to eliminating food safety
risks that compromise people’s health. The first step forces the winery industry to improve
the identification, analysis, and evaluation of hazards and CCPs. To do this, wineries must
make improvements in their chemical and microbiological analysis laboratories. At the
same time, they must invest in training and sensitization of all staff in matters aimed at
methodological knowledge and a good development of PPRs and HACCP.

Leadership is essential to a good culture of safety [58]. Winery owners and managers
must demonstrate a full commitment to the good functioning of food safety systems. This
makes it easier for all workers to align with senior management to achieve the effectiveness
of food safety systems.

Research on the analysis of training levels in food safety for each of the professionals’
profiles working in the wineries is convenient, likewise research that relates the level
of commitment of workers classes according to the level of training acquired on PPRs
and HACCP.

Following these steps will help not only the wine industry but also the health of customers.
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4.2 Article two

Lopez-Santiago, J., Garcia, A. I. G., Villarino, A. G., Som, A. M., & Gémez-Villarino, M. T.
(2024). Assessing wineries' performance in managing critical control points for
arsenic, lead, and cadmium contamination risk in the wine-making industry: A
survey-based analysis utilizing performance indicators as a results tool. Heliyon,

10(1).

The research addresses the specific objective 3 (S0-3), focusing on the control of CCPs
as an instrument to evaluate sustainability in wine production. The study explores how
wineries manage worker training, follow legal regulations, and check for harmful
substances like arsenic, cadmium, and lead in grapes and wines. It elaborates three FSMS
performance indicators—FS Worker Training (FSWT), Legislation Identification and
Updating (LIU), and Critical Control Point Chemical Analysis Performance (CCP-

MCHEM)—to understand winemaking practices.

A key finding is that most surveyed wineries take FS seriously, with 96.9% following
regulations and 93.8% adhering to standards. Larger wineries have more workers trained
in both GMP and CCPs, aligning with industry expectations due to their resources. Notably,
there is a positive connection between GMP and CCPs training, showing a systematic
approach to ensuring FS. Smaller wineries also have a high percentage of trained workers,

but their absolute numbers may be limited by their workforce size.

Examining legislative compliance and Heavy Metal Food Contamination Risk (HMFCR)
laws, smaller wineries show suboptimal awareness of critical regulations. The use of
information from the National Agency (AESAN) is low overall, indicating a widespread
industry gap in using available resources for regulatory compliance. A positive correlation
between workers' CCPs training and identifying HMFCR legislation adds complexity,

highlighting the relationship between employee training and regulatory compliance.

Analysing vineyard chemical analysis, a positive connection exists between soil analysis
and fertilizer information. However, there is a notable lack of information on harmful

substances like arsenic, cadmium, and lead, especially in smaller wineries. This gap poses
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a challenge in assessing and mitigating contamination risks during winemaking,

potentially affecting the final product's quality and safety.

Introducing the CCP-MCHEM indicator, the research evaluates wineries' progress in
chemical analysis for harmful substances. Larger wineries perform better, but differences
persist across winery sizes, emphasizing the need for targeted interventions recognizing

the unique challenges faced by wineries of varying scales.

The findings provide insights into the research questions regarding the application of CCP
control, as a foundation of HACCP, for evaluating winery performance in terms of
sustainability. Specifically, they address the poorly controlled CCPs identified as posing
serious health risks. Furthermore, the results clarify a method for obtaining a quantitative
measure of sustainability within the wine industry using three qualitative performance

indicators.
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ARTICLE INFO ABSTRACT

Keywords: Human health hazards appear in wine production. Wineries have implemented food safety
Food safety management systems to control food hazards through Hazard Analysis Critical Control Point
Food hazards (HACCP). Wine-making industry applies HACCP by evaluating Critical Control Points (CCPs). One
H“?‘?CP X of the CCPs that exhibits inadequate control is the potential contamination risk of arsenic, cad-
Critical control points

mium, and lead throughout the winemaking procedure. Wineries performance level about con-
trolling CCPs related to contamination risk by arsenic, cadmium and lead in the winemaking were
analyzed. A sixteen-question questionnaire was made to achieve this research. Three indicators
were calculated for training, legislation, and analysis performance components in CCPs control.
Results revealed that wineries fault in analysis and legislation components. Identification and
updating of legislation about As, Cd and Pb contamination risk is in starting performance level for
wineries that produce less than 250,000 L/year wineries. Analysis performance level is even
lower than legislation. Only one out of every three wineries possess information regarding the
concentrations of arsenic, cadmium, and lead in the soils of vineyards where grapes are culti-
vated. Furthermore, the availability of data on their available concentrations in the soil solution is
even more limited. Those wineries that controlled As, Cd and Pb concentrations make it according
to official recommendations using techniques based on atomic absorption spectrometry. How-
ever, there is a lack of this spectrometry equipment in the wineries own laboratories.

Beverages

1. Introduction

Food hazards in winemaking arise from various sources, including improper practices by winery staff, equipment and infrastructure
used in winemaking, and environmental factors. Cross-contamination and allergens have been identified as the primary causes of food
safety incident [1]. The accumulation of residues, which can have physical, chemical, or microbiological origins, is a major concern in
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wine production. In this context, studies have shown that excessive intake of ions such as arsenic, lead and cadmium can be toxics for
human health [2,3].

Metals and metalloids present in grapes primarily come from the soil and the application of fertilizers, pesticides, and fungicides
containing substances like cadmium, copper, manganese, lead, or zinc [4]. Spanish soils naturally have elevated concentrations of
these elements, particularly arsenic [5-7]. High arsenic concentrations in vineyard soils in central Spain have been reported by
Jimenez-Ballesta (2023) [8]. Andersson and Nilsson found that chemical elements like cadmium, lead and arsenic from sewage sludge
fertilization (84 t/ha) remained in the top 20 cm of the soil for twelve years [9]. However, vines and grapes are not hyperaccumulators
of potentially toxic soil elements (PTEs), with higher concentrations of PTEs found on the outer parts (leaf and petiole) compared to the
inner parts of the grape (skin, pulp, and seed) [10].

Controlling metals and metalloids food hazards is achieved by addressing associated food risks. Wineries utilize Food Safety
Management Systems (FSMS) as to manage these risks. Good manufacturing practices (GMP) in winery operations establish hygienic
conditions aimed at preventing the presence of hazardous agents [11].

FSMS typically include Prerequisites Programmes (PRPs) [12] and a Hazard Analysis Critical Control Point (HACCP) [13,14] in
accordance with the reference regulatory framework in the European Union [15]. PRPs ensure appropriated environmental and
operational conditions necessary for producing safe and healthy food. PRPs address issues to the supply and use of sanitary water,
equipment and facility cleaning and disinfection, pest control and prevention, good manufacturing practices or staff knowledge of food
safety, allergens and food traceability [16].

HACCP is a globally recognized and standardized methodology for ensuring food safety. It is based on seven principles that focus on
identifying and controlling food safety hazards. The first three principles involve hazard identification, determining CCPs and
establishing of critical limits of these CCPs to ensure food safety [17,18]. Also, a HACCP plan encompasses control measures that can be
employed to proactively prevent, mitigate, or eliminate potential hazards. Regular monitoring and verification procedures, including

Table 1
Main CCPs and oPRPs in the production of young wine.
Wine-making process steps Critical Control Point vs Operational Prerequisite Programme
Harvest and grape transportation oPRP 2.1 Vineyards inspection prior to the harvest to know the general condition of the
grapes.

oPRP 2.2 Vineyards inspection during the harvest to know the state of grapes.
oPRP 2.3 Time control that takes to transport the harvest to the winery.
Harvest reception in winery oPRP 3.1 Control of residues of fungicides and/or pesticides existing in grapes intended
for winemaking.
oPRP 3.2 Mycotoxins control from grape rot.
oPRP 3.3 Control of the presence of contamination by plant debris, dust and/or metallic

elements.

CCP 3.1 Control of the presence of contamination by metals (Cd, Pb, As) in the grapes.
Pre-hatching treatments oPRP 4.1 Control of the cleanliness of the tanks to eliminate residues of microorganisms.

oPRP 4.2 Control of the absence of cleaning and disinfection products in the tanks.
Grape crushing and must pumping oPRP 5.1 Control of the cleanliness of crushing equipment.

oPRP 5.2 Control of the absence of cleaning and disinfection products in tanks, press and
pumping equipment.
CCP 5.1 Control of the wort maintenance time in the crusher.

Sulphited and vatted oPRP 6.2 Control of the absence of microorganisms in equipment and tanks.
CCP 6.1 Control of the safety and purity of additives
Alcoholic fermentation, maceration, vat emptying, pressing and oPRP 7.1 Control of the concentration of ethylocarbamate in fermented must.
malolactic fermentation oPRP 7.2 Control of hygiene during racking and pressing operations.

oPRP 7.3 Control of the cleanliness of pressing equipment.
CCP 7.1 Control of sulfur dioxide in fermented must.
CCP 7.2 Control of the purity and safety of yeasts.
CCP 7.3 Temperature control during fermentation.
CCP 7.4 Control of the pH of red wine during malolactic fermentation.

Racking, clarification, and filtration oPRP 8.1 Control of the cleaning procedures of tanks and transfer equipment.
oPRP 8.2 Control of maintenance and cleaning procedures of the facilities.
oPRP 8.3 Control of hygiene operations during clarification and filtering operations.
oPRP 8.4 Control of the absence of cleaning and disinfection products in tanks and
equipment.
oPRP 8.5 Control of the absence of foreign elements from the filters in red wine.
CCP 8.1 Control of the purity and safety of agents used as clarifiers in red wine.
CCP 8.2 Control of the absence of residues of agents used as clarifiers in red wine.

Cold stabilization CCP 9.1 Control of limit concentrations of metals (traces of As, Cu, Pb) in red wine.
CCP 9.2 Control of the additives used are those allowed by current food legislation.
Bottling and labelling oPRP 10.1 Control of bottle cleaning procedures.

oPRP 10.2 Control of maintenance and cleaning procedures of the red wine bottling line.
oPRP 10.3 Control of the correct coding of the labels used on the bottles.

oPRP 10.4 Control of correct allergen information on labels used on bottles.

CCP 10.1 Microbiological control of the bottling line of red wine and bottles.

CCP 10.2 Microbiological control of the cork stopper or similar used for closing the
bottles.
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rigorous testing, serve to validate the efficacy of CCPs, with swift corrective actions promptly implemented upon detecting any
contamination. Meticulous documentation and comprehensive record-keeping throughout the entire HACCP process stand as
imperative requirements for ensuring adherence to regulatory standards and facilitating traceability.

A critical control point (CCP) is a point in a step or procedure at which a control must be applied and is essential to prevent or
eliminate a food safety hazard or reduce it to an acceptable level [1]. Conducting a hazard analysis of CCPs enables the identification,
evaluation, and control of significant CCPs throughout the food production process. Once potential hazards are identified, their status
as a CCP is assessed, and reference limits or critical limits are established through the implementation of preventive measures to
prevent deviations from these limits [13,16,19]. Identification of CCPs is executed by employing the decision tree framework as
outlined by Codex Alimentarius, which was further tailored with ISO 22000: 2018 (E) criteria [20]. This procedure helps determine
whether the hazards can be effectively addressed as Operational Prerequisite Programme (0PRPs) or whether specific operational
protocols, including defined measures, are required for the management of CCPs [20,21]. Inadequate control of CCPs can lead to
contamination of grapes and wines with microorganisms, residues from phytosanitary products, or traces of heavy metal or metalloids
from soils.

Christaki, T. (2002) identified main CCPs in red wine production [22]. Benito, S. (2019) conducted a study on the identification and
control of CCPs during winemaking to mitigate the levels of various compounds, including biogenic amines, ethyl carbamate,
ochratoxin A, and sulfur dioxide [23]. Martinez-Rodriguez (2009) studied CCPs associated with microbial safety during wine pro-
duction, with a particular focus on Ochratoxin A [24].
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Table 1 shows main CCPs and oPRPs in the production of young wine based on previous research [20,22-25]. Fig. 1 shows a flow
diagram of wine-making process and corresponding CCPs to each stage of this process based on technical document [26] and Table 1.

Lopez-Santiago (2022) demonstrated that the presence of traces of heavy metals and metalloids in grapes and wines were inad-
equately controlled CCPs in wineries [27].

These metals and metalloids contamination hazards correspond to CCP 3.1, which involves controlling the presence of metals and
metalloids (Cd, Pb, As) in grapes at the Harvest reception stage in the winery, and CCP 9.1, which focuses on controlling the limit
concentrations of metals (traces of As, Cu, Pb) in red wine during the Cold stabilization stage in the flow diagram of the young wine-
making process as shown in Fig. 1.

According to Lopez-Santiago, fifty percent of the wineries exhibited a complete lack of control over the contamination hazards of
arsenic, lead and cadmium in grapes and wines [27].

Herce-Pagliai determined that the concentration of arsenic in Spanish wines ranged from 2.1 to 14.6 pg/L, and the average total
arsenic concentration was similar across all wine samples [28]. A review study by the Organisation Internationale de la Vigne et du Vin
(OIV) showed that Spanish wines consistently comply with lead concentration limits. The study analyzed sixty-five white and red
wines obtaining that lead concentration was below 0.05 mg/L [29].

International and national regulations establish maximum allowable levels of heavy metals and metalloids in grapes and wines to
prevent toxicity issues for consumers. The European legislative framework sets maximum permitted concentrations levels for arsenic,
lead and cadmium, along with guidelines for monitoring these levels [30-34]. According to OIV, the maximum acceptable limits for
certain metals in wine are 0.2 mg/L for arsenic, 0.01 mg/L for cadmium, 0.15 mg/L for lead [35]. German legislation sets 0.1 mg/L for
arsenic, 0.01 mg/L for cadmium, and 0.3 mg/L for lead, while Italian legislation sets it at 0.3 mg/L [36].

The control of metals and metalloids in grapes and wines is achieved through analytical methods recommended by the OIV, pri-
marily based on atomic absorption spectrometry due to its selectivity, sensitivity, and ability to directly measure these elements.
Graphite furnace atomic absorption spectrometry (GFAAS) or electrothermal atomization (ETAAS) are used for arsenic, cadmium, and
lead analysis. GFAAS allows detection limits to be lowered to the parts per billion (ppb) range with relative simplicity and eliminating
the need for prior extraction techniques [37]. Table 2 presents the OIV recommended methods for determining Arsenic [38], Cadmium
[39] and Lead [40] in wines and must.

Within this framework, the primary aim of this research is to assess the effectiveness of wineries in managing Critical Control Points
(CCPs) associated with contamination risks posed by arsenic, cadmium, and lead in grapes and wines. Additionally, the study aims to
develop a methodology for evaluating their advancement, incorporating the use of performance indicators within the HACCP plan to
highlight the element of training as a corrective action. Furthermore, the study aims to identify the challenges that impede achieving
adequate control.

Table 2
International methods to determine arsenic, cadmium, and lead in wines and must recommended by the OIV.

Element

Method

Summary

Arsenic

Cadmium

Lead

OIV-MA-AS323-01A
Determination of arsenic in wine by atomic
absorption spectrometer

OIV-MA-AS322-10
Determination of arsenic in wine by atomic
absorption spectrometer

OIV-MA-F1-10

Specific methods

Type IV method

Annex D: Heavy metals

D.1 Determination of lead level by Electrothermal
Atomic Absorption Spectrophotometry

This method is a recommended procedure for the determination of arsenic in wine using
GFAAS and hydride generation. The equipment required includes glassware, a water bath,
filters, and a spectrophotometer with specific instrumental parameters. Various reagents
such as nitric acid, potassium iodide, hydrochloric acid, sodium borohydride, and sodium
hydroxide are used. Calibration standards are prepared, and the sample preparation
involves evaporation, addition of potassium iodide and hydrochloric acid, and filtration.
The determination is performed by introducing the borohydride solution, hydrochloric acid
solution, and sample solution into the peristaltic pump. Calibration standards and samples
are analyzed, and the software establishes the arsenic concentration. Quality control is
maintained by including control samples from the Bureau Communautaire de Référence.
This method is a recommended procedure for the direct determination of cadmium in wine
using atomic absorption spectrometer. The apparatus required includes an atomic
absorption spectrophotometer with a graphite furnace, background correction, and a
recorder, as well as specific glassware and a cadmium hollow cathode lamp. Various
reagents, including phosphoric acid, ethylenediamine tetra-acetic acid solution, buffer
solution, and Eriochrome black T, are used in the analysis. The concentration of cadmium
sulfate is verified through titration with ethylenediamine tetra-acetic acid solution. The
procedure involves sample preparation, preparation of calibration standards, and
determination using specific furnace programming and atomic absorption measurements.
The results are expressed as the concentration of cadmium in micrograms per liter of wine.
This is an ETAAS technique for determining lead levels in grape sugar samples. It provides
instructions on reagents, equipment, calibration, safety precautions, and sampling. The
method covers a lead concentration range of 10 pg/kg to 200 pg/kg. The use of lead-free
reagents is emphasized, and calibration curves are used to calculate lead concentrations.
The apparatus required includes an atomic absorption spectrometer with specific settings.
The specific settings for the ETAAS method include using an electrothermal atomizer, a
hollow-cathode lamp for lead, a background noise correction device, and adjusting
temperature and gas flow rates for optimal measurement range and sensitivity. Zeeman
background noise correction is preferred to reduce interference. Precision parameters for
repeatability and reproducibility are provided for lead concentrations below 150 pg/kg.
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2. Materials and methods
2.1. Study design

The research study design was proposed by conducting a survey and its later analysis using right statistical methods. The sample
was selected among Spanish wineries from different wine regions. During last half of 2022, the survey was conducted, and then, SPSS
Windows software SPSS was used to analyse the data (IBM Corp. Released 2020. IBM SPSS Statistics for Windows, Version 27.0.
Armonk, NY, USA: IBM Corp.). The calculated statistics were frequencies and central position values. Non-parametric tests were
estimated obtaining Spearman correlation coefficient (p) and Kendall’s Tau coefficient (t) for nonparametric data, with a significance
level of p < 0.01. Non-parametric Mann-Whitney U Test for two independent samples were applied, with a significance level of p <
0.05.

2.2. Sample selection

Spain had approximately 4133 wineries in 2020 [41] and one hundred and one Wine Protected Designation of Origin (WPDO) [42].
One hundred-thirty-nine wineries were selected from different WPDOs for this research. The sampling methodology selected was the
non-probabilistic method [43,44]. Researchers used previous information to make the sample selection, instead of random selection
[45]. The criteria for configuring the sample were that there was diversity in wineries' sizes according to their annual wine production,
wineries must belong to a WPDO, and has been HACCP implemented. Wineries were asked about their performance in controlling the
risk of arsenic, lead, and cadmium contamination critical control point in the winemaking.

The questionnaire was sent twice to all the wineries in the sample, and additionally, the questionnaire was sent once again to fifty of
them through the ’Contact’ section of their website. Thirty-two wineries answered the questionnaire, which represents 23 % of the
wineries sampled.

2.3. Survey preparation

The survey design consisted of a questionnaire divided into four sections, with a total of fifteen closed-ended questions. The
questions were developed based on previous research studies [2,3,10,19,29,46,47]. The questionnaire can be found in Appendix A.
This type of questionnaire is commonly used in causal, descriptive, and conclusive research [48]. Fig. 2 illustrates the questionnaire
structure, including the contents of each section, and the questions and variables in each section.

Question G.1 determined winery size based on yearly wine production and assigned winery groups to cover all responses. Questions
G.2 and G.3 are dichotomous (yes/no) questions about PPR and HACCP implementation and, Question G.4 inquired about the number
of winery staff.

Question G.5 focused on the number of workers trained in Good Manufacturing Practices (GMP). It utilized a qualitative scale and a
quantitative variable represented by a Likert scale (ranging from 0.33 to 1). Variable Vg5 indicated the level of GMP training among
workers, with values of 0.33 representing "No workers have GMP training," 0.66 representing "More than half of workers have GMP
training," and 1 representing "All workers have GMP training."

Similarly, question G.6 asked about the number of workers trained in the control and monitoring of CCPs. It also utilized a

1

+ SIX questions related to annual wine production of each winery, implementation of PPRs and

SECTION HACCP, number of winery staff, and the knowledge of food safety workers through their
training.

b * Questions: G.1,G.2, G.3, G4, G.5and G.6

+ Variables: Vg5 and ygg

+ TWO questions regarding the knowledge and use of the national legislation on food
SECTION contamination by arsenic, cadmium, and lead that the winery had.

0 * Questions: ID.1 and ID.2

+ Variables: V|p; and V,p,

» THREE questions regarding arsenic concentration, cadmium concentration, lead concentration,
SECTION pH, and soil electric conductivity in the vineyards soils where the grapes come from.

THREE + Questions: CS1,CS2 and CS3
+ Variables: Vg4, Vesz @nd Vess

+ FOUR questions about procedures and available means for chemical analysis in grapes and

SECTION wines that wineries had available. Also, information about the spectrometry equipment that is
FOUR necessary for the concentration control of arsenic, cadmium, and lead analysis.

* Questions: CB1,CB2, CB3 and CB4

* Variables: Vg1, Vegy, Veas and Vegy

Fig. 2. Structure of the questionnaire that encompassing four sections with its specific content.
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qualitative scale and a quantitative variable represented by a Likert scale (ranging from 0.33 to 1). Variable V¢ indicated the level of
workers trained in CCPs, with values of 0.33 representing "No workers have training in control and monitoring of CCPs," 0.66 rep-
resenting "More than half of workers have training in control and monitoring of CCPs," and 1 representing "All workers have training in
control and monitoring of CCPs."

Question ID.1 was a multiple-choice question assessing winery performance in identifying legislation related to arsenic, cadmium,
and lead. It was coded using a Likert scale, with the variable Vip; (ranging from 0.33 to 1) representing winery performance regarding
legislation identification. Question ID.2 was a dichotomous (yes/no) question asking about winery identification of updated infor-
mation from the Spanish Agency for Food Safety and Nutrition (AESAN) on heavy metals and metalloids food risk. Variable Vip, took
values of 0 for "No" and 1 for "Yes."

Question CS1 was a dichotomous (yes/no) question about winery information regarding vineyard soil physical and chemical
analysis. Variable V¢g; took values of 0 for "No" and 1 for "Yes." Question CS2 was a dichotomous (yes/no) question about winery
information regarding fertilizer use in vineyard soils. Variable V¢gs took values of 0 for "No" and 1 for "Yes." Question CS3 was a
multiple-choice question with eight options regarding winery information on soil chemical properties. Variable Vg3 calculated the
cumulative value (0.125) assigned to each selected option, indicating the level of winery knowledge regarding specific soil chemical
properties.

Question V¢g; was a dichotomous (yes/no) question about whether the winery had its own laboratory for chemical analyses.
Variable V¢p; took values of 0 for "No" and 1 for "Yes." Question Cpy was a dichotomous (yes/no) question about whether the winery
used an external laboratory for chemical analyses. Variable V¢py took values of O for "No" and 1 for "Yes." Question CB3 was a
dichotomous (yes/no) question about whether the winery had its own atomic absorption spectrometer and staff for metal analyses.
Variable Vg3 took values of 0 for "No" and 1 for "Yes”. Question CB4 was a dichotomous (yes/no) question about whether the winery
used an external laboratory for metal trace analyses. Variable Vg4 took values of O for "No" and 1 for "Yes”. Finally, there was a
multiple-choice question about the job position of the survey respondent.

We have formulated three hypotheses to be examined in this study. Hypothesis one (H1) proposed that workers who received
adequate GMP and CCP training demonstrate a satisfactory performance level of CCP controlling in the wineries. Hypothesis two (H2)
stated that legislation performance component regarding to its identification and updating about the contamination risk posed by
arsenic, cadmium, and lead has reached a mature level in the wineries. Hypothesis three (H3) proposed that wineries possess infor-
mation about the concentrations of arsenic, cadmium, and lead in the vineyard soils from which grapes (raw material) are harvested
and that wineries have adequate spectrometric equipment for their identification.

3. Results

Fig. 3 shows the wineries distribution in five groups according to their answers about their yearly wine production.
Regarding the FSMS implementation, 96.9 % of the wineries had implemented PRPs according to food hygiene legislation, and a
93.8 % of the wineries had implemented a HACCP.

3.1. Performance of wineries in relation to food safety training component

Table 3 shows the results for the percentage of workers trained in good manufacturing practices in winemaking (GMP), the per-
centage of workers trained in the monitoring and CCPs, and number of workers median and arithmetic mean by type of winery. All
workers in wineries with annual production over 250,001 L/year have received GMP training and all workers in wineries with annual

Wineries distribution
more than

500,000 L/year
16%

up to 25,000
L/year
19%

100,001 - 25,001 - 100,000
250,000 L/year L/year
22% 34%

Fig. 3. Wineries sample distribution according to their yearly wine production (L/year).
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Table 3

GMP workers training and CCPs workers training by type of winery.
Wine Annual Production L/ Percentage of Wineries GMP Workers training (%) CCPs Workers training (%) Number of workers

Over Total
year ver tota All More Than None  All More than None  Median  Arithmetic
50 % 50 % mean

up to 25,000 18.8 66.7 33.3 0.0 66.7 33.3 0.0 2.5 2.3
25,001-100,000 34.4 60.0 20.0 20.0 40.0 50.0 10,0 4.0 3.3
100,001-250,000 21.9 28.6 57.1 14.3 28.6 57.1 14.3 5.0 5.1
250,001-500,000 9.4 100.0 0.0 0.0 66.7 33.3 0.0 7.0 7.3
more than 500,000 15.6 100.0 0.0 0.0 100.0 0.0 0.0 10.0 21.7
Total wineries Percentage 100.0 65.6 21.9 12.5 53.1 37.5 9.4 4.0 6.1

production over 500,000 L/year have received CCPs training. Although some wineries producing between 25,001-250,000 L/year
have all workers without GMP or CCPs training, it can be said that most of the wineries have some GMP-trained and CCPs-trained
workers.

Spearman correlation coefficient (p) is 0.686 and Kendall’s Tau coefficient (t) is 0.653 between variables Vgs and Vge. It shows
there is a positive correlation between the GMP Workers Training and CCPs Workers Training.

Results show that as the winery gets bigger according to its yearly wine production, it has more workers trained in GMP and CCPs.
However, the percentage of trained workers is also high in smaller wineries. This is due to the number of workers ranging between two
and three in this winery group, and therefore having trained a worker already reaches values of fifty percent. This finding is in
agreement with the study conducted by Lee J.C. et al. [49], which identified significant increases in the application of GMP, GHP, and
equipment design prerequisites, as well as all HACCP systems, in European companies.

In general, wineries train a higher percentage of workers in GMP than in CCPs. One in two wineries has half of its workers untrained
in CCPs. This is a difficulty for identification and control of CCP related to the risk of contamination by arsenic, cadmium, and lead
during the winemaking process. Wineries that supply training to their workers do so in both GMP and CCPs.

A quantitative analysis of food safety worker training (FSWT) was performed based on an indicator defined by equation (1) [50,51]:

Wi = (Vas + Vae) /n (D)
Where.

o Wy, is aggregated FSWT variable for each winery,

e Vs is variable that stands for the level of workers trained in GMP, and takes values 0.33, 0.66 or 1.
e Ve is variable that represent level of workers trained in CCP, and takes values 0.33, 0.66 or 1.

e n is number of variables that has been aggregated, and its value is 2.

Obtaining FSWT Indicator (If,,) for each group of wineries according to their yearly wine production size by equation (2):

m
Z Wﬁvwr
i=1

va:!:
Ssw m

)
Where.

o I, is FSWT Indicator for each group of wineries according to yearly wine production,
o Wy, is FSWT variable for each winery,
e m is number of wineries of related group.

Table 4
Heavy Metal Food Contamination Risk (HMFCR) legislation identification and HMFCR legislation updating through National Agency (AESAN) by
type of winery.

Wine Annual Production L/year ~ Percentage of Wineries Over Total =~ HMFCR legislation identification (%)  HMFCR Legislation updating through AESAN
(%)

As Cd Pb None Yes No
up to 25,000 18.8 33.3 33.3 50.0 50.0 50.0 50.0
25,001-100,000 34.4 33.3 33.3 33.3 66.7 33.3 66.7
100,001-250,000 21.9 286 286 286 714 286 714
250,001-500,000 9.4 66.7 66.7 66.7 33.3 66.7  33.3
more than 500,000 15.6 66.7 66.7 66.7 33.3 66.7 33.3
Total wineries Percentage 100.0 31.2 312 37.5 625 37.5 62.5
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This indicator is dimensionless and expresses the grade of progress achieved regarding food safety worker training in each of the
winery groups, according to their annual production. The grades of progress are defined as Star (I, between 0 and 0.33), In progress
(Itswe between 0.34 and 0.67), and Maturity (I, between 0.67 and 1). It values for winery size group regarding to their annual wine
production are showed in Table 6.

3.2. Performance of wineries in relation to heavy metal and metalloids food contamination risk legislation component

Second section results are collected in Table 4. This table shows the heavy metal and metalloids food contamination risk (HMFCR)
legislation identification and HMFCR legislation updating the through National Agency (AESAN) by type of winery.

There is a low wineries percentage that have identified arsenic, cadmium, and lead contamination risk legislation. Rates are higher
in wineries with wine production over 250,000 L/year. In this case, two out of three wineries have identified arsenic, cadmium, and
lead legislation. Wineries between 100,001-250,001 have the lowest rate (28.6 %).

National Agency thar integrates and performs the functions related to food safety within the competence framework of the General
Administration of Spain is the Agencia Espanola de Seguridad Alimentaria y Nutricién (AESAN) [52]. Information on applicable
arsenic, cadmium and lead contamination food risks legislation is available and updated on the AESAN website [53]. AESAN infor-
mation is used by only one-third of small to medium-sized wineries (up to 250,000 L/year). information. Bigger wineries (over 250,
001 L/year) have a better rate (66.7 %), but it is still insufficient. HMFCR legislation is not clearly identified in wineries, and this occurs
especially in wineries with annual wine production under 250,001 L/year. The Spearman correlation coefficient (p) is 0.894 and
Kendall’s Tau coefficient (t) is 0.873 between variables Vip; and Vips. It shows there is a strong positive relationship between the
identification of HMFCR legislation and it is and updating through AESAN. Besides, correlation coefficients have been calculated for
Vip1 and Vipy. The Spearman correlation coefficient (p) is 0.413 and Kendall’s Tau coefficient (1) is 0.393. A positive correlation exists
between the workers’ CCPs training and the HMFCR legislation identification in the wineries.

A quantitative analysis of legislation identification and updating (LIU) was performed based on an indicator defined by equation

3):
Wiw = (Vip1 + Vi) / n 3)

Where.

o Wy, is aggregated LIU variable for each winery,

e V|p; is variable that stands for winery performance about legislation identification about arsenic, cadmium, and lead, and takes
values 0.33, 0.66 or 1.

e Vi is variable that represented winery performance about update legislation information through AESAN and takes values 0 or 1.

e n is number of variables that has been aggregated, and its value is 2.

Obtaining LIU Indicator (Ij;) for each group of wineries according to their yearly wine production size by equation (4):

Soil Chemical information available for the winery

None information [l 6.3
Soil Electric Conductivity (EC) I 71.9
Soil pH I 87.5
Lead available concentration (soil solution) I 18.8
Lead total concentracion (soil) NN 34.4

Cadmium available concentration (soil solution) N 21.9

Chemical item

Cadmium total concentracion (soil) GG 37.5
Arsenic available concentration (soil solution) I 12.5

Arsenic total concentracion (soil) NN 23.1

0O 10 20 30 40 50 60 70 80 90 100

percentage of wineries

Fig. 4. Percentage of wineries that have information related to the soil chemical analysis of the vineyards regarding to arsenic, cadmium and lead
concentrations, Soil pH, and EC.
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Z Wi
Ly == @)
m

Where.

e Ij; is LIU Indicator for each group of wineries according to yearly wine production,
e Wy, is LIU variable for each winery,
e m is number of wineries of related group.

This indicator is dimensionless and expresses the grade of progress achieved regarding the analysis of legislation identification and
updating in each of the winery groups, according to their annual production. The grades of progress are defined as Star (Ij; between
0 and 0.33), In progress (I, between 0.34 and 0.67), and Maturity (I, between 0.67 and 1). Ij;, values for winery size group regarding
to their yearly annual wine production are showed in Table 6.

3.3. Performance of wineries in relation to chemical analysis of the vineyards regarding to arsenic, cadmium, and lead

Most wineries have data about vineyard soils’ physical and chemical analysis, and fertilizer information used in the vineyard soils.
Spearman correlation coefficient (p) between V¢g; and Vcsp is 0.686. This positive correlation demonstrates that wineries that possess
information about the physical and chemical analysis of vineyard soil tend to also have information about the fertilizers used in those
vineyard soils.

The percentage of wineries that have information related to the soil chemical analysis of the vineyards where the grapes come from
shown in Fig. 4.

However, this information is mostly about soil pH (87.5 %) and soil electric conductivity (71.9 %). The number of wineries that
have chemical information about arsenic, cadmium, and lead concentrations decreases considerably. Table 5 shows data on the
percentage of wineries, segmented according to their level of annual wine production, which have information regarding arsenic,
cadmium, and lead total/available concentrations.

One out of every three wineries possess data regarding the cumulative levels of arsenic, cadmium, and lead concentrations in the
soil. Besides, wineries percentage decreases when the information is about soil solution concentrations of arsenic, cadmium, and lead.
Hence, one in ten possesses data concerning the presence of arsenic in vineyard soils, while two in ten wineries have information
pertaining to the concentrations of cadmium and lead in the same soil samples.

Information data about total cadmium and lead concentrations are the ones that most have the wineries, especially the largest
wineries (over 250,001 L/year). Instead of the information about total arsenic concentration, it says that it is an extremely low
percentage in all winery groups. The percentages of wineries relating to the information about the concentrations of arsenic, cadmium,
and lead in the soil solution are lower those relating to the total concentration. It is the information related to the concentration of
cadmium available in the soil solution that presents the highest percentage, being 66.7 in the wineries between 250,001-500,000 L/
year and 28.6 in the wineries between 100,001-250,000 L/year. The lack of information on arsenic, cadmium, and lead soil con-
centrations is a difficulty for the CCP controlling as it impedes an adequate assessment of the risk that grapes used for winemaking may
have been contaminated during cultivation or harvest.

A high percentage of wineries (78.1 %) have their own laboratory in their facilities to make chemical analyses of grapes and wines.
Two out of every ten wineries do not have their own laboratory. In this case, most of them (92.3 %) use an external laboratory service
to make chemical analyses of grapes and wines. In this context, control of arsenic, cadmium, and lead in grapes and wines is made by
analytical techniques based on atomic absorption spectrometry. Only one out of every ten wineries possess the necessary technological
equipment and qualified staff capable of conducting heavy metal analysis using atomic absorption spectrometry. A high percentage of
wineries (93.8 %) do not have them. Thirty-five-point-two percent of wineries without atomic absorption spectrometry equipment and
qualified staff use external laboratories to analyse about heavy metals and metalloids concentration in grapes and wines. This result
shows that the lack of technical means for qualitative and quantitative analysis in wineries is a barrier to good performance related to
controlling arsenic, cadmium and lead contamination risk in grapes and win es.

Table 5
of wineries that have information related to the soil chemical analysis of the vineyards regarding to arsenic, cadmium, and lead concentrations, by
type of winery.

Wine Annual Production Percentage of Wineries Over Total Total concentration (soil) Available concentration (Soil solution) None
L/year (%) (%)
As Ccd Pb As Ccd Pb

up to 25,000 18.8 33.3 16.6 16.6 0.0 0.0 0.0 0.0
25,001-100,000 34.4 18.2 27.3 27.3 18.2 27.3 27.3 9.1
100,001-250,000 21.9 14.3 42.9 28.6 0.0 28.6 14.3 0.0
250,001-500,000 9.4 33.3 66.7 66.7 33.3 66.7 66.7 0.0
more than 500,000 15.6 40.0 40.0 40.0 0.0 0.0 0.0 40.0
Total wineries Percentage 100.0 28.1 37.5 34.4 12.5 21.9 18.8 6.3
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Table 6

Wineries performance indicators and grade of progress, by type of winery.

Heliyon 10 (2024) e22962

Wineries size e Grade of progress ™ Grade of progress Teep—Mchem Grade of progress
Up to 25,000 L/year 0.89 Maturity 0.44 In progress 0.05 Start
25,001-100,000 L/year 0.77 Maturity 0,15 Start 0.08 Start
100,001-250,000 L/year 0.78 Maturity 0.28 Start 0.51 In progress
250,001-1,000,000 L/year 0.94 Maturity 0.66 In progress 0.56 In progress

More than 500,000 L/year 0.93 Maturity 0.60 In progress 0.42 In progress

A quantitative analysis of arsenic, cadmium, and lead critical control point chemical analysis performance (CCP-MCHEM) was
evaluated based on an indicator defined by equation (5):

chp—Mchem = (VCSB + Vepn + VCBry) /n

Where.

Weep—Mchem iS the aggregated CCP-MCHEM variable for each winery,
Vss is variable that stood for chemical information about arsenic, cadmium, and lead concentrations in soil that winery had.

Vess = Zle a;j, a; is each item of this multiple-choice question (yes = 0.125, no = 0),

(G

e V(g is variable that represented winery capacity to hold chemical analysis by their own or external means. Vepx = Vepe if Vepr =

0, otherwise Veerx = VeBi-

e Vg is variable that stood for winery capacity to hold arsenic, cadmium and lead chemical analysis by their own or external means.

VCBry = VCB4 if VCB3 = 0, otherwise VCBry = VCBS-
n is the number of variables that has been aggregated, and its value is 3.

Table 7
Relationship questions among wineries performance variables, their imply variables and MWU results.
Question Variables Non-parametric Mann-Whitney U  Result
Test
Did grade of progress of training component differ according ~ W, as a dependent variable Z=-2.673 Rejected hypothesis

to whether wineries conducted identification and
updating arsenic, cadmium, and lead contamination risk
legislation available in AESAN or did not?

Did grade of progress of training component differ according
to wineries capacity to do arsenic, cadmium and lead
chemical analysis by their own or external means or did
not?

Did grade of progress of the legislation component differ
according to wineries capacity to do arsenic, cadmium
and lead chemical analysis by their own or external means
or did not?

Did grade of progress of the legislation component differ
according to whether wineries conducted identification
and updating arsenic, cadmium, and lead contamination
risk legislation available in AESAN or did not?

Did grade of progress of the analysis component differ
according if winery had information related to vineyards
soil physical and chemical analysis or did not?

Did grade of progress of the analysis component differ
according if winery had fertilizer information used in
vineyard soils or did not?

Vipz as an independent variable
which stood for two groups (Vipz2
=0, Vipz = 1).

Wit as a dependent variable
Veary as an independent variable
which stood for two groups (Veery
=0, Vepry = 1).

Wy, as a dependent variable
Veary as an independent variable
which stood for two groups (Vcary
=0, Vepry = 1).

Wiiu as a dependent variable
Vip2 as an independent variable
which stood for two groups (Vipz
=0, Vipp = 1).

Weep—Mchem as a dependent
variable

Vg1 as an independent variable
which stood for two groups (Ves1
=0, Vgs1 = 1).

Weep-Mchem as @ dependent
variable

V¢s2 as an independent variable
which stood for two groups (Vcs2
=0, Vgsz = 1).

Bilateral significance = 0.008
Exact significance = 0.013
Monte Carlo significance = 0.009,
lower limit = 0.007, upper limit
=0.011 p < 0.05

Z = —0.555

Bilateral significance = 0.579
Exact significance = 0.616
Monte Carlo significance = 0.598,
lower limit = 0.598, upper limit
= 0.607 p < 0.05

Z = —2.506

Bilateral signature = 0.012

Exact signature = 0.029

Monte Carlo significance = 0.013,
lower limit = 0.011, upper limit
= 0.016 p < 0.05

Z = —-5.355

Bilateral signature = 0.001

Exact signature = 0.001

Monte Carlo significance = 0.000,
lower limit = 0.000, upper limit
=0.000 p < 0.05

Z = -3.288

Bilateral signature = 0.001

Exact signature = 0.001

Monte Carlo significance = 0.000,
lower limit = 0.000, upper limit
=0.000 p < 0.05

Z = -3.288

Bilateral signature = 0.001

Exact signature = 0.001

Monte Carlo significance = 0.000,
lower limit = 0.000, upper limit
= 0.000 p < 0.05

null. (Differed)

Accepted
hypothesis null.
(Did not differ)

Rejected hypothesis
null. (Differed)

Rejected hypothesis
null. (Differed)

Rejected hypothesis
null. (Differed)

Rejected hypothesis
null. (Differed)
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Obtaining CCP-MCHEM Indicator (Iecp—mchem) fOr €ach group of wineries according to their yearly wine production size by equation

(6):

m
Z chp—Mchem
i=1
Iccp—Mchem == (6)
m

Where.

® Iecp Mchem i CCP-MCHEM Indicator for each group of wineries according to yearly wine production,
® Weep—Mchem is CCP-MCHEM variable for each winery,
e m is number of wineries of related group.

This indicator is dimensionless and expresses the grade of progress achieved regarding to arsenic, cadmium, and lead critical
control point chemical analysis performance in each of the winery groups, according to their annual production. The grades of progress
are defined as Star (Iecp—mchem Detween 0 and 0.33), In progress (Iccp—mchem between 0.34 and 0.67), and Maturity (Iecp—mchem Detween
0.67 and 1). I.cp-mchem Values for winery size group regarding to their annual wine production are showed in Table 7.

3.4. Matrix and graph of the grade of progress in wineries generated by the performance indicators

The three performance indicators allow to determine the degree of progress that each group of wineries has reached related to the
control that they conduct on the contamination risk of arsenic, cadmium, and lead in grapes and wines. Table 6 shows values Igwt, Ly
and Iccp-Mchem by Winery sizes groups and grade of progress.

Effectiveness in conducting risk control is divided into three components: the training component, the legislation component, and
the analysis component.

Each indicator stands for the degree of progress on a component. Iy,, is performance indicator that shows progress in the training
component. Iy, is the indicator that shows progress in the legislation component and Iccp—mchem iS the indicator that shows progress in
analysis component. Components performance level by each winery sizes group on the contamination risk by arsenic, cadmium and
lead in grapes and wines in Fig. 5.

Training is the component with the greatest maturity while analysis is the component with the least maturity regarding to this
contamination risk control. Wineries below 250,000 L/year are in the starting performance level of the analysis component, and
wineries between 25,001 and 250,000 L/year are in the starting performance level of the legislation component.

Non-parametric Mann-Whitney U Tests (MWU) were applied to find relationships among wineries performance variables. Table 7
shows relationship questions, their imply variables and MWU results. Grade of progress of training component differed according to
whether wineries conducted identification and updating the legislation related to risk of arsenic, cadmium, and lead contamination
available in AESAN, but it was not different regarding to whether wineries had capacity to do arsenic, cadmium and lead chemical
analysis by any means.

—@—Training Up to 25,000
—@— Legislation L/year
@— Analysis

More than 0.
500,000 L/year

25,001-100,000
L/year

250,001-1,000,000
L/year

100,001-250,000
L/year

Fig. 5. Performance level in each component by annual winery production.
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Grade of progress of the legislation component was different according whether wineries had capacity to do arsenic, cadmium and
lead chemical analysis by any means and differed regarding to if wineries conducted identification and updating arsenic, cadmium,
and lead contamination risk legislation available in AESAN or did not.

Grade of progress of the analysis component differed according if winery had information regarding to vineyards soil physical-
chemical analysis and, according to if winery had fertilizer information used in vineyard soils or had not.

4. Discussion

An evaluation of how wineries are managing critical control point about controlling the contamination risk by arsenic, cadmium
and lead in their winemaking processes is essential to prevent poisoning and diseases in consumers. Studies have identified health
problems caused by As, Cd, and Pb [54,55].

Fertilizers or the environment are sources of arsenic, cadmium and lead that can contaminate grapes and wines used in wine
production [9,55,56].

4.1. GMP and CCP workers training

FSMS are tools to accomplish with food hazards control as heavy metals and metalloids traces in grapes and wines. There is an
important level of implementation of FSMS in wineries. 96.9 % of wineries have a Prerequisites Programmes and 93.8 % have HACCP.
Besides, workers trained in GMP and CCPs have a satisfactory level for all wineries.

The study reveals that hypothesis 1 (H1) is true. The training component has reached an adequate maturity level of performance.
65.6 % of wineries have all their workers trained in GMP and 53.1 % of wineries have all their workers trained in CCPs. These per-
centages arise to 100 % in wineries with annual production over 500,001 L/year. Results show that wineries’ workers who receive
training in GMP, also receive training in CCPs. Similarly, other related studies focusing on controlling OTA mycotoxin contamination
in wines have also demonstrated that training in GMP and CCPs has been identified as a significant contributing factor to the successful
prevention of such contamination [24]. Our findings are consistent with the research conducted by Lee, J.C. et al. [49], wherein the
importance of aspects related to food safety culture is underscored, particularly about human factors and specialized training.

4.2. Knowledge and application of food safety legislation

Hypothesis 2 (H2) is not fulfilled. Legislation component is still in progress level regarding performance maturity in four up five
wineries groups. European legislation on food safety related to contamination control risk from arsenic, cadmium and lead is acces-
sible. Study shows that only one out three wineries with annual production less than 250,000 L/year has identified and updated the
HMCR legislation. The HCMR legislation identification percentage is 66.7 % in wineries with annual production over 250,001 L/year.
Two out of three wineries that have the HCMR legislation identified conduct its update through the information available in the Food
Safety Spanish Agency (AESAN). Mere publication of food risk information on the AESAN website is not enough for wineries to
incorporate it into their control system. Two out of three wineries do not have updated legislation and do not use the information
provided by AESAN.

Most of the wineries that have identified the HCMR legislation, also have their staff trained in CCPs. Identification of food risk
control legislation is different according to the wine production level of the wineries and their workers' knowledge. The public
administration does not provide sufficient references and means for wineries to properly develop and implement the control of CCP
related to the risk contamination of arsenic, cadmium, and lead. Our result is aligned with Vela A.R. & Fernandez [56], that
demonstrated public administrations received a low score from companies regarding to the references provided by the administration
(reports, books, and articles) to facilitate the development and implementation of FSMS. Matches with the alcoholic beverage
industry’s weakness in compliance with food safety legislation demonstrated by Kourtis L.K [57].

Charlotte Yap [58] found that knowledge about the general principles of food safety and its requirements is low in small and
medium-sized agrifood businesses. This often leads to regulatory requirements being underestimated and not considered. This lack of
knowledge regarding the risk of heavy metal and metalloid contamination in food is a weakness observed in wineries’ control over
their winemaking processes.

Our findings also align with the study conducted by Allam, M. et al. [59], which identified areas where organic food producers and
processors in several European countries require further guidance and support in food safety, particularly in their proficiency in
performing hazard analysis and creating documents and records following HACCP principles.

4.3. Analysis and availability of chemical data related to the control of contamination by As, Cd, and Pb

Hypothesis 3 (H3) is not accomplished. Analysis is the lower performance component for all winery groups, except 100,000 to
250,000 L/year. We found that many wineries have not information about arsenic, cadmium, and lead concentrations in the vineyards
soils, and the wineries percentage that owns this information is different according to their wine annual production level. Nine of ten
wineries have information about soil physical and chemical characteristics, such as pH and EC, and information about the fertilizers
used in the vineyards. However, these values strongly decrease about the arsenic, cadmium, and lead concentrations in these soils. The
proportion of wineries equipped with data on the cumulative concentrations of arsenic, cadmium, and lead is remarkably low.
However, these percentages become even more diminished when considering the availability of information concerning specific
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arsenic, cadmium, and lead available concentrations in the soil. Out of the ten wineries, two wineries have this chemical concentration
information about cadmium and lead, and one winery has this chemical concentration information about arsenic. A deficient control of
these the arsenic, cadmium, and lead in soils implies that food hazards as the appearance of heavy metal traces in grapes or wine may
occur [60,61]. The wineries use techniques based on atomic absorption spectrometry for the identification of the arsenic, cadmium,
and lead in the grapes and wines. This technique is recommended by the OIV. However, there is a lack of this spectrometry equipment
in the wineries own laboratories, so they need to use external analytical services. Results show that half of the wineries (48.59 %) use
atomic absorption spectrometry analysis to detect the presence of arsenic, cadmium, and lead in the grapes and wines through external
analytical services. Courtney K. Tanabe (2019) identified the absence of on-site chemical analytical tools as a factor that influences the
arsenic content in grapes and wines [62].

4.4. Limitation and strength of the study

One of the principal weaknesses of this study lies in the low response rate obtained from the surveyed wineries, potentially
impacting the representativeness and generalizability of the data to the entire wine industry. However, a fundamental strength of this
research is rooted in the meticulous development of performance indicators based on the questionnaire methodology. This tool
provides a robust foundation for data analysis and enables the evaluation of wineries’ effectiveness in managing Critical Control Points
(CCPs) associated with contamination risks posed by arsenic, cadmium, and lead in grapes and wines.

5. Conclusions

This research shows that although most wineries have FSMS implemented, the CCP identification and control related to arsenic,
cadmium and lead contamination risk needs to be improved.

Wineries must adequately control the risk of arsenic, cadmium, and lead contamination in the wine production process. To do it,
first, wineries must be aware of the need to know, update and implement European legislation. European legislation sets the guidelines
to prevent health risks that may arise from the intake of arsenic, cadmium, or lead by setting limits on the admissible concentration of
these metals in wines. In addition, wineries' workers' training in GMP and CCPs control is a success factor in preventing contamination
by arsenic, cadmium, and lead in wines.

A strength in the performance of CCP control aimed at assessing the risk of arsenic, cadmium and lead contamination is high
training level of workers about this topic. However, the wineries performance about applicable legislation identification of the heavy
metal contamination risk is very low. This constitutes a difficulty for good performance of CCP controlling relative to the risk of
contamination by arsenic, cadmium, and lead. In addition, another difficulty for this performance is the lack of information regarding
the sources of contamination by arsenic, cadmium, and lead in grapes. Soil analysis data about pH and EC are available to wineries, but
data about the concentrations of As, Cd and Pb in the soil are often missing.

Another barrier to a good performance of the CCP related to contamination of grapes by arsenic, cadmium, and lead is the lack of
spectrometry equipment in the laboratories of the wineries. Even if external services are hired for spectrometric analysis, the per-
centage of wineries that perform it is very low. Providing wineries with laboratory spectrometry equipment and human resources to
carry out complete chemical analyses of soils, grapes and wines would allow the adequate control of CCP related to contamination risk
control by heavy metals and metalloids of their grapes and wines.
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Appendix A

Analysis of wineries performance about Critical Control Point related to risk control contamination by arsenic, cadmium, and lead
in grapes/wines during winemaking.
* Obligatory.

General data of the winery

G.1 What is your annual level of red wine production? * (Mark only one).

up to 25,000 liters/year

between 25,001 and 100,000 liters/year

between 100,001 and 250,000 liters/year

between 250,001 and 500,000 liters/year more than 500,001 liters/year.

G.2 Do you have a prerequisite program in place, according to the legislation on food hygiene? * (Mark only one).
Yes/No.

G.3 Does the winery have a Critical Point Analysis System in place and Control (HACCP)? * (Mark only one).
Yes/No.

G.4 How many people work in wine production operations in the winery? *

G.5 Do winery workers have training about good manufacturing practices (GMP)? * (Mark only one).

No worker has GMP training.

More than half of workers have GMP training.

All workers have GMP training.

G.6 Do winery workers have control training and monitoring of critical control points (CCPs)? * (Mark only one).
No worker has training in control and monitoring of CCPs.

More than half of workers have training in control and monitoring of the CCPs.

All workers have training in control and monitoring of the CCPs.

Information available on arsenic, cadmium and leads in the raw material (Critical Control Point)

ID 1. The winery has identified the legislation relating to food contamination by: (check all those you consider).

Arsenic/Cadmium/Lead.

ID 2. The winery uses the updated information available from the Spanish Agency for Food Safety and Nutrition (AESAN) on heavy
metals food risk. * (Mark only one).

Yes/No.

CS 1. Does the winery have information related to physic-chemical analysis of where do the grapes used in winemaking come from?
* (Mark only one).

Yes (Skip to question 11)/No.

CS 2. Does the winery have information on the fertilizers used in the fertilization of the soil from which the grapes used in
winemaking come from? * (Mark only one).

Yes/No.

Information available of the concentration of arsenic, cadmium, and lead in the soil

CS 3. The available information on the analysis of vineyard arable soil holds data on:
Select all that apply.

Total Arsenic Concentration in Soil.

Concentration of Arsenic Available in Soil.

Total Cadmium Concentration in Soil.

Cadmium Concentration Available in Soil.

Total Lead Concentration in Soil.

Lead Concentration Available in Soil.

Soil pH.

Electrical conductivity of the soil.
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Control of the raw material (analysis procedures in the winery)

CB 1. Does the winery have its own laboratory to perform chemical analysis of grapes and wines? * (Mark only one).

Yes/No.

CB 2. If you do NOT have your own laboratory, do you use an external laboratory to perform chemical analysis of grapes and wines?
* (Mark only one).

Yes/No.

CB 3. Does the warehouse have the technology and personnel to perform metal analysis using atomic absorption spectrometry? *
(Mark only one).

Yes/No.

CB 4. If you do NOT have your own laboratory, do you use an external laboratory to perform metal analysis using atomic absorption
spectrometry on grapes and wines? *

Yes/No.

Professional profile that performs the survey

You can tell us about your job inside the winery. (Mark only one).
Owner.

Director/Manager.

Winemaker

Winery Operator.

Administrative/management/commercial staff.

Other.
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4.3 Conference Paper

Lopez-Santiago, J., Gomez-Villarino, M. T., Garcia, A. I. G., A. M, Som, (2023). An
Evaluation of Sustainability in Wineries Based on Their Performance in Compliance
with Food Safety. In Proceedings of the 12th Iberian Agroengineering Congress. XII
Congreso Ibérico de Agroingenieria. (2023) Junta de Andalucia: Sevilla - Spain. ISBN: 978-
84-09-53018-2

This paper addresses the specific objective 3 (SO-3), which focuses on identifying and
analysing key sustainability components in wineries. It evaluates their compliance with
FS standards, especially via the CCPs within the HACCP framework. It highlights the
wineries challenge of adopting sustainable production methods while addressing
environmental impacts and enhancing working conditions. The paper synthetizes the
case studies one and two approach to scrutinize wineries management of CCPs, focusing
on the risk of contamination by trace metals such as arsenic, cadmium, and lead in wine
production. The findings reveal that many wineries lack adequate control over several
CCPs, with significant deficiencies in managing chemical hazards related to trace metals
in grapes and wine, as well as biological hazards on equipment and during operational

stages.

The second study also delves into the specific issue of contamination risk by arsenic,
cadmium, and lead, showing that wineries fall short in areas of analysis and compliance
with relevant legislation. It proposes using performance indicators related to training,
legal compliance, and physical-chemical analysis to gauge progress in implementing

effective food safety systems within wineries.

Moreover, the research underscores the necessity for continuous improvement in the
technical application of HACCP and in training winery staff on food safety. It suggests that
enhancing CCP surveillance and the overall execution of HACCP can significantly
contribute to mitigating food safety risks and, consequently, fostering sustainability based
on FS measures. The study concludes that controlling the risk of contamination by arsenic,
cadmium, and lead is crucial, necessitating up-to-date knowledge and implementation of
European legislation, along with comprehensive training in GMP and CCP control to prevent

such contamination in wines.
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Results

The findings address the question of how we can obtain a quantitative measure of
sustainability in wine production from the perspective of FS by proposing the

methodology and performance indicators.
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Abstract:

Agri-food industry is confronted with a significant challenge concerning the requirement for
sustainable food production methodologies. Companies within the agrifood sector encounter
both challenges and prospects, such as the integration of responsible agricultural practices,
mitigation of environmental impact, and enhancement of working conditions. This research
pertains to the employment of metrics as a means of assessing sustainable practices, specifically
in reference to food safety performance indicators. Wine production is employed as a dual case
study to assess the efficacy of wineries in managing critical control points (CCPs). The first aspect
focuses on CCP system, as a component of a food safety system based on pre-requisite programs
(PPRs) and hazard analysis and critical control points (HACCP). The second aspect specifically
addresses the performance in the risk of contamination by arsenic, cadmium, and lead CCP
during wine production. The first study showed that wineries have poor control performance for
15 out of the 37 CCPs evaluated, and the worst control performance seems to be related to
chemical controls of trace metals, fungicides, and pesticides in grapes or wine, biological controls
of microorganisms on equipment, and controls in the operational stage. The second investigation
analyzed the performance of wineries in controlling the CCP related to the risk of contamination
by arsenic, cadmium, and lead during wine production. The results showed that wineries are
failing in the areas of analysis and legislation. Using performance indicators of training,
legislation, and physical-chemical analysis can serve as a qualitative measure of progress in
implementing food safety systems in wineries.

Palabras clave: beverages; HACCP; food safety; wine; sustainable production

1. Introduction

Currently, it is observed that agricultural and food production is not being carried out
sustainably [1]. According to the European Commission, food production continues to have a
negative impact on the environment of the European Union (EU), while 20% of produced food is
wasted. Although agriculture in the EU has made significant progress in reducing greenhouse
gas emissions and nitrate levels in rivers since 1990, there is still much to be done throughout the
entire food chain [2]. Therefore, it is necessary to propose a new framework for food production
and processing at the industrial level, in line with sustainability principles.
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It is essential to develop food production methods that are compatible with the conservation
of the environment. In other words, it is imperative to implement agro-industrial production
methods that minimize the impact on ecosystems and natural resources, while ensuring food
safety and healthy nutrition for consumers [3].

Sustainability in the agri-food industry is still in its early stages. Numerous studies have
provided perspectives on the challenges and opportunities faced by companies in the agri-food
sector. However, due to the growing complexity of this field, it is necessary to develop more
systematic approaches that include sustainability [4]. It is imperative to implement responsible
agricultural practices, reduce environmental impact, and improve working conditions. These
measures can contribute to the conservation of natural resources, improve the quality of the final
product, and promote the economic development of local communities.

Often, the approaches used in the agri-food industry do not simultaneously achieve these
objectives, which can generate negative effects such as lack of food safety or serious
environmental impacts. Food or ecosystem contamination, food poisoning derived from deficient
agro-industrial practices, the use of chemicals in agro-industrial production processes, are some
examples of this reality.

Gold et al. [5] specified the dimension of sustainability through indicators such as local living
conditions, labor rights, land rights, food security, valorization through biomass recycling, and
environmental issues. In this context, food security is a useful indicator within the sustainability
dimension to analyze the sustainability performance of the agri-food supply chain.

Wine production is an integral part of the food chain and is closely related to the
sustainability of the food chain. Wine production involves the cultivation of grapes, the
transformation of grapes into wine, and the distribution and commercialization of the final
product [6]. It is a fact that wine production presents risks to food safety. Wineries have
implemented food safety management systems to control food risks through Hazard Analysis
and Critical Control Points (HACCP). The wine industry applies HACCP by evaluating Critical
Control Points (CCP). A Hazard Analysis and Critical Control Points (HACCP) system allows
identifying, assessing, and controlling significant food safety risks throughout the entire wine
production process.

2. Materials and methods

A first investigation analyzed the Prerequisite Programs (PPRs) and the performance of
HACCP in the wineries with Protected Designation of Origin "Vinos de Madrid". The
performance of wineries was evaluated for each critical control point (CCP) at each stage of the
wine production process, including the implementation of PPR and HACCP principles. This
study was carried out through a survey of 55 questions divided into 11 sections and was
conducted on a sample of 21 wineries.

A second investigation selected one of the CCPs identified as poorly controlled. This CCP is
the risk of contamination by arsenic, cadmium, and lead during wine production. The level of
performance of wineries in controlling CCPs related to the risk of contamination by arsenic,
cadmium, and lead in wine production was analyzed through a sixteen-question questionnaire
that was administered to a sample of 32 wineries from all the Protected Designations of Origin in
Spain. Subsequently, three indicators were calculated for the performance components of
training, legislation, and analysis in controlling this CCP.

3. Results and discussion

The results of the first investigation determined that performance control for each of the 37
evaluated CCPs during wine production is different (see Table 1). A total of 22 CCPs are well-
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evaluated by wineries. However, there are significant differences among the other 15 CCPs
depending on each winery. The worst control performance among wineries for CCPs seems to be
related to chemical controls of trace metals, fungicides, and pesticides in grapes or wine,
biological controls of microorganisms on equipment, and controls in the operational stage such
as remaining time of must in crushers [7].

Table 1. Contingency table of the medians of each variable associated to each evaluated CCP.

—_ -
- FrequenCies Si 5 é
Winemali T 8 8
Hemaing Variable/Critical Control Point (CCP) g 5 2
Steps o)

1. Harvest and VARL.1 Grape inspection previous harvest in vineyards.

High
Variability

<

grape VAR1.2 Grape inspection during harvest in vineyards.

transportation VAR1.3 Transportation time of harvest from vineyards to winery.

<

VAR?2.1 Presence of fungicide residues and/or pesticides in grapes.

<

2. Harvest VAR?2.2 Presence of mycotoxins from grape rot.

reception

. . VAR?2.3 Contamination by metals (Cadmium, Lead, Arsenic) in grapes.
in the winery

VAR?2.4 Contamination by plant residues, dust and/or metal elements.

3. Pre- VARS3.1 Vat cleaning to eliminate residues of microorganisms.
hatching . ) o . .
VAR3.2 No residues of cleaning and disinfection products in vats.
treatments
4. Grapes VAR4.1 Time that remains the must in the crusher after crushing. -

crushing and VAR4.2 Cleaning of crushing equipment.

must pumping VAR4.3 No residues of cleaning and disinfection products in vats.

5.Sulphited =~ VARS5.1 Safety and purity of the additives.

and vatted VAR5.2 No microorganisms in equipment and vats.

6. Alcoholic =~ VARG6.1 Concentration of ethylocarbamate in fermented must.

fermentation, VAR®6.2 Concentration of sulphur dioxide in fermented must.

maceration, VARG6.3 Purity and safety of yeasts.

vat emptying, VARG6.4 Temperature during fermentation.

pressing, VARG6.5 pH of red wine during malolactic fermentation.

malolactic VARG6.6 Hygiene during vat emptying/pressing operations.

fermentation  VAR6.7 Cleaning of pressing equipment.

VAR?.1 Cleaning procedures for vats and racking equipment.

VAR?.2 Maintenance and cleaning of the facilities during racking.

7 Racking, VAR?.3 Purity and safety of agents used as clarifiers of the wine.

clarification, VAR7.4 No residues of clarifiers in the wine.

and filtration VAR?7.5 No weird elements from filters in the wine.

VAR?.6 Hygiene during clarification and filtering operations.

VAR?.7 No residues of cleaning and disinfection products in vats.

VARS.1 Limit concentrations of metals (traces of As, Cu, Pb) in the
wine.

8. Cold

tabilizati
STAPIIZATON "y AR8.2 Additives accepted by current food legislation.

VARO9.1 Bottle cleaning procedures.

VAR9.2 Cleaning procedures of the bottling line.

VAR9.3 No microorganisms in the bottling line.

9- Bottling and VAR9.4 No microorganisms in bottle cap.

labelli
abeting VAR9.5 Correct coding of the label used on the bottles.

VAR9.6 Correct description of allergen information on bottle labels.

VAR9.7 Correct description of P.D.O. information on bottle labels.
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Poorly controlled CCPs assume that hazards such as the appearance of microorganisms, trace
metals, fungicides, pesticides, or other hazardous products in grapes or wine can occur [8-10].

The second research showed that wineries are failing in the areas of analysis and legislation
of the risk of contamination by arsenic, cadmium, and lead CCP during wine production. The
identification and updating of legislation regarding the risk of contamination by As, Cd, and Pb
is at an initial performance level for wineries that produce less than 250,000 L/year. The
performance level of analysis is even lower than that of legislation. One in three wineries has
information on the concentrations of arsenic, cadmium, and lead in the soils of the vineyards
where the grapes come from, and this rate is even lower for their concentration available in the
soil solution. Wineries that monitor the concentrations of As, Cd, and Pb do so according to
official recommendations using techniques based on atomic absorption spectrometry. However,
there is a lack of spectrometry equipment in the winery laboratories themselves.

The second research allowed the design of three performance indicators based on the
responses obtained from wineries [11, 12]. Wineries were distributed in five groups according to
their yearly wine production to calculate them. Performance indicators allow to determine the
degree of progress wineries had reached related to the control they conduct on the contamination
risk of arsenic, cadmium, and lead in grapes and wines. Components performance level by each
winery sizes production level on the contamination risk by arsenic, cadmium, and lead in wines
are showed in Table 2

Table 2. Wineries performance indicators and grade of progress, by type of winery.

e Grade of Grade of Grade of
Wineries size Ifswt Iliu Iccp—Mchem
progress progress progress
Up to 25,000 L/year 0,89 Maturity 0,44 In progress 0,05 Start
25,001-100,000 0,77 Maturity 0,15 Start 0,08 Start
L/year
100,001-250,000 0,78 Maturity 0,28 Start 0,51 In progress
L/year
250,001-1,000,000 0,94 Maturity 0,66 In progress 0,56 In progress
L/year
More than 500,000 0,93 Maturity 0,60 In progress 0,42 In progress
L/year

4. Conclusions

This work demonstrates the need to continue improving in the technical implementation of
the HACCP methodology and in training workers about food safety in wineries. Establishment
of new CCPs surveillance formats involving the different professionals working in the wineries
(enologist, manager, winery operators, quality managers) will improve performance in the
CCPs surveillance, and by extension, the deployment level of the entire HACCP. A good
implementation of PPR and HACCP contributes to eliminating food safety risks that
compromise people’s health, being the basis for the development of sustainability based on the
food safety indicator.

Also, wineries must adequately control the risk of arsenic, cadmium, and lead
contamination in the wine production process. To do it, first, wineries must be aware of the
need to know, update and implement European legislation. European legislation sets the
guidelines to prevent health risks that may arise from the intake of arsenic, cadmium, or lead by
setting limits on the admissible concentration of these metals in wines. In addition, wineries’
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workers’ training in GMP and CCPs control is a success factor in preventing contamination by
arsenic, cadmium, and lead in wines.

Moreover, the performance indicators of training, legislation, and physical-chemical
analysis performance, developed through the analysis of the implementation of the CCP, serve
as a qualitative measure of the progress in the three performance dimensions related to the
implementation of food safety systems. This approach can be extended to all CCP system in
wine production, thus becoming a qualitative method for evaluating the sustainability of
wineries.
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4.4 Article three
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(2024). Assessment of Environmental Management Performance in Wineries: A
Survey-Based Analysis to create Key Performance Indicators. Environments 2024,
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The investigation addresses the specific objective 2 (SO-2) and the specific objective
3 (S0-3), which involves evaluating environmentally sustainable practices in the wine
industry by examining the extent of EMS implementation in accordance with the
international standard ISO 14001:2015, and its efficacy as an instrument for assessing

sustainability within wineries.

Findings reveal a notable distribution disparity among wineries, with 75% producing less
than one hundred thousand litres annually, while 12.5% exceed one million litres. This
pattern underscores the duality of the Italian wine sector, characterized by a high number
of small wineries with lower annual productions and a smaller number of large wineries

with higher annual outputs.

Concerning workforce, most of wineries (80.8%) employ fewer than ten workers, while
19.2% have a workforce ranging from 10 to 49 employees. The key areas of EM that
wineries claim to consider, including EM, leadership, planning of environmental
objectives, and communication. Results highlight a lack of clearly defined EM areas in
Italian wineries, with only large wineries (80%) having implemented structured focus on

EM.

Results about environmental communication practices, both internal and external,
revealing that email is the most widely used internal communication medium (74.2%),
followed by websites (45.2%) and social media (35.5%). External communication is
predominantly through social media (84.4%) and websites (81.3%). Clients and shops
emerge as the primary stakeholders receiving environmental information from wineries,
emphasizing the use of Information and Communication Technologies (ICT) for

communication.
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A huge portion of wineries (71.9%) has established environmental policies and senior

management leadership, with owners playing a pivotal role (50%).

Results identify key environmental objectives, such as waste and electricity consumption
reduction, and evaluates the alignment with long-term environmental policy
commitments. The study also notes that 68.8% of wineries have certified their EMS

according to the ISO 14001:2015 standard.

Research finds that 38.7% of wineries lack an EEP, and 31.3% are certified according to
the ISO 14001:2005 standard. The study emphasizes the importance of these

requirements for establishing a solid foundation for EM.

Environmental training for workers results reveals that 71% of wineries provide training

in connection with their EMS.

Finally, five performance indicators assess the performance of wineries in
communication, commitment, planning, other requirements, and workers' training. The
results provide a comprehensive understanding of the state of EM practices in Italian

wineries, shedding light on areas of strength and areas that may require improvement.

Findings contribute to the research inquiries related to the assessment of winery
performance in the context of EMS implementation. The results demonstrate that the
employed methodology can assess the performance of wineries in their EM. Factors such
as proper performance in management components such as communication,
commitment, planning, other requirements, and workers' training contribute to
explaining adequate performance in the implementation of EMS in wineries. Moreover, it
contributes significantly aid in addressing the RQs concerning the quantitative
assessment of EMS, specifically ISO 14001:2015, within wineries. They also help
determine the environmental performance indicators that function as benchmarks for
evaluating the sustainability impact of EM practices in the wine industry, and how these

benchmarks align with the objectives of the F2F Strategy.
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Abstract: In the contemporary era, the viticulture sector is increasingly aligning with global sustain-
ability mandates, underscored by the European Union's strategic integration of environmental sus-
tainability within its regulatory and policy frameworks, notably through the Multiannual Environ-
ment Action Program and the European Green Deal. This research offers a comprehensive evalua-
tion of the adoption and efficacy of Environmental Management Systems (EMS), specifically ISO
14001:2015, within Italian wineries, aiming to discern the extent of their commitment, planning,
communication, emergency preparedness, and employee training towards environmental manage-
ment. Employing a survey-based analytical approach complemented by statistical analysis through
SPSS and Excel, this research identifies key challenges and opportunities that hinge on the wineries
operational scale, varying degrees of engagement, and the effectiveness of communication strate-
gies. It emerges that while there exists a substantial commitment towards environ-mental objec-
tives—primarily waste reduction, and efficient electricity and water use —a significant proportion
of wineries exhibit gaps in EMS policy implementation, emergency preparedness, and ISO
14001:2015 certification uptake. Furthermore, the research highlights a disparity in environmental
training, with larger wineries showing higher engagement levels. Despite potential biases arising
from participation rates, the robustness of survey-based key performance indicators substantiates
their utility in assessing wineries EMS performance.
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Over the past two decades, the European Union (EU) has increasingly prioritized envi-
ronmental sustainability and commitment to the environment. In 2001, the EU integrated
environmental issues into the Lisbon Strategy with the first European sustainable devel-
opment strategy [1]. Subsequently, in 2016, the EU incorporated the Sustainable Develop-
B ment Goals of the United Nations Agenda 2030 [2] through the communication titled
"Next steps for a sustainable European future - European action for sustainability" [3]. To
ensure effective implementation of environmental legislation in all member states, the
European Commission established an instrument in May 2016 [4]. In 2020, the EU
Attribution  (CC BY) license strengthened its environmental commitment further with the 8th Multiannual Environ-
(hitps://creativecommons.orglicense €Nt Action Programme from 2021 to 2030, which aims to "ensure well-being for all while
s/by/4.0/). respecting the limits of the planet” [5]. Additionally, the environmental and climate
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objectives of the European Green Deal are supported by the 8th Multiannual Environmen-
tal Action Programme [6].

Environmental management (EM) is based on a multi-level cyclical process in which dif-
ferent environmental managers interact with the environmental system components.
These environmental managers actively manipulate the environment consciously, with
the aim of improving its evolution in a socio-economic and environmental complex con-
text. Environmental managers are state or non-state, and also interact with each other [7].
Environmental management System (EMS) is a group of procedures, rules, and evidences
that an organization establishes to minimize the environmental impacts produced in the
development of its activity [8]. These EMSs are used widely by many companies around
the world [9-11]. EMS are often based on the standard ISO 14001:2015 [12] as a tool for
proactive environmental management [13, 14]. ISO 14001:2015 holds the necessary basic
requirements that every environmental management system must follow with a focus on
continuous and systematic improvement. It is used by organizations that look to enhance
their environmental performance by complying with their environmental policy, objec-
tives, and responsibilities. In this way, organizations contribute to strengthening the en-
vironmental pillar of sustainability [15]. EMS usually responds to ethical and competitive
motivations from organizations boards [16].

Many authors showed that the implementation of EMS generates economic, operational,
and environmental benefits for companies [17-19]. Other research indicate EMS has been
used to create economic value, cost savings and boost market share instead of achieving
environmental improves [20, 21], or has been used as a marketing too [22].

The EMS implementation results indicate a positive relationship between the environ-
mental practices that a food company engages and its operations performance [9, 23].
Several research about wine industry show that as an agricultural sector is increasingly
being challenged to reduce its environmental impact and enhance sustainability practices
[24-26]. In response to these demands, wineries are turning to EMS such as ISO 14001:2015
to guide their efforts [9, 27, 28]. ISO 14001:2015 provides wineries with a comprehensive
framework for effective EM, encompassing practices ranging from vineyard management
to packaging and distribution [29].

ISO 14001:2015 offers wineries a structured approach to environmental management,
comprising various key components. One essential aspect is the establishment of an envi-
ronmental policy that outlines the winery's commitment to compliance with environmen-
tal regulations and continual improvement [30]. This policy serves as a guiding document
for setting environmental objectives and targets.

To ensure effective implementation, wineries must conduct a thorough assessment of
their environmental aspects and impacts [31]. This involves identifying activities, prod-
ucts, and services that have significant environmental effects and evaluating their poten-
tial consequences on air and water quality, energy consumption, waste generation, and
biodiversity.

Once the environmental aspects and impacts are determined, wineries can develop oper-
ational controls to mitigate risks and reduce environmental harm. Examples of these con-
trols include implementing energy-efficient practices, adopting sustainable farming tech-
niques, promoting water conservation measures, and utilizing eco-friendly packaging
materials [32-36].

ISO 14001:2015 also emphasizes the importance of employee involvement and awareness
in environmental management [37]. Wineries are encouraged to provide training pro-
grams to enhance employees' understanding of environmental issues, their roles in
achieving environmental objectives, and the significance of complying with environmen-
tal policies and procedures [38].

Furthermore, ISO 14001:2015 requires wineries to establish mechanisms for monitoring
and measuring their environmental performance. This entails regular data collection,
analysis, and reporting on key environmental indicators such as energy consumption, wa-
ter usage, waste generation, and greenhouse gas emissions. By tracking their
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performance, wineries can identify areas for improvement and take corrective actions
when necessary [39].

Effective communication and engagement with stakeholders are also integral to ISO
14001:2015 implementation. Wineries are encouraged to involve suppliers, customers, and
local communities in their environmental management efforts, fostering partnerships and
promoting transparency [12].

ISO 14001:2015 places a strong emphasis on continual improvement. Wineries are ex-
pected to regularly review their environmental performance, assess their progress to-
wards achieving objectives, and identify opportunities for further enhancement. This it-
erative process ensures that wineries are consistently striving for improved environmen-
tal outcomes [30].

The benefits of ISO 14001:2015 implementation extend beyond environmental perfor-
mance. It can also have positive economic impacts for wineries. Studies have shown that
ISO 14001 certification can enhance market access, increase competitiveness, and improve
financial performance [40].

Within this framework, the primary objective of this research is to evaluate the effective-
ness of wineries in EM through their performance in aspects related to environmental
communication, environmental commitment, environmental planning, and environmen-
tal training. Additionally, the study aims to develop a methodology for evaluating their
advancement, incorporating the use of performance indicators. Furthermore, the study
aims to identify the challenges that impede achieving adequate EM.

2. Materials and Methods

2.1 Study Design

Research design was proposed by conducting a questionnaire and its subsequent analysis
using appropriate statistical methods. The sample was selected among Italian wineries
from different wine regions. From June to November of 2022, the survey was conducted,
and then, SPSS Windows software SPSS (IBM Corp. 2020. IBM SPSS Statistics v 27.0. Ar-
monk, NY, USA) and Excel (Microsoft Corp. 2021. MS Excel v 18.0. Redmond, Washing-
ton, USA) were used to analyse the data. The calculated statistics were frequencies and
central position values. Cross-Tables for categorical variables was calculated. Nonpara-
metric tests were performed obtaining the Spearman correlation coefficient (p) and Ken-
dall's Tau coefficient (1) for nonparametric data, with a significance level of p <0.01. Non-
parametric Mann-Whitney U Test for two independent samples were applied, with a sig-
nificance level of p <0.05.

2.2. Sample Selection

Italy had 37,298 wine farms in Italia in 2021 [41]. Italian wines production amounted to
54,005 million hectolitres as of April 2023, mainly in Veneto region (11,870) and Puglia
region (10,846), Emilia-Romagna region (6,139) and Sicilia (5,881) [42].

The sector main characteristics regarding to farm size are high segmentation and deep
duality. Four percent of all wineries have a vineyard production area of more than 30
hectares, and together account for more than twenty-four percent of the total wine-grow-
ing area. On the contrary, there are fifty-five percent of wine farms with an area of less
than 3 hectares, and which constitute seventeen percent of the total wine area [43]. So,
there is a co-existence between firms that have a big wine production amount, and, in the
other hand, thousands of small wine farms that have a small grapes production, usually
for self-consumption.

A sample of one hundred and twenty wineries were selected from several Italian WPDOs.
The sampling method selection was the non-probabilistic method [44, 45]. Researchers
used earlier information to make the sample selection, instead of random selection.
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Wineries were asked about their environmental management systems performance. The
questionnaire was made with Google forms software [46]. Each winery received the ques-
tionnaire by email twice since May to November 2022. Survey was fulfilled by fifty-four
wineries.

2.3 Survey Preparation

The design of the survey was carried out through a questionnaire with a total of thirty-
two questions divided into twelve sections. Questions (Qs) were made based on ISO
14001:2015 content and research studies about EMS implementation and environmental
impacts in Italian wine production [31, 40, 47-53]. Twenty-nine Qs were closed, that is, the
answer alternatives were limited, and three questions were opened, which allowed a long
explanation or description by the respondent. The questionnaire has been included in Ap-
pendix A. Research that are causal, descriptive, and conclusive use this kind of question-
aries [54]. In addition, a Likert scale [47, 55] was utilized, incorporating both a qualitative
scale and a Vo to measure and assess the performance of wineries.

Characterizing and classifying wineries was achieved by utilizing four Qs, denoted as
QS1.1, QS1.2, and QS1.3. Question QS1.1 had seven multiple-choice options and was de-
signed to collect information concerning the role of the individual within the winery who
responded to the survey. Q51.2 comprised five multiple-choice options and was aimed to
evaluate the annual wine production of the wineries. The wineries' production capacities
were categorized into six distinct groups based on their yearly output: less than 50,001
L/year, between 50,001-100,000 L/year, between 100,001-200,000 L/year, between 250,001-
1,000,000 L/year, and more than 1,000,000 L/year. QS1.3 had four multiple-choice options
and was designed to collect data related to the number of employees working at the win-
eries. Employee groups were classified into four ranges: less than 10, between 10-49, be-
tween 50-249, and more than 250.

Effectiveness of wineries in communicating their goals, objectives, results, and environ-
mental commitments to all stakeholders was assessed using three Qs. Q52.3 included six
multiple-choice options that inquired about the internal environmental communication
strategy of wineries. In this case, Vs2s was the quantitative variable (Vq), and each of the
multiple-choice options was assigned discrete values of 0.167, representing the primary
internal communication methods employed by wineries. QS2.4 had six multiple-choice
options that focused on the external environmental communication strategy concerning
the winery's environmental management system. Vsz was the Vo, and each multiple-
choice options were assigned discrete values of 0.167, representing the key environmental
areas for external communication in wineries. QS2.5 consisted of six multiple-choice op-
tions that explored how wineries conveyed their environmental information to stakehold-
ers. Vs»s was the Vo, and each multiple-choice option was assigned discrete values of 0.167,
representing the primary stakeholders involved in wineries' environmental communica-
tion.

Primary environmental objectives of wineries were evaluated with two multiple-choice
Qs. QS2.1 comprised nine multiple-choice options and inquired about the wineries' pri-
mary environmental objectives. Vsz1 was the corresponding Vo, with each multiple-choice
item carrying discrete values of 0.112, reflecting the primary environmental objectives of
the wineries. QS2.2 had nine multiple-choice options, which focused on the specific areas
within the winery associated with EM. Vo was designated as Vs, and, like the previous
question, each multiple-choice option was assigned discrete values of 0.112, signifying the
main environmental areas within the wineries.

The role of top management and its commitment to environmental performance, as well
as the allocation of staff responsible for managing the environmental system within the
winery, were addressed through four Qs labelled QS3.1, QS3.2, QS3.3, and QS3.4.

QS3.1 were dichotomous question, focused on the clarity of the identification of senior
environmental management within the winery. The corresponding Vo, denoted as Vs,
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adopted discrete values: “No” =0 and “Yes” = 1. QS3.2 was a question with a set of four
multiple-choice options designed to assess how frequently senior management reviewed
the EMS. Vs was the corresponding Va for this section, with each multiple-choice option
having discrete values of 1 (“at least every six months”), 0.75 (“more than once a year”),
0.50 (“annually”), and 0 (“never reviewed”). Dichotomous QS3.3 inquired whether the
winery had implemented processes to achieve annual environmental results. Vq for this
question, Vss3, had discrete values of “No” =0 and “Yes” = 1. QS3.4 consisted in a question
with seven multiple-choice options concerning the individual responsible for EM within
the winery. The corresponding Vo, V534, used discrete values of 0.143, representing dif-
ferent staff roles.

Formulation of the environmental policy, the strategies for its communication, the specific
content within the environmental policy, and its integration with the product life cycle
were investigated using QS4.1, Q54.2, Q54.3, and QS4.4. Dichotomous question QS4.1 ad-
dressed the formal establishment of the winery's environmental policy. The correspond-
ing Vg, referred to as Vs, took on discrete values of 0 for "No" and 1 for "Yes. QS4.2 had
eight multiple-choice options, which focused on the different methods of disseminating
the environmental policy. Vo was designated as Vss, and each multiple-choice option was
assigned discrete values of 0.125. Also, QS4.3 had eight multiple-choice options, focused
on different environmental commitments to be included in the environmental policy. Vo
was designated as Vss, and each multiple-choice option was assigned discrete values of
0.125. QS4.4 was a question with three multiple-choice options aimed at determining
which aspects of the life cycle are included in the environmental policy. Vo was designated
as Vsu, and each multiple-choice item was assigned discrete values of 0.334.

Evaluation of key environmental aspects in the winemaking process was carried out using
three open-ended Qs. QS5.1 asked about the winery energy consumption and the
measures to reduce it. Winemaking waste management performance was asked in ques-
tion QS5.2. Finally, question QS5.3 asked about fermentation emissions and the way to
reduce inside the winery. According to the response obtained in each open-ended answer,
a"Yes" is given if the winery demonstrates performance in controlling the environmental
aspect and endeavours to minimize its environmental impact. Conversely, a "No" is as-
signed in the opposite case. The corresponding Vo for three Qs are Vssi, Vss2 and Vsssand
took on discrete values of 1 for "Yes" and 0 for “No”.

Implementation of the Environmental Emergency Plan (EEP) in the winery was inquired
about through three Qs. Dichotomous question QS6.1 inquired on prevention or mitiga-
tion plans to act on negative environmental impact derived from an emergency. The cor-
responding Vo, referred to as Vsel, took on discrete values of 0 for "No" and 1 for "Yes”.
Q56.2 had six multiple-choice options and asked about what kind of environmental emer-
gencies were included in those plans. Vo was designated as Vss2, and each multiple-choice
option was assigned discrete values of 0.167. QS6.3 had five multiple-choice options, and
it asked about the periodicity at which the winery verified its EEP. Vsss was the corre-
sponding Vo, with each multiple-choice option having discrete values of 1 (“at least every
six months”), 0.75 (“more than once a year”), 0.50 e di(“annually”), 0.25 (“less than once a
year”), and 0 (“never”).

Document control and organization were assessed using QS7.1, QS7.2, and QS7.3. Dichot-
omous question QS7.1 was focused on the availability of documentary information for
monitoring, measuring, and evaluating environmental performance. Corresponding Vo,
referred to as Vs7, took on discrete values of 0 for "No" and 1 for "Yes”. QS7.2 had five
multiple-choice options and inquired about how the organization records information to
demonstrate the evaluation of the effectiveness of the environmental management system.
Vq was designated as Vsz, and each multiple-choice option was assigned discrete values
of 0.20. QS7.3 was concerned the frequency at which environmental management system
documentation is created and reviewed. Vs7z was the corresponding Va for this section,
with each multiple-choice item having discrete values of 1 (“at least every six months”),
0.75 (“annually”), 0.50 (“more than once a year”), and 0 (“never”).
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Workers” training about environmental management was evaluated with QS8.1, QS8.2
and QS8.3. Dichotomous question QS8.1 pertained to whether wineries provide environ-
mental management training to their employees. The corresponding Vg, referred to as
Vss1, took on discrete values of 0 for "No" and 1 for "Yes”. QS8.2 consisted in a question of
a set of four multiple-choice options designed to determine how frequently employees
participate in environmental training courses. Vss2 was the corresponding Vo for this sec-
tion, with each multiple-choice option having discrete values of 1 (“at least every six
months”), 0.75 (“annually”),0.50 (“more than once a year”), and 0 (“never”). QS8.3 had a
set of four multiple-choice options designed to determine the number of employees who
participate in environmental training courses annually. Vss:s was the corresponding Vo for
this section, with each multiple-choice item having discrete values of 1 (“more than 75%”"),
0.75 (“between 50%-75%"), 0.50 (“between 25%-50%"), and 0.25 (“less than 25%").
Compliance with legal environmental requirements was evaluated with dichotomous
QS9.2. The corresponding Vo, denoted as Vs, adopted discrete values: “No” = 0 and
“Yes” = 1. Risk and opportunity assessment were evaluated with the multiple-choice
Q59.3 and Q59.4. Both had three multiple-choice options. QS9.3 was a concerning the risk
analysis method and QS9.4 concerning the opportunity analysis method. The correspond-
ing VQ are VS93 and V594 respectively, and each multiple-choice item having discrete
values of 1 (“quantitative method”), 0.50 (“qualitative method”), 0 (“none”).

Finally, dichotomous question QS10.1 inquires whether the EMS certification has been
carried out in accordance with ISO 14001:2015 standards. The corresponding VQ, denoted
as V5101, adopted discrete values: “No” =0 and “Yes” =1

3. Results

The distribution of wineries in descending frequencies is depicted through the Pareto
chart in Figure 1.

Yearly wine production

0 u
up to 50,001 Liyear 100,001 Livear - 250,000 Liyear
50,001 Liyear - 100,000 Liyear maore than 1,000,000 Liyear 250,001 Liyear - 1,000,000 Liyear

Figure 1. Wineries Pareto Chart regarding their wine yearly production

A significant majority of wineries (75.0%) produce less than one hundred thousand Li-
ters/year, while 12.5% exceed one million Liters/year.
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These wineries sample distribution stands for the Italian wine sector duality. A high num-
ber of small wineries with low annual productions and a small number of large wineries
with high annual productions.

Regarding number of winery workers, 80.8% of wineries has less than 10 workers, and
19.2% have between 10 and 49 workers.

The areas related to environmental management of which the wineries claim to consider
are the next: Environmental Management (48.0%), Leadership (12.0%), Planning of envi-
ronmental objectives (40.0%), Environmental risk and opportunities (10.5%), Resources
and environmental support (20.0%), Communication (52.0%), Operation and environ-
mental control (40.0%), Emergency Response (12.0%) and Monitoring, analysis, and eval-
uation of EMS performance (52.0%). Results shows a lack of clearly define EM areas in the
Italian wineries. Only large wineries (80%) have a defined an implemented structure focus
on EMS.

3.1 Environmental communication

Internal communication is the way in which senior management communicates environ-
mental issues with its staff. E-mail is used by 74.2% of wineries, being the most wide-
spread regardless of the size of the winery. Website (45.2%) and social media (35.5%) were
the next most used media. Newsletters (22.6%) and internal staff sites (12.9%) were basi-
cally used by large wineries. Finally, other ways as WhatsApp (3.2%), direct communica-
tion (6.4%) and informative talks (3.2%) are very minority systems.

External communication is harnessed by wineries to explain their environmental aware-
ness and environmental performance to external stakeholders. 84.4% of wineries used so-
cial media as Facebook and Instagram, Website were used by 81.3% of wineries. Newslet-
ters (31.3%), Advertisement (6.3%) and marketing campaigns (25.6%) are other minors
communication ways.

Figure 2 shows the different stakeholders that wineries inform about their environmental
performance and environmental awareness. Clients (88.9%) and shops (74.1%) are most
popular stakeholder that received environmental information from wineries. Then, Public
administrations (48.19%) and suppliers (37%). Ecology associations (3.7%) or wine club
members (3.7%) are few represented.

Percentage of wineries that communicate EM by stakeholder type

Customers

Shops

g Public administrations

°

L

2

c’% Suppliers 37,0
Ecology associations I

Others I

Figure 2. Percentage of wineries that communicate Environmental Management perfor-
mance by stakeholder type.
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Results shows that Information and Communication Technologies (ICT) [55] are clearly
most often used by wineries to inform about their environmental management perfor-
mance to all stakeholders, and environmental communication is focus on selling wine as
customers (88.9%) and shops (74.1%) are the main target for wineries. The wineries add
value to their wines by informing about an adequate environmental management, and for
this they use the Social Media Marketing. Social Media Marketing (SMM) is being used to
promote businesses and brands interacting with current and prospective customers
through social networks. Instagram or Facebook are popular social networks that compa-
nies use to promote their products [56, 57]. One in three wineries communicate to suppli-
ers and one in two inform to public administrations, in both cases are accomplished with
the EMS communication requisites.

Finally, ecology associations or others, related to wine club members, appears as other
minor stakeholder that are related to the specific contexts where wineries develop their
activity.

A quantitative analysis of environmental communication was performed based on an in-
dicator defined by the equation (1) [58, 59]:

Weem = (Vszz + Va4 + Va5 + Vgp)/m - (1)
Where:

o Wy, isthe aggregated communication variable for each winery,

o Vi3 is the internal communication strategy variable of the winery, Vg3 = Zi‘;l a;, a;
is each item of this multiple-choice question (yes=0.167, no=0),

e Vi, is the external communication strategy variable of the winery, Vsz4 = 216=1 b;, b;
is each item of this multiple-choice question (yes=0.167, no=0),

o Vs is stakeholder’s variable to whom the winery communicates its environmental
information of the winery, Vs,s = Y., ¢j, ¢; is each item of this multiple-choice ques-
tion (yes=0.167, no=0),

e Vg4, is the environmental policy communication variable of the winery, Vg4, =

=14, d; is each item of this multiple-choice question (yes=0.125, no=0),

e n is number of variables that has been aggregated, and its value is 4.

Obtaining the Environmental Communication Key Indicator (I¢y,) for each group of win-
eries according to their yearly wine production size by the expression (2):

_ 2:21 Weem

Iecm - - (2)

m

Where:

o Ieem is the Environmental Communication Key Indicator for each group of wineries
according to yearly wine production,

o W, is the aggregated communication variable for each winery,

e m is number of wineries of the related group.

This indicator is dimensionless and express the grade of progress achieved in relation to
environmental communication in each of the winery groups, according to their annual
production. The grades of progress are defined as Star (Iec,, between 0-0.33), In progress
(Iecm between 0.34 -0.67), and Maturity ( Ieey, between 0.68 to 1). Environmental commu-
nication indicator (I¢y,) values for winery size group regarding to their yearly annual
wine production are showed in Table 5.
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3.2 Environmental commitment: Policy, leadership, and roles management

Environmental policy are organization intentions and its leadership in relation to its en-
vironmental performance. These intentions expressed and formally communicated by
senior management constitute this policy (15). A 71.9% of wineries had set up an environ-
mental policy and have an environmental senior management. However, 28.1% do not
have it, and this represents that one in three wineries has a big failure in its EMS. Envi-
ronmental policy and senior management leadership are essential to commit the wineries
with environmental protection and awareness.

Distribution of who assumed the main responsibilities for EM in the wineries is repre-
sented in Table 1.

Table 1. Distribution of position roles that assume EMS high responsibility in the winer-

1es.
Position Percentage (%0)
Owner 50
Executive Manager 14
Vineyards Manager 12

General Manager
No answer
Administration Officer

Environmental Officer

w w w o ©

Quality Advisor

Results highlight the significant role of owners in environmental management, with 50%
of the responsibilities allocated to them. This suggests that ownership plays a crucial role
in shaping the environmental policies and practices within a vineyard. Executive manag-
ers and vineyard managers follow closely, contributing 14% and 12%, respectively, show-
casing their integral role in implementing and overseeing EMS. The presence of a "No
answer" category at 6% suggests a potential gap in awareness or acknowledgment of en-
vironmental responsibilities among certain personnel.

Administration officers, environmental officers, and quality advisors collectively contrib-
ute 9%, indicating that specialized roles also play a significant part in ensuring EM. The
distribution emphasizes the need for a holistic approach, incorporating both general man-
agement and specialized roles to address environmental challenges effectively.
Regarding to EMS reviewing by senior management, 26.9% review it at least every six
months, 15.4% more than once a year, 53.8% review it annually, and 3.8% never review it.
Finally, 56.3% of wineries have established procedures to achieve annual environmental
results, compared to 43.8% that have not.

A quantitative measure of environmental commitment was performed based on an indi-
cator defined by the equation (3).

Weex = (Vsg1 + Vszg + Vszz + Vszz)/m - (3)
Where:
o W, is the aggregated commitment variable for each winery,

e Vg4, is the winery environmental policy variable of the winery, (yes=1, no=0),
e Vg3, is the environmental director variable of the winery (yes=1, no=0),
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e Vg3, measures the senior management environmental system evaluation frequency. It
could take one of next four values, 1 if (at least every six months), 0.75 (more than
once a year), 0.50 (annually), and 0 (never reviewed).

e V33 is the environmental evaluation procedure variable of the winery, (yes=1, no=0).

e n is number of variables that has been aggregated, and its value is 4.

Obtaining the Environmental Commitment Key Indicator (Iecx) for each group of wineries
according to their yearly wine production size by the equation (4):

Z:I; WECX
= Haaten 4)

I
ecx m

Where:

o I, is the environmental commitment key indicator for each group of wineries ac-
cording to yearly wine production,

e W, is the aggregated commitment variable for each winery,

e m is number of wineries of the related group.

This indicator is dimensionless and express the grade of progress achieved in relation to
environmental commitment and leadership in each of the winery groups, according to
their annual production. The grades of progress are defined as Star (Iox between 0-0.33),
In progress (Io.x between 0.34 -0.67), and Maturity ( I, between 0.68 to 1). Environmen-
tal Commitment indicator (Io) values for winery size group regarding to their yearly
annual wine production are showed in Table 5.

3.3 Environmental planning: Objectives, environmental aspects, risk and opportunities
and legal requisites.

Environmental planning encompasses environmental objectives, environmental aspects,
legal requirements related to the environment, and risk and opportunity assessment.
These components together form the basis for effective environmental planning, ensuring
compliance and the ongoing improvement of environmental performance.

Main wineries environmental objectives are waste production reduction (75.0%), electric-
ity consumption reduction (75.0%), water consumption reduction (71.9%), substances re-
leasing into the soil reduction (68.8%), greenhouse gas emissions reduction (53.1%), other
gases emissions reduction (28.1%), use of raw materials reduction (21.9%), land use re-
duction (15.6%) and others as agricultural land recovery (3.1%).

The alignment between the long-term environmental policy commitments made by win-
eries and their annual environmental objectives is illustrated in Figure B1, which is pro-
vided in Appendix B for reference. In general, the greatest consistency occurs in electricity
consumption (84.6%) and water consumption (83.3%), the lowest coherence occurs in fos-
sil fuel consumption (57.9%).

The environmental aspects of the winemaking process consulted were electricity con-
sumption (Vss1), solid waste production (Vss; ), and gases hazardous production to work-
ers' health (Vgs3). Measures used to reduce electricity consumption were installation of
solar panels (50%), use of electrical energy produced by renewable sources (15%), use of
buried structures to keep heat produced with electrical energy (10%) and active manage-
ment of electricity consumption reduction of luminaires and equipment (10%). The 10%
of wineries do not have measures to reduce electricity consumption. Measures used to
reduce waste production are waste classification and separated disposal (71.4%), recycling
and reuse of packaging (23.8%), use of biodegradable ecological packaging (4.72%), agro-
nomic use of organic waste (4.7%). 4.7% of wineries do not have measures to reduce waste
production.
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The 61.3% of wineries adhere to the stipulated legal requirements set forth by relevant
authorities regarding environmental impact. Prioritizing compliance with environmental
regulations is pivotal for wineries. By systematically identifying and assessing applicable
legal requirements, over half of the wineries showcase a dedicated commitment to envi-
ronmental responsibility.

The 68.8% of wineries have certified their EMS according to the ISO 14001:2015 standard.
This certification guarantees legal compliance, resource efficiency, and waste reduction.
Demonstrating a commitment to environmental responsibility, more than half of the win-
eries aim to build trust and capitalize on business opportunities in environmentally con-
scious markets.

A quantitative measure of environmental planning was performed based on an indicator
defined by the equation (5).

Wepx = (Vsz21 + Vszz + Vsas + Vsag + Vssg + Vssz + Vssz + Vsgz + Vsgz + Vsoa)/m - (5)
Where:

o W, is the aggregated environmental management planning variable for each win-
ery,

e V5,1 measures the wineries' primary environmental objectives of the winery, Vsq =
Yi-1bj, b; is each item of this multiple-choice question (yes=0.112, no=0),

e Viy, is the EM specific areas variable of the winery, Vgz; = Z?zl b;, b; is each item of
this multiple-choice question (yes=0.112, no=0),

e Vg3 is the environmental commitments variable of the winery, Vg43 = Z?=1 b;, b; is
each item of this multiple-choice question (yes=0.125, no=0),

o Vg, is the life cycle aspects variable, Vgqq = Zi3=1 b;, b; is each item of this multiple-
choice question (yes=0.334, no=0),

o Vg5 is the winery energy consumption environmental aspect variable of the winery,
(yes=1, no=0),

e Vs, is the waste management performance environmental aspect variable of the win-
ery (yes=1, no=0),

e Vss is the fermentation emissions performance environmental aspect variable of the
winery (yes=1, no=0),

o Vg, is the EEP availability variable of the winery (yes=1, no=0),

e Vg6, measures the kind of emergencies in the EEP of the winery, Vgg; = Zi(’=1 b, b; is
each item of this multiple-choice question (yes=0.167, no=0),

o Vg3 measures the EEP evaluation frequency. It could take one of next four values, 1
if (at least every six months), 0.75 (more than once a year), 0.50 (annually), and 0 (never
reviewed).

e Vgy is the EMS document availability variable of the winery, (yes=1, no=0),

e Vs, measures how the EMS information is recorded in the winery, Vg7, = Zi5=1 b;, b;
is each item of this multiple-choice question (yes=0.2, no=0),

¢ Vg;3 measures the document control frequency. It could take one of next four values,
1 if (at least every six months), 0.75 (annually), 0.50 (more than once a year), and 0
(never reviewed).

o Vo, is the legal environmental requirements variable of the winery (yes=1, no=0),

e Vg3 is the risk assessment variable. It could take one of next three values, 1 if (quan-
titative method), 0.50 (qualitative method), and 0 (none).

o Vg, is the opportunity assessment variable. It could take one of next three values, 1 if
(quantitative method), 0.50 (qualitative method), and 0 (none).

e n is number of variables that has been aggregated, and its value is 10.
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Obtaining the Environmental Planning Key Indicator (I¢py) for each group of wineries ac-
cording to their yearly wine production size by the expression (6):

I _ Zinélwepx
epx —

(6)

m

Where:

e Iy is the environmental planning key indicator for each group of wineries according
to yearly wine production,

e W, is the environmental management framework variable for each winery,

e m is number of wineries of the related group.

This indicator is dimensionless and express the grade of progress achieved in relation to
environmental planning in each of the winery groups, according to their annual produc-
tion. The grades of progress are defined as Star (I.px between 0-0.33), In progress (I¢px
between 0.34 -0.67), and Maturity ( Iepx between 0.68 to 1). Environmental Planning Indi-
cator (I¢px) values for winery size group regarding to their yearly annual wine production
are showed in Table 5.

3.4 Other environmental management requirements: Environmental emergency plan,
document control and organization, and certification.

Other environmental requirements are based on the development of EEP, the implemen-
tation of a documented management system, and certification. This framework provides
a solid foundation for environmental management and continuous improvement of envi-
ronmental performance.

EEP in wineries is crucial for safeguarding human and environmental resources. Wineries
face various potential emergencies, such as fires and chemical spills, which can impact
their operations and the environment. The 38.7% of wineries have not formulated an EEP
to prevent or mitigate adverse environmental impacts arising from emergency situations,
leaving the remaining 61.3% with EEP in place. When it comes to the periodic assessment
of EEP, over half of the wineries conduct these assessments annually. Table 2 provides
insight into the frequency with which wineries verify their EEPs, categorized by winery
size groups.

Table 2. Percentage of wineries by size groups according with the frequency that they

verify their EEP.
Periodicity verified EEP (%)
Wineries size atleastvery ~ more than annually less than never
sixmonths  once a year once a year
Up to 50,000 L1y 8 8 58 0 25
50,001-100,000 L/y 0 0 62 16 31
100,001-250,000 L1y 0 25 75 0 0
250,001-1,000,000 L/y 0 0 100 0 0
More than 1,000,000 L/y 25 0 50 0 25

Regarding the inclusion of environmental emergencies in EEPs, data reveals that fire is a
component in 86.4% of winery EEPs. An uneven discharge of water is incorporated into
45.5% of EEPs, while an unusual presence of stains or foams of un-known origin from
nearby water channels is considered in 18.2% of these plans. The presence of waste and/or
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abandoned waste is addressed in 54% of EEPs, and the spillage of hazardous substances
is a part of 22.7% of these plans. Additionally, other types of environmental emergencies
are accounted for in 4.5% of winery EEPs.

Ninety-four-point twelve percent (94.12%) of wineries implement an organized and con-
trolled documentation system. The 53% annually update information in line with ISO
14001 standard. Yet, 30% of wineries do not engage in the annual updating process.
With respect to ISO 14001:2005 certification, 31.3% of wineries have obtained certification
for their Environmental Management Systems (EMS) according to this standard.

A quantitative measure of other environmental requirements was performed based on an
indicator defined by the equation (7).

Werx = (Vse1 + Vsez + Vse3 + Vsz1 + Vo2t Vg3 + Vs101) +/n (7)
Where:

e W, is the aggregated other environmental requirements variable for each winery,

o Vg, is the EEP availability variable of the winery (yes=1, no=0),

e Vg6, measures the kind of emergencies in the EEP of the winery, Vgg; = Zi‘;l b;, b; is
each item of this multiple-choice question (yes=0.167, no=0),

e Vg3 measures the EEP evaluation frequency. It could take one of next four values, 1
if (at least every six months), 0.75 (more than once a year), 0.50 (annually), and 0 (never
reviewed).

e Vgyq is the EMS document availability variable of the winery, (yes=1, no=0),

e Vs, measures how the EMS information is recorded in the winery, Vg7, = Zfﬂ b;, b;
is each item of this multiple-choice question (yes=0.2, no=0),

e Vg3 measures the document control frequency. It could take one of next four values,
1 if (at least every six months), 0.75 (annually), 0.50 (more than once a year), and 0
(never reviewed).

o Vsq01 is the legal environmental requirements variable of the winery (yes=1, no=0),

e n is number of variables that has been aggregated, and its value is 7.

Obtaining the Other Environmental Management Requirements Key Indicator (I¢) for
each group of wineries according to their yearly wine production size by the expression

(8):

in; Werx
Ierx = ZIT (8)
Where:

o I, is the other environmental management requirements key indicator for each
group of wineries according to yearly wine production,

e W, is the other environmental management requirements variable for each winery,

e m is number of wineries of the related group.

This indicator is dimensionless and express the grade of progress achieved in relation to
other environmental requirements in each of the winery groups, according to their annual
production. The grades of progress are defined as Star (I, between 0-0.33), In progress
(Ierx between 0.34 -0.67), and Maturity ( I¢y between 0.68 to 1). Other Environmental
Management Requirements indicator (I¢) values for winery size group regarding to their
yearly annual wine production are showed in Table 5.

3.4 Environmental training for workers
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Employee training in environmental management is pivotal in raising awareness about
environmental aspects within their roles and responsibilities. This training encompasses
understanding sustainable objectives and activities, thereby contributing to the continu-
ous improvement of environmental performance.

The 71% percent of wineries provide training to their employees in connection with their
environmental management system, whereas the remaining 29% do not offer such train-
ing. Table 3 illustrates the distribution of training offerings based on winery size.

Table 3. Percentage of wineries that offer training to their workers categorized by their
annual wine production size.

% of wineries that offer environmental training to their workers
Upto 50,001- 100,001- 250,001-

Wineries More than
. 50,000 100,000 250,000 1,000,000
Slze L/year L/year L/year L/year 1,000,000 L/year
Percentage 42 69 75 100 100

The frequency of worker participation in environmental training courses and the percent-
age of total workers participating in such courses annually, categorized by winery size, is
showed in Table 4.

Table 4. Percentage data regarding the frequency of worker participation in environmen-
tal training and the percentage of total workers participating in such training annually
categorized by winery size.

% of wineries categorized according to the frequency at

which their workers participate in environmental training

at least more

Wineries size every annual than never
six months once a year
Up to 50,000 L/year 0 67 33 0 100
50,001-100,000 L/year 11 78 11 0 100
100,001-250,000 L/year 0 100 0 0 100
250,001-1,000,000 L/year 0 100 0 0 100
More than 1,000,000 25 75 0 0 100
L/year
% of wineries categorized based on the proportion of their total
workforce participating in annual environmental training
L less
Wineries size more between between than
than 75% 50%-75% 25%-50% 2504
Up to 50,000 L/year 17 0 67 16 100
50,001-100,000 L/year 56 0 11 33 100
100,001-250,000 L/year 34 33 33 0 100
250,001-1,000,000 L/year 100 0 0 0 100
More  than 1,000,000 75 0 25 0 100

L/year
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A quantitative measure of environmental workers’ training was performed based on an
indicator defined by the equation (9).

Wewt = (Vsgq + Vsgz + Vsgz)/m - (9)
Where:

o W, is the aggregated environmental worker training variable for each winery,

e Vg, is the EMS workers training availability variable of the winery (yes=1, no=0),

e Vg, measures the workers training frequency. It could take one of next four values, 1
if (at least every six months), 0.75 (annually), 0.50 (more than once a year), and 0
(never).

e Vg3 measures number of employees who participate in environmental training
courses annually. It could take one of next four values of 1 (more than 75%), 0.75 (be-
tween 50%-75%), 0.50 (between 25%-50%), and 0.25 (less than 25%).

e n is number of variables that has been aggregated, and its value is 3.

Obtaining the Environmental Workers Training Key Indicator (Iey) for each group of
wineries according to their yearly wine production size by the equation (10):

—_ 2:‘;1 wewt (10)

Where:

e Iy is the environmental workers training key indicator for each group of wineries
according to yearly wine production,

o W, is the aggregated environmental workers training variable for each winery,

e m is number of wineries of the related group.

This indicator is dimensionless and express the grade of progress achieved in relation to
environmental workers training in each of the winery groups, according to their annual
production. The grades of progress are defined as Star (I.y: between 0-0.33), In progress
(Iewt between 0.34 -0.67), and Maturity ( I.y between 0.68 to 1). Environmental Workers
Training Indicator (I.y) values for winery size group regarding to their yearly annual
wine production are showed in Table 5.

3.5 Integrated table and graph of the grade of progress in wineries generated by the per-
formance indicators.

Effectiveness in EM is achieved through the combination of five components: communi-
cation, commitment, planning, other requirements, and workers training. The five perfor-
mance key indicators allow to determine the degree of progress that each group of winer-
ies has reached related to EM performance. Table 2 and Table 5 shows values Iecm, lecxs
Iepx lerx and Iy, by winery sizes groups and grade of progress.

Each key performance indicator represents the level of progress in a specific component.
Ieem stands as the performance metric reflecting advancements in the communication
component. I, serves as the indicator representing progress in the commitment compo-
nent, I, denotes the metric showing progress in the environmental planning compo-
nent, I, serves as a metric indicating progress in the implementation of other EM re-
quirements, and Iy, signifies the indicator reflecting progress in the training component.
Components performance level by each winery sizes group on EM are illustrated in Fig-
ure 3.
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Table 5. Environmental Communication Key Indicator (Ieey), Environmental Commit-
ment Key Indicator (I¢x), Environmental Planning Key Indicator (I¢px), Environmental
Management Requirements Key Indicator (I¢) and Environmental Workers Training
Key Indicator (Iy:) values by winery sizes groups and their corresponding grade of per-
formance progress performance.

o Grade Grade Grade Grade Grade
Wineries size Tecm Tocx Iepx Terx Tewt
of progress of progress of progress of progress of progress
Up to 50,000
0.29 Star 0.55 Inprogress 0.40 Inprogress 0.44 Inprogress 0.38 In progress
L/year
50,001-100,000 )
0.33 Star 0.65 Inprogress 0.53 Inprogress 0.45 Inprogress 0.83 Maturity

L/year

100,001-250,000
0.36  Inprogress 0.66 Inprogress 0.56 Inprogress 0.67 Inprogress 0.63 Inprogress

L/year
250,001-1,000,000 ) ) . ]
0.35 Inprogress 0.90 Maturity  0.77 Maturity ~ 0.77 Maturity ~ 0.92 Maturity
L/year
More than 1,000,000 ) . .
. 0.46  Inprogress 0.83 Maturity 0.98 Maturity 0.66 Inprogress 0.90 Maturity
year

—— Communication
Commitment

——Planning

— Other requirements

— Training

More than 1,000,000 L/year 50,001-100,000

250,001-1,000,000 100,001-250,000

Figure 3. Radial diagram with each EM components performance by each winery sizes
group.

4. Discussion

Our investigation has unearthed essential insights into the EM practices within Italian
wineries, delving into their environmental objectives, communication tactics, and adher-
ence to environmental policies and leadership frameworks. Mirroring the findings of
Nishitani K., our research underscores the profound influence that EMS exert on a firm
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environmental performance [60]. The Italian wine sector, driven by EU regulations and a
consumer demand for eco-friendly products, has increasingly adopted EMS, focusing on
minimizing water and energy consumption and reducing chemical use. This shift towards
sustainability is evidenced by the wine industry pursuit of environmental certifications,
such as ISO 14001, aligning with Nishitani observations on EMS beneficial impact on EMS
in the environmental performance, as discussed by Martin-de Castro in 2016 [61].
Regarding the scale of winery operations, a significant majority, 80.8%, employ less than
ten individuals. This distribution by workforce size is crucial, potentially impacting their
approach to environmental management. Smaller wineries, constrained by their scale, of-
ten encounter difficulties in implementing advanced sustainable technologies. Research
by Gabzdylova [62] reveals a keen interest in sustainable practices, hindered by financial
limitations, restricted sustainability information, and the complexity of EMS implementa-
tion. This reflects our findings on how the size of winery farms influences EM strategies,
with smaller entities facing challenges in making substantial sustainability investments.
However, smaller wineries have the advantage of targeting niche markets that value sus-
tainability and artisanal methods. A study on New Zealand wineries markets by Forbes
[63] illustrates how they leverage their small scale to market their wines as premium, often
using sustainability as a unique selling proposition, allowing them to stand out in a com-
petitive market.

Conversely, larger agricultural firms have shown their capability to initiate significant en-
vironmental projects. Examples from Brazil's soybean and beef industries, and the food
manufacturing EU sector, as highlighted by Medina [64], demonstrate the potential of
larger enterprises to set sustainability standards and influence industry practices.
Environmental objectives are a focal point for wineries, aiming for reductions in waste,
electricity, and water use, and emissions. However, there's variability in how these long-
term commitments align with annual goals, particularly concerning fossil fuel usage. Rah-
man research [65] provides insights into the challenges and opportunities within the wine
industry, noting the positive correlation between electricity consumption, economic
growth, and CO2 emissions, and the negative impact of globalization on emissions. In
regions like California, the adoption of renewable energy sources by wineries, exemplified
by the Napa Green program, marks a significant step towards reducing non-renewable
electricity dependence [66].

The domain of environmental communication is pivotal, utilizing both internal and exter-
nal channels. Internal communication heavily relies on email, used by 74.2% of wineries,
underscoring the digital platform's ubiquity. Externally, social media, especially Facebook
and Instagram, play a significant role, with 84.4% of wineries using them to share their
environmental initiatives with stakeholders. This proactive use of ICT for environmental
management communication is supported by Galati [67] in 2019, which found that win-
eries most active in social responsibility and engagement on social media platforms have
a marked impact on information dissemination. Clients (88.9%) and shops (74.1%) are
most popular stakeholder that received environmental information from wineries. These
data underscores wineries' commitment to reaching their customers and shops, which
constitute the main target audience for their environmental communication efforts. This
result corresponds with the growing interest of wine consumers in environmental issues,
as demonstrated in various studies [68, 69] different stakeholders that wineries inform
about their environmental performance and environmental awareness. However, there
is room for growth in connecting with specific stakeholder groups such as ecology asso-
ciations and wine club members. These segments are relatively underrepresented in win-
eries' environmental communication strategies, presenting an opportunity for further en-
gagement.

Environmental commitment are foundational aspects in environmental awareness. Ap-
proximately 71.9% of wineries have established environmental policies, indicating a solid
commitment to environmental stewardship. However, the existence of wineries without
such policies, about 28.1%, reveals gaps in EMS adoption. The role of senior management
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in fostering environmental responsibility is critical, with more than half of the wineries
undertaking annual EMS reviews, although a small percentage, 3.8%, never review their
EMS, highlighting varied commitment levels across the industry. These findings align
with research by Burawat [70], underscoring the impact of leadership on sustainable prac-
tices. Responsibility distribution for environmental management in viticulture places
owners, executive managers, and vineyard managers at the forefront of implementing
sustainability measures. The presence of a "No answer" category emphasizes the need for
awareness and accountability across management levels. Our environmental commitment
indicator offers a metric for assessing progress in EM among wineries, reflecting their
dedication to environmental responsibility based on annual wine production.

This commitment is manifested in various environmental goals, such as waste reduction
and lower electricity and water usage, and aligned with Fragoso research [71] on primary
environmental objectives in Portuguese wineries. However, alignment between long-term
commitments and annual targets, especially regarding fossil fuel consumption, needs im-
provement. The winemaking process involves strategies to reduce electricity usage and
waste production, with a notable interest in sustainable practices highlighted by similar
research from Iannone [72] in 2021, and Zhang [73] in 2019. Measures primarily include
waste classification and disposal (71.4%) and the recycling and reuse of packaging mate-
rials (23.8%). A notable 4.7% of wineries utilize agronomic practices for organic waste,
indicating an increasing interest in sustainable methods.

Emergency preparedness remains vital, with 38.7% of wineries lacking comprehensive
plans, though the majority conduct periodic assessments. Preparedness for fire emergen-
cies is robust in our findings. Our results align with the requirements related to emergency
preparedness in food businesses as identified by Song [74]. Song indicated that improving
technology, employee skills, and process monitoring enhances effective emergency pre-
paredness in food businesses.

Nearly all wineries prioritize organizing and controlling documentation, essential for
aligning with ISO 14001 standards and demonstrating commitment through the docu-
mentation system. However, a third of wineries do not update their documentation an-
nually, indicating an area for improvement.

The level of EMS certification to the ISO 14001:2015 standard is relatively low, consistent
with findings in the Italian wine sector [75, 76].

Data emphasizes the significance of environmental training in wineries supporting re-
search that shows workers environmental responsibility and personal values drive sus-
tainable behaviour and innovation [77, 78]. It also sheds light on trends based on winery
size and annual wine production. Notable findings include information about winery size
and training provision revealing correlation between winery size and the provision of en-
vironmental training. Larger wineries universally offer environmental training to their
employees. This underscores the commitment of larger establishments to employee train-
ing in environmental management. Findings demonstrate that the frequency of worker
participation in environmental training varies among wineries of different sizes. This di-
vergence underscores the diversity of training approaches based on winery size. Results
are consistent with the findings about winery workers training conducted by Lopez-San-
tiago [79].

Several factors can influence engagement levels in environmental training across wineries
of different sizes. For large wineries, the availability of resources to invest in comprehen-
sive training programs, along with a formalized organizational structure, likely contrib-
utes to higher engagement levels. In contrast, small wineries may struggle with resource
constraints, leading to less formalized training and lower engagement. Furthermore, the
culture and values of the organization, leadership commitment to environmental issues,
and the perceived relevance of the training to employees' roles can significantly impact
workforce engagement. Workforce engagement in environmental initiatives is increas-
ingly recognized as a critical factor for the successful implementation of sustainable prac-
tices in the wine industry. Studies by Hameed [80] and Riyanto [81] suggest that the active
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involvement of employees in environmental training and sustainability programs signif-
icantly contributes to the effectiveness of these initiatives. Engaged employees are more
likely to adopt and advocate for sustainable practices, leading to a more environmentally
responsible organizational culture.

Environmental performance indicators developed in our study provide a benchmark for
evaluating EM progress across different winery sizes, offering insights into the industry's
commitment to improving its environmental footprint. These findings highlight the wine
industry's diverse efforts towards sustainability, emphasizing the critical role of commu-
nication, training, and leadership in advancing environmental management practices.

4.4 Limitation and strength of the study

One of the key drawbacks of this research resides in the diminished rate of participation
received from the wineries under examination, which could potentially influence the in-
clusiveness and applicability of the data to the broader Italian wine industry. Nonetheless,
a fundamental merit of this study is grounded in the formulation of performance metrics
utilizing the questionnaire approach. This instrument establishes a sturdy groundwork
for scrutinizing data and facilitates the assessment of wineries' performance in EMS.

5. Conclusions

Our study has successfully achieved its primary goal by providing a detailed overview of
how Italian wineries manage their environmental practices, communicate their strategies,
and commit to EM. The research identified both strong points and potential areas for en-
hancement in their efforts towards environmental sustainability, offering a clear view of
the varied strategies and dedication levels across the industry. Furthermore, it developed
a collection of indicators, based on survey responses, that allows us to measure the ad-
vancement of EM adoption within wineries.

In addition to reducing environmental impacts, EMS implementation helped wineries to
improve their reputation and gain a competitive advantage in the global market. Wineries
that have a certified EMS could differentiate their products from other conventional
wines. Despite the benefits of EMS implementation, there are also challenges and limi-
tations to their effectiveness. One of the main challenges is the cost and complexity of
implementing EMS, which can be a barrier for small and medium-sized wineries. Addi-
tionally, EMS implementation requires ongoing monitoring and evaluation to ensure that
environmental goals are being met.

While existing research underscores the importance of environmental practices and work-
force engagement in the wine industry, there is a noticeable gap in literature specifically
addressing how the size of wineries influences engagement levels in environmental train-
ing. This gap presents an opportunity to explore the relationship between winery size and
workforce engagement, particularly how small and large wineries differ in their ap-
proaches and challenges to engaging their workforce in environmental initiatives. The ca-
pacity of larger firms in the food industry to leverage economies of scale for environmen-
tal sustainability is evident across various sectors and countries. These firms play a pivotal
role in advancing sustainable practices, from agriculture to manufacturing and retail.
However, realizing the full potential of these initiatives requires addressing challenges
related to transparency, supply chain complexity, and ensuring that sustainability efforts
benefit all stakeholders within the food system.

The policy implications emphasizing the importance of technological investment, educa-
tion, and global cooperation are directly applicable to the wine industry. Collaborative
efforts, possibly in the form of international partnerships or certifications, could promote
the sharing of sustainable practices and technologies across borders, enhancing the indus-
try’s overall sustainability. Globalization's role in environmental degradation is complex;
however, implying that increased globalization can lead to improved environmental
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quality. In the context of wineries, globalization has facilitated the exchange of sustainable
technologies and practices. New World wine-producing countries, such as New Zealand
and Chile, have rapidly adopted sustainable viticulture and winemaking practices, partly
due to their integration into the global wine market.
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Appendix A

Environmental management system questionnaire (Italy)

1.

3.

Company name*
E-mail address *

S1.1 Annual production capacity

Mark only one oval.

© O © O O

Less than 50,001 liters/year.

50,001 liters/year - 100,000 liters/year.
100,001 liters/year - 250,000 liters/year.
250,001 liters/year — 1,000,000 liters/year.
More than 1,000,000 liters/year.

51.2 Number of employees

Mark only one oval.

© O © O

<10.

10 to 49.
50 to 249.
250.

51.3 Job position in the company

Mark only one oval.

© O © © O O

General Manager.

Owner Manager.

Ecological Manager.

Administration Officer.

Vineyard Manager Executive Director.
Other

* Obligatory

52.1  What are the company's main environmental objectives?

Select all that apply.

© O 0 O O 0 o0 O O

Electricity consumption reduction.

Water consumption reduction.

Land use reduction.

Greenhouse gas emissions reduction.

Other gases emissions reduction.

Waste production reduction.

Use of raw materials reduction.

Substances releasing into the soil reduction.
Other
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7.

52.2 Does the company have any of the following areas/departments?

Select all that apply.

© O 0 0 O 0 0 O O

Environmental Management.

Leadership.

Planning of environmental objectives.

Environmental risk and opportunities.

Resources and environmental support.

Communication.

Operation and environmental control.

Emergency response.

Monitoring, analysis, and evaluation of EMS performance.

52.3 What is the company's internal communication strategy?

Select all that apply.

© O © O O ©

Website.

Email.

Social media (Facebook, Instagram etc.).
Newsletters.

Internal staff site.
Other

52.4 What is the company's external communication strategy?

Select all that apply.

© O © 0 O O

10.

Website.

Social media (Facebook, Instagram, etc).
Newsletters.

Advertisement.

Marketing campaigns.
Other

52.5 Does the company disclose environmental information to any stakeholders?

Select all that apply.

© O © © O O

11.

Clients.

Ecology associations.
Public administrations.
Suppliers.

Shops.

Other

53.1 Has the organization clearly identified the Environmental Director in the
company?
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Mark only one oval.

o) Yes.
o) No.

12. S3.2 How often does the senior management review the organization’s
environmental management system?

Mark only one oval.

At least every six months.
Annually.

Over a year.

Never.

© O © O

13. S3.3 Has the company established processes to achieve annual environmental
results?

Mark only one oval.

o) Yes.
o) No.

14. 54.1 Has the company established an environmental policy?
Mark only one oval.

§) Yes.
o) No.

15.  54.2 How does the company communicate and/or promote its environmental policy?
Select all that apply.

Website. Newsletter. Social Media. Advertisement.
E-mail promotional. Marketing campaigns.
Courses

None of these

Other

© O © O O

16. 54.3 Does the company's environmental policy include any of these commitments?
Select all that apply.

Reduce use of water.

Reduce use of fossil combustible.
Control of electricity use.

Reduce of fertilizers and pesticides use.
Reduce of gas emissions.

Increasing land use efficiency.

© O O © 0 O O

Improvement in packaging (glass bottles).
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o  Improvement in wines distribution.
17.  54.4 What aspects of the life cycle are included in environmental policy?
Select all that apply.

o  Environmental impacts of the supply chain.
o  Environmental impacts of product use.
o  Environmental impacts of waste generation.

18. 53.4 Who is responsible for environmental management?
Mark only one oval.

Owner

General Manager
Environmental Manager
Administrative Manager
Vineyard Director
Executive Director
Other:

© O O 0 © O O

19. S5.1 Considering that wineries have a high energy consumption, what actions or
measures does the company take to re-duce the environmental impact?

20. S5.2 Wineries generate a lot of solid waste which, once disposed of, has a high
environmental impact. How is this high amount of waste managed?

21. S5.3 Wineries generate gases that are usually impregnated with fruit or machinery.
What processes should be in place to reduce these emissions and therefore generate less
impact?

22. 56.1 Has the company prepared plans to prevent or mitigate negative environmental
impacts resulting from emergency situations?

Mark only one oval.

o Yes.
o) No.

23. 6.2 If so, which environmental emergency is the company prepared for? (Select one
or more)

Select all that apply.

Fire

Water uncontrolled discharge with cleaning product or organic matter residues.
Water drains with chemical contaminants.

Landfilling of waste and/or abandoned waste.

Leakage of dangerous substances.

Other

© O © © O O
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24. 56.3 Does the company periodically review planned response actions for emergency
situations?

Mark only one oval.

At least every six months.
Annually.

Over a year.

Never.

© O © O

25. S7.1 Does the organization have documented information to demonstrate that
monitor, measure and evaluate its environ-mental performance?

Mark only one oval.

o) Yes.
o) No.

26. S7.2 How does the organization record information to demonstrate that it evaluates
the effectiveness of its environmental management system?

Select all that apply.

Data records.

Reports.

Technical Instructions.
Procedures.

None of these.

Other.

© O © © O O

27. S7.3 How often does the company create and update documented information
consistent with its environmental manage-ment system?

Mark only one oval.

At least every six months.
Annually.

Over a year.

Never.

o O © O

28. 59.2 Does the company have legal requirements from government bodies or other
relevant authorities in relation to envi-ronmental impacts?

Mark only one oval.

o Yes.
o) No.

29. S8.1Is training offered to staff on environmental management systems?

Mark only one oval.
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(¢]
(6]

30.

Yes.
No.

58.2 If so, how often do staff take these environmental trainings?

Mark only one oval.

o  Atleast every six months.

o  Annually.

o  Over ayear.

o  Never.

31. S8.3 How many workers have already undergone environmental management
training?

Mark only one oval.

o O © O

32.

Less than 25%
Between 25 - 50%
Between 50 - 75%
More than 75%

59.3 What method does the organization use to carry out risk analysis?

Mark only one oval.

33.

Quantitative method
Qualitative method
None

59.4 What method does the organization use to perform the opportunity analysis?

Mark only one oval.

34.

Quantitative method
Qualitative method
None

510.1 Has the company certified its EMS with ISO 14001:2015?

Mark only one oval.

o
o

Yes.
No.
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Appendix B
0s21?
Greenhouse Substances
Electricity Water gas Other gas Waste Use of raw releasing into Others
consumption  consumption Land use emissions emissions production materials the soil Agricultural
reduction reduction reduction reduction reduction reduction reduction reduction land recovery Total
054.3"  Reduce use of water Count 20 20 4 12 7 18 6 15 0 22
% inside 0543 90,9% 90,9% 18.2% 545% 31,8% 81,8% 27,3% 8.2% 00%
% insids 0S2.1 76,9% 833% §6,7% 632% 77,8% §9,.2% 75,0% 65.2% 00%
% total 58,8% 56,8% 11,8% 35.3% 206% 529% 17,6% 41% 00%  647%
Reduce use of fosil Count 16 16 5 1 8 17 6 14 1 20
EUIDIR 2E % inside 0543 80,0% 80,0% 250% 550% 40,0% 85,0% 30,0% 70,0% 50%
% inside 0521 61,5% 66,7% 833% 579% 88,.9% §54% 75,0% 60,9% 100,0%
% total a71% a71% 147% 324% 235% 50,0% 17,6% 412% 29%  588%
Control of electricity use Count 2 19 3 14 8 19 6 14 0 23
%inside 0S43 957% 826% 130% £0,9% 34,8% 82,6% 261% 60.9% 00%
% inside 0521 846% 792% 50,0% 737% 88.9% 731% 75,0% 609% 0,0%
% total 64,7% 559% 88% H2% 23,5% 559% 17,6% 412% 00%  67.6%
Reduce of ferlizers and Count 2 2 5 18 8 24 7 20 0 29
et %inside 0543 75,9% 724% 172% 621% 27,6% 828% 1% 69,0% 00%
% insidz 0S2.1 846% 87,5% 833% 947% 88.9% 923% 87,5% 87,0% 00%
% total 64,7% #1,8% 147% 529% 235% 706% 20,6% 588% 00%  853%
Reduce of gas Count 9 9 3 1 7 1 7 8 1 12
Sissions %inside 0843 750% 75,0% 250% 91,7% 583% 91.7% 58.3% 66,7% 83%
% inside 0S2.1 3,6% 375% 50,0% 579% 77,8% 023% 875% 348% 100,0%
% total 26,5% 26,5% 88% 22,4% 206% 24% 20,6% 235% 20%  353%
Increase land use Count 1" 12 6 9 5 15 4 12 1 16
<30 % inside 0543 68,8% 75,0% 375% 56,3% 31,3% 938% 25,0% 75,0% 63%
% inside 0521 23% 50,0% 100,0% 74% 556% 57,7% 50,0% 522% 100,0%
% total 32,4% 35,3% 176% 265% 14,7% 41% 11,8% 353% 20%  471%
Improvementin Count 13 14 5 10 6 18 6 13 1 20
packaging (glass botles) o ci4e 0543 65,0% 70,0% 26,0% 50,0% 30,0% 90,0% 30,0% §5,0% 50%
% inside Q521 50,0% 583% 833% 526% 66,7% §9,2% 75,0% 56,5% 100,0%
% total 382% 412% 147% 29,4% 17,6% 529% 17,6% 382% 29%  588%
Improvement in wines Count 6 4 1 6 3 7 2 5 0 9
dsiiton % inside 0843 66,7% 4% 11% 66,7% 333% 77.8% 22% 55,6% 00%
% inside 0521 231% 16,7% 16,7% 31,6% 33,3% 269% 25,0% 21,7% 0,0%
% total 176% 11,8% 29% 17,6% 8% 20,6% 59% 147% 00%  265%
Total Count 2% 2% 6 19 9 2% 8 2 1 u
% total 76,5% 70,6% 17,6% 559% 26,5% 765% 23,5% 67,6% 20%  1000%
Figure Bl. Cross-table between question S2.1 and question S4.2 showing coherence
between environmental poli-cy and annual environmental objectives by wineries.
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This study successfully addresses the specific objective (SO-4) outlined in the thesis,
which was to design and evaluate a tool for measuring progress towards sustainability in
the wine industry. The outcomes of this study significantly augment the understanding of
how to measure the industry's progress towards sustainability.

This is achieved through the comprehensive analysis and evaluation of FS and EM
practices in the wine sector. Furthermore, the findings substantiate the central hypothesis
of this thesis: the degree to which FSMS and EMS grounded in HACCP and ISO 14001:2015
standards, are implemented in wineries can serve as a quantitative measure for assessing
the sustainability paradigm.

The outcomes establish the SM based on FS and EM. The construction of this matrix, which
assesses the extent of progress toward sustainability in wineries, involves the results of
all indicators derived from the results of the FS performance indicators obtained from the
analysis of case study two and the results of the EM performance indicators from case
study three. Utilizing a color-coded reading method, the matrix is devised wherein each
indicator value is depicted by a green line. The gradations denoting progress toward
sustainability are delineated as follows: 'Star’ for indicator values ranging from 0 to 0.33,
'In progress' for values between 0.34 and 0.67, and 'Maturity' for values spanning 0.68 to
1.

The Table 8 corresponds to the SM, based on the performance of the FSMS which was
obtained through the arithmetic mean of the wineries sample analysed in case study two,
and the EMS performance derived from the arithmetic mean of the wineries sample

analysed in case study three.
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Results

Table 8. Sustainability Matrix based on the performance of the FSMS and EMS

Sustainability Matrix (SM)

Performance Grade of Progress
Components Value
Indicator Start | In progress Maturity
Food Safety Management
FS training W ot 0.86
Legal requirements Wi 0.43
Analysis Weep—Mchem 0.32
Environmental Management
Communication g 0.34
Commitment W ... 064 | T
Planning W e 0.55
Other Env. Requirements [We;, 0.51
Environmental Training W, 0.66

The SM functions as an instrumental tool that explores RQs regarding the critical factors

and essential performance

indicators that accurately gauge the sustainability

achievements of wineries. This exploration is focused through the lenses of FS and EM

practices. Additionally, the SM examines the roles that FS and EM play in developing a
comprehensive tool that could serve as a comprehensive measure of a winery
sustainability journey, encapsulating the full spectrum of sustainable practices within the

industry.
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Abstract: The Farm to Fork (F2F) Strategy, a key initiative of the European Commission under the
European Green Deal, strives to make the European Union’s (EU) economy sustainable. Focused
on the food system, the F2F Strategy prioritizes sustainability in agriculture, eco-friendly practices,
biodiversity preservation, and climate change mitigation. It targets high food safety (FS) and en-
vironmental management (EM) standards across the Agri-food Supply Chain (ASC). Addressing
sustainability challenges in the wine industry, this study delves into the Wine Value Chain (WVC).
Emphasizing the intricate sustainability interplay within the WVC, this study concentrates on FS and
EM to ensure the long-term viability of wine production. The primary goal is to create a compre-
hensive sustainability evaluation method for wineries, incorporating performance indicators from
FS and EM components. The methodology involves assessing Food Safety Management Systems
(FSMSs), evaluating Environmental Management Systems (EMSs), investigating contamination risks,
and synthesizing results into a sustainability matrix. Findings highlight commendable FS practices,
such as widespread Hazard Analysis and Critical Control Point (HACCP) adoption and underscore
the need for increased EM focus. Notable figures include a 76.2% adoption of the HACCP system and
68.8% of wineries implementing an EMS. Performance indicators become critical for sustainability
assessment, forming the cornerstone to gauge the industry’s effective sustainability management
aligned with the F2F Strategy. This study stresses the holistic integration of FS and EM practices, pro-
viding insights into workforce engagement, regulatory compliance, and sustainable objectives. This
research offers a tool for evaluating and advancing sustainability in the wine industry culminating in
a sustainability matrix.

Keywords: sustainable wine production; food safety management; environment management;
wine; beverages

1. Introduction

The F2F Strategy is an initiative introduced by the European Commission [1,2]. It is
part of the European Green Deal, which is a set of policy initiatives by the EU aimed at
making the EU’s economy sustainable [3]. The F2F Strategy specifically focuses on the
food system, aiming to make it more sustainable, resilient, and environmentally friendly.
The F2F Strategy prioritizes sustainability in agriculture, emphasizing environmentally
conscious practices, biodiversity preservation, and climate change mitigation. It also aims
to ensure high FS standards across the food supply chain, reduce the use of chemical
pesticides and fertilizers, promote the transition to organic farming, and encourage a
circular economy in the food sector, thereby minimizing waste and optimizing resource
utilization [4,5]. Challenges faced by the food industry in terms of sustainability are
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vast, covering environmental, social, and economic dimensions that impact every stage
of food production, distribution, and consumption [6,7]. Addressing these complexities
requires the implementation of sustainable practices that align with economic feasibility,
social justice, and environmental preservation [8-10]. Despite some initial efforts, the food
industry is still in the initial stages of adopting sustainability practices. Numerous studies
have highlighted the challenges and opportunities faced by agri-food firms in relation to
sustainability [11-13]. However, given the increasing complexity of this sector, there is an
urgent need to develop more structured methodologies that systematically incorporate
sustainability considerations [14].

Sustainability, broadly defined, focuses on enhancing people’s quality of life by con-
sidering social, economic, and environmental perspectives and ensuring this improvement
for future generations [15,16]. The concept of sustainability arises from the four dimensions
within the ASC performance [17]. The ASC covers all activities related to agricultural
food handling, from producers and farmers to end consumers [18]. Aramyan et al. (2007)
identify four primary performance dimensions: efficiency, flexibility, responsiveness, and
food quality [17]. Moreover, an additional category is introduced to address critical aspects
reflecting the social and environmental dimensions of sustainability [19]. Refining the
sustainability dimension, Gold (2017) outlines indicators such as local living conditions,
labor rights, land rights, end-of-life valorization through biomass recycling, environmental
issues, and FS [12]. Consequently, agri-food industries allocate a substantial portion of their
resources toward advertising and marketing initiatives focused on sustainability [20,21].
The ASC consumes natural resources and often causes environmental deterioration of
the natural ecosystems where it develops. From this point of view, FS and EM play an
important role in the sustainability of the environment where agro-industrial activity takes
place [22]. According to Kumar (2022), FS and EM topics such as waste management
or environmental impact assessments are two of nine key thematic research themes in
sustainable food supply chains [23]. Figure 1 displays an interpretative diagram that, from
a scientific perspective, grounds the reason why the evaluations of FS along with EM stand
as quantitative pillars in achieving sustainability within the ASC.

Agrifood Supply Chain Performance

« Efficiency, Flexibility, Responsiveness, Food quality
and Sustainability.

Sustainability

 Sustainability Indicators
e Local living conditions, labor rights, End-of-life
valorization through biomass recycling, Food safety,
Environmental issues.

Food Safety & Environmental Issues

» Food safety Management Systems: PPR, HACCP

» Environmental Management Systems: I1ISO
14001:2015

Figure 1. Diagram showing FS and EM as quantitative pillars contributing to sustainability in
the ASC.

The WVC constitutes an integral component of ASC insofar as it encompasses the
production, processing, distribution, and sale of agricultural products, in this instance,
wine. WVC encompasses the full range of activities and processes required to bring
wine from vineyard to consumer, including grape cultivation, wine production, bottling,
distribution, marketing, and sales. It involves a complex network of stakeholders including
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grape growers, winemakers, bottlers, distributors, retailers, and consumers [24]. WVC is
characterized by its emphasis on quality, tradition, and sustainability, reflecting the unique
terroir of wine-producing regions, as well as the cultural and historical significance of
wine [25].

Prior research underscores this multifaceted nature of sustainability in the wine sec-
tor, advocating for a comprehensive approach that balances environmental integrity with
economic viability, social equity, and cultural heritage. Szolnoki (2013) underscores the
diversity in sustainability practices across WVC in various wine-producing nations, high-
lighting the need for a holistic approach that integrates local and global sustainability
standards [26]. Forbes et al. (2009) explore consumer attitudes towards environmentally
sustainable wine in New Zealand, revealing a growing consumer demand for sustain-
ability in the wine industry, which influences market dynamics and winery practices,
and Pickering G. (2023) found that most consumers are in a change stage with respect
to sustainable wine behaviors [27]. This consumer-driven shift towards sustainability is
further corroborated by Gabzdylova et al. (2009), who examine the drivers, stakeholders,
and sustainability practices within the New Zealand WVC, suggesting that stakeholder
engagement and transparent sustainability reporting are key to advancing sustainable
practices [28]. Marshall et al. (2005) investigate the institutional and individual drivers
of environmentalism in the US wine industry, emphasizing the role of proactive environ-
mental strategies in gaining competitive advantage and meeting regulatory and societal
expectations [29]. De Steur et al. (2020) identified the role of drivers in the adoption of
sustainability in Italian wineries, with internal drivers such as the protection of regional
products and environmental benefits (e.g., biodiversity or landscape protection) being
deemed highly important, as well as some external drivers related to environmental and
product safety [30]. Santini et al. (2013) address the critical questions and research trends
in wine industry sustainability, calling for a comprehensive understanding and integration
of sustainable practices that encompass the entire WVC [25].

In this context, sustainability in WVC has grown in recent years, reflecting an increas-
ing interest in environmentally friendly agricultural and viticultural practices. Sustainabil-
ity, in this context, pertains to the ability to maintain wine production in the long term
without compromising natural resources or harming the environmental context. Meis-
senheimer et al. (2001) identified specific categories within the WVC, covering a range
of activities. These activities involve managing soil and plant materials, implementing
vineyard practices, conducting cellar practices and wine production, handling packag-
ing and distribution, and engaging in market development and marketing [31]. WVCs
encounter challenges across three primary areas: global and environmental challenges,
methodological and financial challenges, and challenges associated with the economy
and the market [32]. According to Luzzani (2021), sustainability in the wine industry
incorporates various aspects, including field operations, grape transformation, and the
cultural and traditional heritage of wine [33]. Sustainable vitiviniculture involves a global
strategy that considers economic sustainability, precision in sustainable viticulture, risks
to the environment, product safety, and consumer health, along with the valuation of
heritage, historical, cultural, ecological, and landscape aspects as emphasized by the Or-
ganisation Internationale de la Vigne et du Vin (OIV) (2008) [34]. This underscores the
need for a comprehensive approach that includes both FS and EM in all stages of the
production process.

FS refers to the assurance and set of conditions and measures needed during the pro-
duction, storage, distribution, and preparation of food to ensure that, when consumed, they
do not pose a risk to the health of consumers [35]. FS plays a critical role in the sustainability
of wine production. FSMSs are essential for ensuring the production of safe and healthy
food, incorporating prerequisite programs (PRPs) and HACCP methodologies as per the
regulatory standards in the EU [36,37]. PRPs establish the necessary environmental and
operational conditions, covering aspects such as the supply of sanitary water, cleanliness of
equipment and facilities, pest control, good manufacturing practices, staff knowledge of FS,
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allergens, and food traceability [38]. HACCP is a globally recognized approach focused
on identifying and controlling FS hazards through seven principles, which include hazard
identification, determining Critical Control Points (CCPs), and setting critical limits for
these CCPs [39]. CCPs are specific points in the food production process where controls
are essential to prevent, eliminate, or reduce FS hazards to acceptable levels. The identifi-
cation and management of CCPs involve a systematic analysis, employing decision tree
frameworks aligned with Codex Alimentarius and ISO 22000:2018 criteria, to decide on the
appropriate controls and preventive measures [40,41]. Effective management of CCPs in
wine production, through regular monitoring, verification, and documentation, is critical
to maintaining FS and preventing contamination [42].

EM is essential for ensuring the long-term sustainability of wine production. En-
vironmental considerations, such as waste reduction and recycling, efficient use of raw
materials, and resource conservation, enable wineries to build trust with stakeholders and
gain competitive advantages [43]. According to Gilinski et al., the focus for practitioners in
the wine industry is to leave the land in better conditions than the current ones for future
generations, addressing EM and incorporating strategies that minimize the negative impact
of viticulture on the natural environment [44]. An EMS encompasses a set of practices,
guidelines, and records established by an organization to reduce the environmental foot-
print of its operations [45]. EMSs are adopted by numerous organizations globally [46,47]
and often align with ISO 14001:2015 standards [48], serving as a framework for active
environmental stewardship [49,50]. The ISO 14001:2015 standard outlines essential criteria
that all EMSs should adhere to, emphasizing ongoing, methodical enhancement. Organi-
zations utilize this standard to boost their environmental outcomes, aligning with their
environmental commitments, goals, and duties, thereby contributing to the environmental
dimension of sustainability [51]. Typically, the adoption of an EMS is driven by the ethical
and competitive aspirations of the organization’s leadership [52].

By incorporating both FS systems and EM in wine production, producers contribute
to the sustainability of the wine industry. Baiano, A. (2021) suggests that implementing
sustainable practices helps reduce the environmental footprint of wine production and
promotes the conservation of natural resources [53]. Furthermore, these practices can en-
hance consumer credibility and perception. From the consumer perspective, sustainability
is primarily associated with credibility attributes inherent to the food they consume [54].

Within this framework, the primary objective of this research is to develop a method
for evaluating the advancement in the concept of sustainability in wineries. This is based
on their performance in FSMSs and EMSs, measured through the creation of performance
indicators derived from components of FS and EM.

2. Materials and Methods

This research initiated an extensive data collection effort, focusing on three samples
of wineries situated in diverse geographic locations, covering a range of operational scales.
Each group comprised over thirty wineries, enabling the application of the Central Limit
Theorem (CLT) [55,56]. The CLT is a cornerstone principle in statistics that supports the use
of samples of thirty or more to make inferences about a broader population. This includes
the context of categorical variables, particularly when evaluating proportions or percentages.
The data, meticulously collected via surveys, provide a comprehensive overview of current
practices in FS and EM within the wine industry. This contextual foundation is pivotal for
interpreting the results, offering a perspective through which the sustainability initiatives of
wineries can be evaluated against global sustainability standards.

The methodological approach was structured in four well-defined steps. The first
three steps were dedicated to analyzing different case studies. The first step laid the ground-
work for defining the objectives of the second case, which focused on FS, while the results of
the second supported the methodology to develop the indicators in the third study, which
focused on EM. In each of these stages, the efficacy with which the wineries implemented
the FSMS or the EMS was meticulously evaluated. The four steps involved synthesizing the
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three investigations to develop an FS and EM sustainability matrix based on performance
indicators calculated from the results of case studies two and three. Through detailed
statistical analysis and the examination of these cases, the research offers a deep dive into
the sustainability practices within the wine sector based on FS and EM. Figure 2 shows the
evolution of this methodological approach, inclusive of the interconnections among the
steps and their congruence with the theoretical framework. The outcomes of the first case
study facilitated the identification of CCPs that were inadequately managed by the wineries
and the principal components that support the wineries’ performance in FS management.
Leveraging these findings, the second case study delineated performance indicators for the
components identified in the first phase. The third case study delved into the EM practices
by examining the EMS components based on the ISO 14001:2015 standard and employed
the proposed methodology to compute the indicators from the second phase to formulate
performance indicators in EM. The fourth step focused on combining the findings from the
three previous investigations to create a sustainability matrix based on FS and EM.

B

P -
f(,ﬁ‘ \ q
& > |
a N & N [our Step
Case Study One Case Study Three
Evaluate FSMS performance Evaluate EMS performance
in wineries. Case Study Two in wineries. « Results: Matrix of
Evaluate CCP performance sustainability  progress
«Results: oPRPs & CCPs in wineries. « Results: methodology and based in FS and EM
management performance indicators. performance

performance. « Results: methodology and

performance indicators. |
e First Step e Third Step [

Figure 2. Flow diagram of the methodological process.

2.1. First Step

In the initial phase, a first case study was conducted to evaluate the effectiveness of
the FSMS based on PRPs and the HACCP in twenty-one wineries with the Protected Desig-
nation of Origin “Vinos de Madrid”. The performance of these wineries was thoroughly
assessed at various stages of the wine production process, focusing on Critical Control
Points (CCPs) or operational prerequisite programs (0PRPs), including the implementation
of PRPs and adherence to HACCP principles [39]. This research utilized a structured
survey with fifty-five questions grouped into eleven sections. The questions employed
both yes/no and multiple-choice options, with quantitative variables assigned using Likert
scales. Figure 3 illustrates the questionnaire structure, detailing questions and assigned
variables for the statistical process. The questionnaire is included in Appendix A.

~

*SEVEN Qs related to the annual red wine production and the PPRs implementation. First Q
SECTION | identified the winery size and other six Qs were focused on PPRs application.

ONE )
N

*THIRTY-SEVEN Qs to evaluate HACCP Principle One: Perform a hazard analysis; and HACCP

S_’r%o "?g Principle 2 Determine CCPs . Variables: V,; to Vg,

TEN

J

*ELEVEN Qs about the practical implementation of principles three to seven on which the)
HACCP is based. Setting Critical Limits (one Q), Establishing a Surveillance System (three Qs),
SECTION | Corrective measures (one Q), verification procedures (four Qs), and system of registration and
ELEVEN documentation (two Qs) Y,

Figure 3. Questionnaire structure, including questions and variables for case study one.
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2.2. Second Step

According to the findings of Lopez Santiago et al. (2022), the second case study
focused on a CCP identified as inadequately controlled, specifically addressing the risk of
contamination from arsenic, cadmium, and lead during the wine production process [57].
A sixteen-question survey assessed wineries’ performance in various aspects, including
training workers, monitoring CCPs, understanding relevant legislation on contamination
risks, and evaluating wineries’ practices regarding the chemical analysis of vineyard soils.

The questionnaire, distributed to thirty-two wineries across different Protected Desig-
nations of Origin in Spain, incorporated both yes/no and multiple-choice questions, with
quantitative variables assigned using Likert scales. Figure 4 outlines the questionnaire
structure. The questionnaire is included in Appendix A.

*SIX inquiries associated with the yearly wine production of each winery, the adoption of PPRs and HACCP, the total\
winery staff count, and the proficiency of food safety personnel acquired through their training.
SECTION *Questions: G.1, G.2, G.3, G4, G.5and G.6
ONE *Variables: Vs and yg4

*TWO inquiries concerning the winery's awareness and implementation of national legislation pertaining to food
contamination by arsenic, cadmium, and lead

SECTION *Questions: ID.1 and ID.2
TWO o Variables: Vyp; and Vp,

\\
*THREE questions concerning the levels of arsenic, cadmium, and lead concentrations, as well as pH and soil electrical
conductivity in the soil of vineyards from which the grapes originate.
SECTION *Questions: CS1,CS2 and CS3

THREE o Variables: V), Vesp and Vs

+FOUR questions pertaining to the techniques and available resources employed by wineries for the chemical analysis of\
grapes and wines. Additionally, details regarding the indispensable spectrometry equipment essential for monitoring
concentrations in the analysis of arsenic, cadmium, and lead.

SECTION | ¢Questions: CB1,CB2, CB3 and CB4
FOUR | «Variables: Viegy, Vg Vg and Vg

Figure 4. Questionnaire structure, including questions and variables for case study two.

2.3. Third Step

A third case study extended its scope to Italian wineries, focusing on their EMS. Con-
ducted between June and November 2022, the survey involved a sample of 120 wineries
from various regions in Italy, with the subsequent data analysis using statistical tools such
as SPSS and Excel. The comprehensive questionnaire, featuring thirty-two questions in
closed and open-ended formats, Likert scales, and multiple-choice options, explored aspects
like winery characteristics, environmental objectives, top management involvement, com-
munication strategies, and emergency plans. The questionnaire was distributed to a non-
probabilistic sample of Italian wineries, resulting in responses from thirty-four wineries.
Figure 5 provides an overview of the questionnaire structure, including questions and
variables. The questionnaire is included in Appendix A.
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TWELVE
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Figure 5. Questionnaire structure, including questions and variables for case study three.

~
*THREE Qs related to annual wine production of each winery, number of winery staff and the
role of the individual within the winery who responded to the survey. Qs: QS1.1, QS1.2, and
QS1.3.

*THREE Qs regarding effectiveness of wineries in communicating their goals, objectives, results,\
and environmental commitments to all stakeholders. Qs: QS2.3, QS2.4, and QS2.5.
e Variables: Vg3, Vpy and Vs

~
*TWO Qs to evaluate the primary environmental objectives of wineries. Qs: QS2.1 and QS2.2
*Variables: Vg, and Vs,

*FOUR Qs about the role of top management and its commitment to environmental)
performance, allocation of staff responsible for managing EMS. Qs: QS3.1, QS3.2, QS3.3, and
QS3.4.

eVariables: Vg3, Viip, Vazzand Vs,

* FOUR Qs to investigate the environmental policy, communication strategies, content within
the environmental policy, and its integration with the product life cycle. Qs: QS4.1, QS4.2,
QS4.3, and QS4.4

eVariables: Vg;, Vg, Vgizand Vg,

*THREE Qs to assess the key environmental aspects in the winemaking process. Qs: QS5.1,
QS5.2 and QS5.3

*THREE Qs queried about the Environmental Emergency Plan (EEP) implementation in the\
winery. Qs: QS6.1, QS6.2 and QS6.3

eVariables: Vg, Vg and Vg

*THREE Qs were utilized to assess document control and organization. Qs: QS7.1, QS7.2, and
QS7.3
*Variables: Vg;;, Vg7, and Vg3

*THREE Qs to evaluate workers’ training about environmental management performance. Qs:
QS8.1, QS8.2 and QS8.3.
eVariables: Vg, Vg and Vegs

*ONE Qs to compliance with legal environmental requirements Qs: QS9.2.
eVariable: Vg,

*TWO Qs to evaluate the risk and opportunity assessment. Qs: QS9.3 and QS9.4.
e Variables: Vgg; and Vg4

* ONE Qs to ask about EMS certification in accordance with ISO 14001:2015 standards. Qs\
QS10.1

*Variables: Vg0,

2.4. Four Step

The fourth phase involved the three case studies that were utilized to create an FS and
EM sustainability matrix using the performance indicators derived from the findings of the
second and third case studies analyzed.

The three research case studies employed rigorous statistical methods, including
frequencies, central position values, cross-tables, and specific nonparametric tests such as
the Spearman correlation coefficient, Kendall’s Tau coefficient, and the Mann-Whitney U
Test, all conducted at a predetermined significance level.
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3. Results
3.1. FS Management Performance

The first case study provides a detailed look at FS in wineries, highlighting the complex
nature of FSM practices, with a particular focus on the implementation of PRPs and the
HACCP system. This scrutiny unravels the pivotal role of annual wine production levels,
with wineries classified into distinct groups based on their production volumes, allowing
for a nuanced exploration of correlations with workforce training, economic considerations,
and the overall efficacy of HACCP control performance.

Within the confines of PRP implementation, the study discloses a commendable 91.5%
success rate, delineating the percentage of wineries that have seamlessly integrated specific
programs within the standard PRPs. An intricate analysis of FS worker training unfolds,
indicating that 81% of wineries possess a workforce where at least 50% are trained in
Good Manufacturing Practices in winemaking, with a discernible concentration in wineries
surpassing an annual wine production of 100,000 L/year. Notably, the economic dimension
is explored, revealing that 62% of wineries formulate their PRP plans without a specific
annual budget, accentuating a substantive correlation between winery size and the presence
of a dedicated budget for PRP development.

An exploration of HACCP implementation in wineries ensues, encompassing the
overall implementation rate, performance in principles one and two, and a meticulous
examination of specific control points. The study discloses a commendable 76.2% embrace
of HACCP, showcasing variations contingent on annual production levels. The identified
CCPs and oPRPs are thoughtfully categorized based on median values and variability,
offering insights into the extent of control over each CCP. This in-depth analysis underscores
the essential role of well-controlled CCPs in ensuring the safety of the final wine product.

Table 1 illustrates the control performance of CCPs and oPRPs in the red wine process
through the application of a color-coded reading method, where cells were color-coded
ranging from dark orange (lowest control) to dark blue (highest control).

Table 1. Control performance of CCPs and oPRPs in the red wine process by wineries.

Winemaking Steps

g
g 3 8
> bl
CCPs & oPRPs 5 5 0¢
B — (]
1 o Z
SN
e

1. Harvest and grape
transportation

oPRP 2.1 Vineyard inspection prior to the harvest to know the general condition of
the grapes.

oPRP 2.2 Vineyard inspection during the harvest to know the state of grapes.

oPRP 2.3 Control of the time it takes to transport the harvest to the winery.

2. Harvest reception
in the winery

oPRP 3.1 Control of residues of fungicides and/or pesticides existing in grapes
intended for winemaking.

oPRP 3.2 Mycotoxin control from grape rot.

oPRP 3.3 Control of the presence of contamination by plant debris, dust, and/or
metallic elements.

CCP 3.1 Control of the presence of contamination by metals (Cd, Pb, As) in the
grapes.

3. Pre-hatching
treatments

oPRP 4.1 Control of the cleanliness of the tanks to eliminate residues of
microorganisms.

oPRP 4.2 Control of the absence of cleaning and disinfection products in the tanks.

I .
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4. Grapes crushing
and must pumping

oPRP 5.1 Control of the cleanliness of crushing equipment.

oPRP 5.2 Control of the absence of cleaning and disinfection products in tanks and
press and pumping equipment.

CCP 5.1 Control of the must maintenance time in the crusher.

5. Sulphited and
vatted

oPRP 6.2 Control of the absence of microorganisms in the equipment and tanks.

CCP 6.1 Control of the safety and purity of additives

6. Alcoholic
fermentation,
maceration, vat
emptying, pressing,
malolactic
fermentation

oPRP 7.1 Control of the concentration of ethylocarbamate in fermented must.

oPRP 7.2 Control of hygiene during racking and pressing operations.

oPRP 7.3 Control of the cleanliness of pressing equipment.

CCP 7.1 Control of sulphur dioxide in fermented must.

CCP 7.2 Control of the purity and safety of yeasts.

CCP 7.3 Temperature control during fermentation.

CCP 7.4 Control of the pH of red wine during malolactic fermentation.

7.Racking, clarification,

and filtration

oPRP 8.1 Control of the cleaning procedures of tanks and transfer equipment.

oPRP 8.2 Control of maintenance and cleaning procedures of the facilities.

oPRP 8.3 Control of hygiene operations during clarification and filtering
operations.

oPRP 8.4 Control of the absence of cleaning and disinfection products in tanks and
equipment.

oPRP 8.5 Control of the absence of foreign elements from the filters in red wine.

CCP 8.1 Control of the purity and safety of agents used as clarifiers in red wine.

CCP 8.2 Control of the absence of residues of agents used as clarifiers in red wine.

8. Cold stabilization

CCP 9.1 Control of limit concentrations of metals (traces of As, Cu, Pb) in red
wine.

CCP 9.2 Control that the additives used are those allowed by current food
legislation.

9. Bottling
and labelling

oPRP 10.1 Control of bottle cleaning procedures.

oPRP 10.2 Control of maintenance and cleaning procedures of the red wine
bottling line.

oPRP 10.3 Control of the correct coding of the labels used on the bottles.

B N D Nl e

oPRP 10.4 Control of correct allergen information on labels used on bottles.

CCP 10.1 Microbiological control of the bottling line of red wine and bottles.

CCP 10.2 Microbiological control of the cork stopper or similar used for closing
the bottles.

oPRP 2.1 Vineyards inspection prior to the harvest to know the general condition
of the grapes.

(0) Dark orange: Group I, (1) Light orange: Group II, (2) Light blue: Group III, (3) Dark blue: Group V/Group IV.

This contingency table was constructed utilizing the medians of categorical variables
associated with each analyzed CCP. The categorization into five groups was based on the
median values of each variable and the presence of significant variability, as measured by
the interquartile range. Group I and Group II denote the CCPs and oPRPs with the least
effective control in wineries, thereby presenting a heightened risk to the safety of the final
product. Conversely, Group III and Group IV signify the CCPs and oPRPs that exhibit
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effective control in at least fifty percent of wineries. Group V comprises variables with a
median value of three, indicating that the associated CCPs and oPRPs were consistently
controlled under the category of “Always”.

Moreover, the performance analysis of CCPs highlights varying degrees of control
over specific winemaking steps. Correlations between different CCPs are meticulously
explored, revealing associations between safety and purity control of additives, residue
control from wine clarifiers, and other key variables.

The comprehensive nature of the study delivers a detailed and nuanced analysis of
HACCP implementation and control performance, shedding light on specific critical points
that necessitate heightened attention to guarantee the safety and quality of the final wine
product.

3.2. CCP Control Performance

Wineries’ distribution by production capacity in the second case study is displayed in
Figure 6.

Wineries Distribution According to Their Annual Wine Production

more than 500,000 L/year

Up to 25,000 L/year

16.0%

19.0%

250,001-500,00 L/year

22.0%

25,001-100,000 L/year 100,001-250,000 L/year

Figure 6. Wineries’ distribution by wine annual production capacity.

Study results show how wineries navigate the realms of worker training, legal compli-
ance, and the monitoring of harmful substances like arsenic, cadmium, and lead in grapes
and wines. An essential revelation from this exploration is the earnest commitment of
most surveyed wineries to FS, with an impressive 96.9% adhering to regulations and 93.8%
following industry standards.

The results of Table 2 show that as the winery gets bigger according to its yearly wine
production, it has more workers trained in GMPs and CCPs. However, the percentage of
trained workers is also high in smaller wineries. This is due to the number of workers
ranging between two and three in this winery group, and, therefore, having trained a
worker already reaches values of fifty percent.

The correlation between winery size and the number of workers trained in both GMPs
and CCPs underscores the industry’s recognition of the resource-intensive nature of such
training efforts. Notably, there is a positive connection between GMPs and CCP training
surfaces, revealing a systematic approach to ensuring FS. Smaller wineries, while exhibiting
a high percentage of trained workers, may face limitations in absolute numbers due to their
smaller workforce.
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Table 2. GMP workers training and CCPs workers training by type of winery.
Gl\%P W9rkers CCPs Workers Training Number of Work
Wine Annual Percentage of ratmng (%) UMmMDbET O YYOIkers
Production Wineries Over (%)
L/Year Total More More . Arithmetic
All Than 50% None All Than 50% None Median Mean
up to 25,000 18.8 66.7 33.3 0.0 66.7 33.3 0.0 2.5 2.3
25,001-100,000 344 60.0 20.0 20.0 40.0 50.0 10,0 4.0 3.3
100,001-250,000 21.9 28.6 57.1 14.3 28.6 57.1 14.3 5.0 5.1
250,001-500,000 94 100.0 0.0 0.0 66.7 33.3 0.0 7.0 7.3
more than 500,000 15.6 100.0 0.0 0.0 100.0 0.0 0.0 10.0 21.7
Total wineries 100.0 65.6 21.9 125 531 375 9.4 4.0 6.1
Percentage

This investigation delves into legislative compliance and Heavy Metal Food Con-
tamination Risk (HMFCR) laws, revealing suboptimal awareness among smaller wineries
regarding critical regulations. The study underlines the industry-wide gap in utilizing
available resources, such as information from the National Agency (AESAN), for regula-
tory compliance. Information from the AESAN is utilized by merely one-third of small
to medium-sized wineries, those producing up to 250,000 L per year. In contrast, larger
wineries, with production exceeding 250,001 L annually, show a higher usage rate at 66.7%,
though this still falls short of being adequate. Additionally, there is a notable lack of
clear recognition of HMFCR regulations within wineries, particularly among those with
an annual production of less than 250,001 L of wine. Table 3 shows HMFCR legislation
identification and HMFCR legislation updating through the AESAN by winery production
capacity.

Table 3. HMFCR legislation identification and HMFCR legislation updating through the AESAN by
production capacity.

P y HMEFCR Legislation HMFCR Legislation
. . ercentage o Identification Updating th h
Wine Annual Production - P g throug
L/Year Wineries Over (%) AESAN (%)
Total

As Cd Pb None Yes No
up to 25,000 18.8 33.3 33.3 50.0 50.0 50.0 50.0
25,001-100,000 34.4 33.3 33.3 33.3 66.7 33.3 66.7
100,001-250,000 21.9 28.6 28.6 28.6 714 28.6 714
250,001-500,000 94 66.7 66.7 66.7 33.3 66.7 33.3
more than 500,000 15.6 66.7 66.7 66.7 33.3 66.7 33.3
Total wineries Percentage 100.0 31.2 31.2 37.5 62.5 37.5 62.5

A significant number of wineries maintain records on both the physical and chemical
properties of their vineyard soils, alongside data on the fertilizers applied to these soils.
There exists a positive tendency among wineries to keep concurrent records of soil compo-
sition and the fertilizers applied, indicating that those with comprehensive soil analyses
are likely to also possess detailed information on fertilization practices. Figure 7 reflects the
proportion of wineries with data about the chemical composition of their vineyard soils.
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Figure 7. Percentage of wineries with information about each chemical soil item.

A third of wineries have data on soil levels of arsenic, cadmium, and lead, but fewer
have information on these elements in soil solutions. Only 10% of wineries have arsenic
data, and 20% have cadmium and lead data for vineyard soils. Larger wineries are more
likely to have data on total cadmium and lead concentrations, but data on arsenic are rare
across all winery sizes. The most reported data is on cadmium in soil solutions, especially
among mid-sized wineries. The lack of comprehensive soil contamination data hampers
effective risk assessment for grape contamination. Despite this, 78.1% of wineries have their
own labs for grape and wine chemical analyses, while 20% rely on external services for such
analyses. However, a notable gap emerges concerning information on harmful substances
like arsenic, cadmium, and lead, particularly in smaller wineries. This informational
void poses a significant challenge in assessing and mitigating contamination risks during
winemaking, potentially impacting the final product’s quality and safety. While larger
wineries generally perform better, differences persist across winery sizes, emphasizing the
necessity for targeted interventions that recognize the unique challenges faced by wineries
of varying scales.

3.3. EM Performance

The third case study investigates key areas of EM that wineries claim to consider,
including communication, commitment, leadership, environmental planning, and training.
Initially, it explores the operational dimensions of the wineries, with a focus on both the
annual production capacity and the workforce size.

Figure 8 illustrates the wineries’ distribution by production capacity, segmented by the
number of workers, providing a layered perspective on the operational characteristics of the
wineries involved in our survey. This visualization highlights the variance in production
capacities, from less than 50,001 L per year to more than 500,000 L per year, and elucidates
the corresponding workforce sizes, revealing the diverse approaches to production and
manpower management across the sector.
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Distribution of Wineries by Production Size and Number of Workers
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Figure 8. Relationship between production capacity and workforce size.

These insights are instrumental in understanding the scalability and adaptability of
EM strategies within the wineries, underlining the critical role of operational scale in
sustainable practices. Results highlight a conspicuous lack of clearly defined EM areas in
Italian wineries, with only large wineries (80%) having implemented a structured focus
on EM.

While the overarching results of our study highlight a pervasive ambiguity in the
explicitly defined areas of EM across the surveyed wineries, a pronounced disparity be-
comes apparent when dissecting the data by winery size. Notably, in larger wineries,
those with annual production capacities exceeding 500,000 L and staffing levels above
50 employees, a significant 80% demonstrate a clear, structured emphasis on EM practices.
This is in stark contrast to their smaller counterparts, where such structured approaches
are markedly less prevalent. Table 4 displays the environmental commitments and the
environmental emergency scenarios that wineries have considered in their EMS categorized
by their annual wine production capacity.

This distinction is particularly evident in the adoption of comprehensive EMSs, where
larger wineries are more likely to have implemented sophisticated EMS frameworks,
aligning closely with international standards such as ISO 14001:2015. Our analysis reveals
that among the larger wineries, approximately 76% have either fully adopted or are in
the process of implementing ISO 14001-certified systems, compared to a mere 24% among
wineries with production capacities under 50,001 L per year.

Moreover, the commitment to EM in larger wineries extends beyond mere certification.
These establishments often exhibit a more holistic approach to sustainability, incorporating
advanced environmental planning, rigorous training programs, and robust leadership
commitment. Our results indicate that nearly 80% of the larger wineries engage in regular
environmental training sessions for their employees, which are aimed at fostering a cul-
ture of sustainability and ensuring compliance with environmental policies and practices.
Figure 9 shows the percentage of wineries that have established an environmental policy,
emergency plans, and ISO 14001:2015 by annual wine production categories.

Additionally, the strategic use of environmental communication stands out as a hall-
mark of larger wineries” EM efforts. A significant 90% of these wineries employ a diverse
array of communication channels, both internal and external, to promote environmental
awareness and report on sustainability initiatives. This includes the extensive use of digital
platforms such as company websites, social media, and specialized environmental reports,
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ensuring a broad reach and engagement with various stakeholders, from employees and
customers to regulatory bodies and the wider community. Figure 10 provides a clear
depiction of how wineries communicate their environmental performance internally and
externally, emphasizing the prevalence of digital and electronic communication methods in
their communication practices.

Table 4. Environmental commitments and environmental emergency scenarios per annual wine
production categories.

Annu:.il Environmental Commitments Environmental Emergency Scenarios
Production
Reduce water use, reduce fuel use, control Presence of waste and /or abandoned
<50,001 L/year electricity use, reduce the use of fertilizers

and pesticides waste, substance spill, fire

50,001 L/year-100,000 L/year

Reduce fuel use, reduce water use, control
electricity use, Reduce the use of fertilizers
and pesticides

Presence of waste and /or abandoned
waste, substance spill, fire

100,001 L/year-250,000 L/year

Reduce water use, reduce fuel use, control

electricity use, reduce the use of fertilizers and
pesticides, reduce gas emissions, increase land
use efficiency

Presence of waste and/or abandoned
waste, irregular water discharge, fire

250,001 L/year—500,000 L/year

Reduce water use, control land use, reduce the use
of fertilizers and pesticides, reduce gas emissions,
packaging improvements (lighter bottles)

Presence of waste and /or abandoned
waste, substance spill, irregular water
discharge, fire

>500,000 L/year

Reduce water use, packaging improvements
(lighter bottles), reduce paper use, control land use,

Presence of waste and /or abandoned

waste, irregular water discharge,

reduce gas emissions, increase land use efficiency, 1 g
substance spill, fire

improvements in wine distribution

Percentage of Wineries with
100%

Percentage of Wineries per Category

Environmental Policy, Emergency Plans and I1SO 14001:2015 Certification by Annual Production Category

100% 100% 100.0° 100%

Annual Production Capacity

Figure 9. Percentage of wineries with an environmental policy, emergency plans, and ISO 14001
certification.
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Distribution of Wineries by Production Size vs Internal/External Communication Tools
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Figure 10. Internal/external environmental communication tools used by annual production
categories.

Environmental communication practices, both internal and external, come under
meticulous examination, revealing email as the most widely used internal communication
medium (74.2%), followed by websites (45.2%) and social media (35.5%). External commu-
nication predominantly occurs through social media (84.4%) and websites (81.3%). Clients
and shops emerge as the primary stakeholders receiving environmental information from
wineries, emphasizing the pervasive use of Information and Communication Technologies
(ICTs) for communication.

A substantial portion of wineries (71.9%) demonstrates the establishment of environ-
mental policies and senior management leadership, with owners playing a pivotal role
(50%). Key environmental objectives, such as waste and electricity consumption reduction,
are identified, evaluating their alignment with long-term environmental policy commit-
ments. A 68.8% of wineries have an EMS; however, certain deficiencies are highlighted, as
evidenced by 38.7% of wineries lacking an Environmental Emergency Plan (EEP), and only
31.3% of wineries have their EMS certified according to the ISO 14001:2005 standard. The
research underscores the paramount importance of these requirements for establishing a
robust foundation for EM in winemaking.

The examination of environmental training for workers reveals that 71% of wineries
provide training in connection with their EMS. Finally, five performance indicators assess
the performance of wineries in communication, commitment, planning, other requirements,
and workers’ training. The results provide a comprehensive understanding of the state of
EM practices in Italian wineries, shedding light on areas of strength and aspects that may
require improvement.

Effectiveness in EM is achieved through the combination of five components: commu-
nication, commitment, planning, other requirements, and workers training.

3.4. FSMS Performance Indicators

Three performance indicators were derived in the context of case study two based
on the three FS components encompassing worker training, adherence to legal rules, and
surveillance of hazardous substances.

A quantitative analysis of FS worker training (FSWT) was performed based on an
indicator defined by Equation (1) [58-60]:

Wfswt = (Vo5 + Vge) /. 1
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where

e Wy is the aggregated FSWT variable for the winery;

e Vg5 is a variable that stands for the level of workers trained in GMPs and takes values
0.33,0.66, or 1;

e Vg is the variable that represents the level of workers trained in CCPs and takes
values 0.33, 0.66, or 1;

e 1 is the number of variables that have been aggregated, and its value is 2.

A quantitative analysis of legislation identification and updating (LIU) was performed
based on an indicator defined by Equation (2):

Wiy = (Vip1 + Vip2) /n ()

where

Wiy, is the aggregated LIU variable for the winery;
Vip1 is a variable that stands for winery performance on legislation identification
about arsenic, cadmium, and lead and takes values 0.33, 0.66, or 1;

e  Vipy is a variable that represents winery performance on updated legislation informa-
tion through AESAN and takes values 0 or 1;

e nisthe number of variables that have been aggregated, and its value is 2.

A quantitative analysis of critical control point chemical analysis performance (CCP-
MCHEM) was evaluated based on an indicator defined by Equation (3):

chp-Mchem = (VCSB + Veprx + VCBry) /n 3)

where

®  WeepMchem is the aggregated CCP-MCHEM variable for the winery;

e Vg3 is a variable that stands for chemical information about arsenic, cadmium, and
lead concentrations in the soil that a winery had; Vg3 = Z?Zl aj, a; is each item of
this multiple-choice question (yes = 0.125, no = 0);

e  Vipyy is a variable that represents the wineries’ capacity to hold a chemical analysis by
their own or external means. Vg, = Vg if Vg1 = 0, otherwise, Vep,y = Viegr;

e  Vcpyy is a variable that stands for the wineries’ capacity to hold arsenic, cadmium,
and lead chemical analysis by their own or external means. Vcp,y = Vepy if Veps =0,
otherwise, Vep,, = Veps;

e  nis the number of variables that have been aggregated, and its value is 3.

3.5. EMS Performance Indicators

Five performance indicators were derived in the context of case study three based
on the five EM components encompassing communication, commitment, planning, other
requirements, and workers training.

A quantitative analysis of environmental communication was performed based on an
indicator defined by Equation (4) [58,59]:

Weem = (Vsoz + Vispa + Vsos + Vsgr) /1 (4)

where

o W, is the aggregated communication variable for the winery;

e Vgp3is the internal communication strategy variable of the winery; Vg3 = 2]6:1 aj, a;
is each item of this multiple-choice question (yes = 0.167, no = 0);

e Vspy is the external communication strategy variable of the winery; Vgyy = YO . b

b
j=1
is each item of this multiple-choice question (yes = 0.167, no = 0);

Vi
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Vsos is the stakeholder’s variable to whom the winery communicates its environmental
information of the winery; Vgys = Z](»’:l ¢j, ¢j is each item of this multiple-choice
question (yes = 0.167, no = 0);

Vsgp is the environmental policy communication variable of the winery;
Vo = ng-:l dj, d; is each item of this multiple-choice question (yes = 0.125, no = 0);

n is the number of variables that have been aggregated, and its value is 4.

A quantitative measure of environmental commitment was performed based on an

indicator defined by Equation (5):

Weex = (Vsar + Va1 + Va2 + Vsaz) /1 (5)
where
e W, is the aggregated commitment variable for each winery;
e Vg4 is the winery environmental policy variable of the winery (yes = 1, no = 0);
o Vg is the environmental director variable of the winery (yes =1, no = 0);
e Vg3 measures the senior management environmental system evaluation frequency

(it could take one of next four values, 1 if (at least every six months), 0.75 (more than
once a year), 0.50 (annually), and 0 (never reviewed));

Vss3 is the environmental evaluation procedure variable of the winery (yes = 1,
no = 0);

n is the number of variables that have been aggregated, and its value is 4.

A quantitative measure of environmental planning was performed based on an indica-

tor defined by Equation (6):

Wepx = (Vso1 + Vsoa + Visaz + Vs + Viss1 + Voso + Vssz + Voo + Vios + Vsou) /1 (6)

where

Wepx is the aggregated EM planning variable for each winery;

Vs21 measures the wineries’ primary environmental objectives of the winery;
Vo1 = 2]9:1 bj, b; is each item of this multiple-choice question (yes = 0.112, no = 0);
Vsap is the EM specific areas variable of the winery; Vs, = 2]9:1 bj, bj is each item of
this multiple-choice question (yes = 0.112, no = 0);

Vs43 is the environmental commitments variable of the winery; Vsy3 = Z?Zl bj, bj is
each item of this multiple-choice question (yes = 0.125, no = 0);

Vsaa is the life cycle aspects variable; Vg = Z?:1 bj, bj is each item of this multiple-
choice question (yes = 0.334, no = 0);

Vss1 is the winery energy consumption environmental aspect variable of the winery
(yes =1,no =0);

Vssp is the waste management performance environmental aspect variable of the
winery (yes = 1, no = 0);

Vss3 is the fermentation emissions performance environmental aspect variable of the
winery (yes =1, no = 0);

Vsgp is the legal environmental requirements variable of the winery (yes = 1, no = 0);
Vso3 is the risk assessment variable (it could take one of the following three values: 1
if (quantitative method), 0.50 (qualitative method), and 0 (none));

Vsosa is the opportunity assessment variable (it could take one of the following
three values: 1 if (quantitative method), 0.50 (qualitative method), and 0 (none));

n is the number of variables that have been aggregated, and its value is 10.

A quantitative measure of other environmental requirements was performed based on

an indicator defined by Equation (7):

Werx = (Vse1 + Vsea + Veez + Vsz1 + Vszo+Vszz + Vsion) /n ()
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where

Wery is the aggregated other environmental requirements variable for each winery;
Vse1 is the EEP availability variable of the winery (yes = 1, no = 0);

o Vsgp measures the kind of emergencies in the EEP of the winery; Vsgp = 2]6:1 i, bjis
each item of this multiple-choice question (yes = 0.167, no = 0);

e Vg43 measures the EEP evaluation frequency (it could take one of the following four
values: 1 if (at least every six months), 0.75 (more than once a year), 0.50 (annually),
and 0 (never reviewed));

o Vgy is the EMS document availability variable of the winery (yes = 1, no = 0);

b:

e Vsy measures how the EMS information is recorded in the winery; Vs, = Y2 b j

—1Yj,
is each item of this multiple-choice question (yes = 0.2, no = 0); =
o  Vgy3 measures the document control frequency (it could take one of the following
four values: 1 if (at least every six months), 0.75 (annually), 0.50 (more than once a
year), and 0 (never reviewed));
Vs101 is the legal environmental requirements variable of the winery (yes = 1, no = 0);
n is the number of variables that have been aggregated, and its value is 7.

A quantitative measure of environmental training for workers was performed based
on an indicator defined by Equation (8):

Wewt = (Vsg1 + Vsgo + Vsgz) /n (8)

where

Wew: is the aggregated environmental worker training variable for each winery;
Vss1 is the EMS workers training availability variable of the winery (yes = 1, no = 0);
Vsgp» measures the workers training frequency (it could take one of the following
four values: 1 if (at least every six months), 0.75 (annually), 0.50 (more than once a
year), and 0 (never));
e  Vsg3 measures the number of employees who participate in environmental training
courses annually (it could take one of the following four values: 1 (more than 75%),
0.75 (between 50% and 75%), 0.50 (between 25% and 50%), and 0.25 (less than 25%));
e  nisthe number of variables that have been aggregated, and its value is 3.

3.6. Matrix of Sustainability Based on FS and EM

The sustainability matrix (SM), which illustrates the progress towards sustainability
in wineries through FS and EM metrics, is formulated by integrating the findings from
case studies two and three, respectively. The FS performance indicators, derived from
the second case study, and the EM performance indicators, sourced from the third case
study, collectively inform the matrix. Presented in Figure 11, the SM encapsulates the
FSMS performance by averaging the scores from the winery sample in the second case
study, alongside the EMS performance, which similarly utilizes the average scores from the
third case study’s winery sample. The matrix employs a color-coded scheme for ease of
interpretation, where each indicator’s value is depicted by a green line. The classification
of sustainability progress is delineated as “Start” for indicator values ranging from 0 to
0.33, indicating initial stages; “In progress” for values from 0.34 to 0.67, denoting ongoing
development; and “Maturity” for values from 0.68 to 1, signifying advanced integration of
sustainability practices.

FSMS indicators, which cover aspects like worker training, legal compliance, and
monitoring of hazardous substances, offer a comprehensive view of winery FS practices.
The Wy indicator, which measures the extent of training in GMPs and CCPs, emphasizes
the importance of thorough training in reducing contamination risks and ensuring wine
safety. This indicator’s high scores reflect wineries” substantial investment in training,
indicating a deep-rooted culture of food safety. However, it also points to the ongoing need
to update and expand training programs to meet new FS challenges and regulations.
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Sustainability Matrix (SM)

Components Performance Value Grade of Progress
Indicator Start I In progress Maturity
Food Safety Management
FS training W fswe 0.86
Legal requirements W i 0.43
Analysis Weep-Mchem 0.32 :
Environmental Management
Communication W oem 0.34 [RS8 | | | | [ 1 [ (L L L]

Commitment Waes 064 | & E
Planning W eps 0.55
Other Env. Requirements W, 0.51
Environmental Training [W ... 0.66

Figure 11. Sustainability matrix (SM) based on the performance of the FSMS and EMS.

The Wj;, indicator assesses how well wineries keep up with laws concerning sub-
stances like arsenic, cadmium, and lead. The intermediate scores here show a moderate
level of legal awareness and compliance, suggesting a gap in knowledge sharing and the
need for stronger systems to keep wineries informed about food safety laws.

The Weep Mchem indicator evaluates the ability to analyze chemical hazards, a key part
of FS. Its lower scores indicate room for improvement in analytical capabilities and the
adoption of more thorough testing methods to proactively manage contamination risks.

These FS indicators collectively offer a detailed look at the strengths and areas for
improvement in winery FS practices, aligning with wider sustainability goals and ensuring
consumer health and safety. This analysis highlights the intricate relationship between
training, compliance, and hazard management in creating a strong FS framework that is
crucial for sustainable and responsible wine production.

Turning to EM indicators, the Wecy and Weyr quantitatively reflect wineries” sustain-
ability efforts. For example, the W,y score of 0.64 signals a strong commitment to environ-
mental sustainability through established policies and active management, though there
is room to increase the frequency of EMS reviews. The W, score, close to the “Maturity”
level at 0.66, points to the significant role of environmental training in wineries, suggesting
solid groundwork with potential for further growth. The W, indicates ongoing environ-
mental planning efforts, though the need for better alignment, especially regarding fossil
fuel consumption, suggests areas for strategic improvement. The W, indicator shows a
moderate implementation level (0.51) of additional environmental management practices,
with variations in emergency preparedness and documentation control indicating the need
for more consistent management approaches. W, with a low score in the “In progress”
category (0.34), highlights a lack of effective communication strategies in environmental
management, suggesting that wineries could benefit from better internal and external
communication of their environmental policies and practices to enhance EM effectiveness.

Analyzing the distribution of these eight indicators within these categories reveals
the nuanced progress wineries have made toward sustainability. For example, the “In
progress” status for many indicators suggests a significant potential for improvement,
especially in legal requirements and physicochemical analysis for FS and in commitment
and environmental training for EM. This nuanced interpretation can inform targeted
strategies for wineries to enhance their sustainability practices.

The alignment of the SM with the F2F Strategy’s objectives is crucial. The matrix’s
indicators can be directly linked to F2F goals such as reducing the environmental footprint,
ensuring FS, and promoting sustainable practices. The SM not only serves as a diagnostic
tool but also guides strategic decision-making for wineries. By identifying areas of strength
and potential improvement, the SM can inform targeted interventions. For example,
wineries scoring lower in the workers training component (W) might invest more in
training programs, while those with lower environmental commitment scores might focus
on enhancing their EMS policies and management engagement.
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4. Discussion

The wine production industry, like other agricultural sectors, must undergo transfor-
mative evolution to align with sustainability objectives. Effectively integrating sustain-
ability into wine production demands methodical approaches, considering the intricate
challenges and opportunities inherent in the process. Strategies such as FS assurance, re-
sponsible agricultural practices, and the reduction of environmental impacts are identified
as pivotal for wineries [61,62].

An in-depth investigation into FS reveals substantial variations in the control perfor-
mance of thirty-seven CCPs and oPRPs assessed during the wine production process. Out
of these thirty-seven elements, twenty-two received favorable evaluations, while fifteen
exhibited notable performance disparities based on specific practices within each winery.

It is imperative to underscore that significant control deficiencies observed in wineries
were associated with various aspects, including the management of trace metals, fungicides,
and pesticides in grapes or wine from a chemical perspective. Similarly, deficiencies in
biological controls, such as microorganisms on equipment, and operational stage controls,
like the duration of must in crushers, demonstrated suboptimal performance. In instances
where both CCPs and oPRPs are inadequately controlled, there is an increased risk of po-
tential hazards, such as the presence of microorganisms, trace metals, fungicides, pesticides,
or other hazardous substances in grapes or wine [42,63,64].

Performance indicators play a fundamental role in assessing the sustainability of
wineries in terms of FS, enabling the measurement of the effectiveness of risk management
practices.

Ilustrating the importance of indicators in FS is the training component Wreswt- The
“Maturity” grade of progress indicates that wineries have achieved an advanced stage in
the training component. This suggests a shared commitment among wineries to invest
in training to address contamination risks effectively. These findings align with research
emphasizing the significance of aspects related to FS culture, particularly concerning human
factors and specialized training [65,66].

Progress in the legislation component is measured by Wj;,, and shows a performance
level of “In progress” (0.43). This emphasizes the need for greater knowledge and com-
pliance with European legislation related to FS concerning the risks of contamination by
heavy metals. The progression in legislation-related activities is a crucial aspect in ensuring
compliance and addressing contamination risks.

Progress in the analysis component is reflected by achieving a “Start” level in
Weep-Mchem- The analysis component, crucial for identifying and controlling the presence of
arsenic, cadmium, and lead in grapes and wines, is considered the least mature in terms of
performance. Wineries need to focus more on progressing in the legislation and analysis
components to enhance their ability to manage contamination risks effectively and thus
achieve greater progress in their sustainability.

Hence, the sustainability of wineries in terms of FS is currently classified as “In
progress”, with considerable scope for improvement, particularly in the components of legal
requirements and analysis. Our results are aligned with the pros and cons of sustainable
wine production found by Szolnoki, G. [26].

EM research reveals that main environmental objectives, focusing on waste, electricity,
and water reduction, emerge as central to sustainability efforts. However, there is a need
for more consistent alignment between long-term commitments and annual objectives.
Wineries prioritize objectives such as waste reduction, electricity, and water consumption
reduction, aligning with their sustainability goals. However, there is room for improvement
in synchronizing with fossil fuel consumption objectives. These findings align with other
studies about environmental aspects and impacts in the winemaking process and measures
to reduce them [67-69].

Emergency preparedness varies, with 38.7% lacking plans, emphasizing the need for
improvement. The results reveal that the significance of ISO 14001:2015 certification is low,
which is in line with other studies conducted in the Italian wine sector [70,71].
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Environmental performance indicators provide insights into the progress of sustain-
ability concepts, reflecting their global commitment to enhancing environmental sustain-
ability. The communication component indicator (We.;) reveals a lack of progress as
evidenced by a value corresponding to the “Start” grade of progress (0.34). It is imperative
for wineries to concentrate on refining their communication strategies to improve overall
EM effectiveness.

The environmental commitment indicator (We.y) achieves a 0.64 that corresponds to
an “In progress” grade of performance. It exhibits a robust commitment to environmental
sustainability through well-established policies and dedicated senior management teams,
although the frequency of EMS reviews varies. Carrillo Higueras et al. [72] found that win-
ery managers consider their own attitudes towards the environment and their perceptions
of control as the most important factors when adopting environmental commitment in
their organization.

The planning component indicator (W,,x) reveals a landscape where “In progress’
grades of progress are prevalent, indicating continual efforts in environmental planning
across wineries. However, there is room for improved alignment, especially in fossil fuel
consumption objectives. Findings are aligned with the research study recommendations
obtained by Gierling F. et al. [73], and it is also in agreement with a previous study con-
ducted by Carronquino J. et al. [74], since environmental planning has not been sufficient
to promote adaptation and mitigation to climate change.

Other requirements (We,») generally show that wineries are “In progress” in imple-
menting other EM requirements. Emergency preparedness varies, with 38.7% lacking plans,
emphasizing the need for improvement. Organizing and controlling documentation is
crucial for nearly a hundred percent of wineries, with half of them updating it annually
to align with ISO 14001, emphasizing their commitment to EM traceability through the
document system. Nevertheless, one-third of wineries fall short in completing this yearly
updating process, presenting an opportunity for improvement in maintaining their EMS
documentation.

The workers training component (W) currently indicates an “In progress” status
with a progress level of 0.66. This level closely approaches “Maturity”, underscoring the
significance of environmental training for wineries. These findings highlight the critical
role of environmental training in the winemaking industry.

The sustainability of wineries in terms of EM is at a stage of medium progress, with
components such as commitment and environmental training approaching maturity. These
findings align with the research on environmental sustainability in wineries conducted by
Baiano A. (2021) [53].

Our research reveals critical insights essential for advancing the wine sector. The
sustainability of wineries in terms of FS is presently described as “In progress”, signifying
a significant potential for improvement, particularly in the facets of legal requirements and
analysis. This implies that wineries must enhance their compliance with FS regulations
and refine their physicochemical analysis processes to boost FS outcomes. In terms of
the sustainability of wineries, EM is observed to be at a moderate level of advancement.
Notably, elements like the commitment to sustainability and environmental training are on
the verge of reaching full maturity, indicating a growing recognition and incorporation of
environmental considerations into the operational principles of wineries. These findings
highlight the differentiated progress in the winery industry towards sustainability, pointing
out specific areas where focused initiatives can lead to more substantial improvements.

7

5. Conclusions

Against the backdrop of global concerns about the sustainability of agricultural and
food production, the EU policy emerges with a central focus through the F2F Strategy,
emphasizing the need for a paradigm shift towards principles that seamlessly integrate
environmental preservation, FS, and nutritious sustenance.
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In this context, the concept of sustainability necessitates interpretation through meth-
ods capable of quantifying its evolution and progress within wineries. This comprehensive
exploration of sustainability in wineries, which is in alignment with the F2F Strategy and
considers both FS and EM perspectives, sheds light on crucial aspects requiring attention
and improvement within the wine production industry.

This study underscores the imperative for the wine production industry to undergo
transformative evolution, aligning with sustainability objectives in line with the goals of
the F2F Strategy. Actions such as FS assurance and environmental impact reduction are
identified as pivotal for wineries in achieving sustainability.

The SM is composed of the performance indicators of wineries in different components
of sustainability in terms of FS and EM, and it plays a fundamental role in assessing wineries’
approach to F2F Strategy goals. SM provides a comprehensive framework for wineries
to evaluate their efforts for being more sustainable, addressing specific areas requiring
focused attention and improvement in both FS and EM dimensions.

Protected Designations of Origin, cooperatives, and regulatory bodies can play a key
role in supporting sustainability development by proposing incentives such as rewards
or public subsidies for wineries that demonstrate better performance in FM and EM. By
using the proposed SM as an evaluation tool, these entities can establish clear and objective
criteria to measure the commitment and effectiveness of sustainable practices in the wine
sector, thus promoting continuous improvement and recognizing significant efforts towards
a more sustainable future.

Leadership plays a crucial role in establishing a strong culture towards sustainability
within wineries, where owners and managers must lead by example, showing unwavering
commitment to the effectiveness of FSMSs and EMSs. This dedication not only fosters
an environment where all workers feel motivated to align with the objectives of senior
management but also facilitates the identification of strengths and areas susceptible to
improvement. By doing so, it enriches the perspective on the various approaches adopted
by the industry and the level of commitment to sustainability, which is vital for promoting
safer and more sustainable practices in the wine sector.

Finally, there is ample opportunity to further study and delve into the methodol-
ogy of indicators calculation and its application to other sectors within the agro-industry.
The application of artificial intelligence based on machine learning and neural networks
emerges as a promising approach. These techniques have the capability to enhance ex-
isting indicators by incorporating new attributes, aiming to facilitate the prediction of
sustainability. This process involves expanding the predictive capacity through the iden-
tification and evaluation of additional factors that impact sustainability in this specific
context. The deployment of these advanced methodologies opens the door to a deeper
and more precise understanding of sustainable aspects in the operations of wineries and
other agro-industrial entities, thereby providing a more comprehensive and anticipatory
approach to sustainability management in these sectors.
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Appendix A

Appendix A.1. Survey for the Analysis of Implementation and Deployment of HACCP System in
Wineries Producing Red Wine

* Indicates That the Question is Mandatory
Email Address *

G.0 What is your annual production level of young red wine? Mark only one oval.

G.1

G2

G3

G4

G5

G.6

up to 25,000 L/year

between 25,001 and 100,000 L/year
between 100,001 and 250,000 L/year
between 250,001 and 500,000 L/year
more than 500,001 L/year

Have you implemented a prerequisite program according to the food hygiene legisla-
tion?* Mark only one oval.

O Yes
O No

Indicate which type of prerequisite plans you have implemented. * Select all that

apply.

ONONONONGC)

G.2.1 Maintenance of premises, facilities, and equipment
G.2.2 Good Manufacturing Practices Plan

G.2.3 Cleaning and disinfection plan

G.2.4 Waste control plan

G.2.5 Pest control plan

G.2.6 Control plan for water supply

G.2.7 Traceability control plan

G.2.8 Supplier control plan

G.2.9 Allergen control plan

G.2.10 Worker training plan

Oooooooooo

Do winery operators have training related to good viticulture practices (BPV)?* Mark
only one oval.

O No operator has BPV training.

@) More than half of the operators have BPV training.

O All operators have BPV training.

Do winery operators know the prerequisite plans implemented in the winery? Mark
only one oval.

O No operator is aware of the implemented prerequisite plans.

O More than half of the operators are aware of the implemented prerequisite
plans.

O All operators are aware of the implemented prerequisite plans.

Does the winery have a specific annual budget for the execution of the prerequisite
plans?* Mark only one oval.

O The winery does not have an annual budget for this matter.

O The winery carries out plans as needed but does not have a detailed annual
budget.

@) The winery has a detailed annual budget, which it executes in a planned
manner.

Has the winery implemented a Hazard Analysis and Critical Control Point (HACCP)
System?* Mark only one oval.

O Yes
O No

Harvest and Transportation
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2.1 Are periodic inspections carried out in the vineyards prior to the harvest?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

2.2 Are inspections conducted in the vineyards during the harvest to control hygiene
measures during this stage?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

2.3 Is the time taken to transport grapes destined for the production of red wine measured
from the vineyard to the winery?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).
Receipt of the harvest at the winery

3.1 Is the measurement of residues of fungicides and/or pesticides in grapes destined for
the production of red wine carried out when received at the winery?* Mark only one
oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).
3.2 Is the presence of mycotoxins from rotting grapes checked?* Mark only one oval.
Never (0)/Hardly ever (1)/Usually (2)/Always (3).

3.3 Isthe presence of contamination by metals (cadmium, lead, arsenic) in grapes checked?*
Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

3.4 Is the presence of contamination by vegetable residues, dust, and/or metallic elements
in grapes checked?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).
Pre-fermentation Treatments

4.1 Is the cleanliness of tanks controlled to eliminate residues of microorganisms?* Mark
only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

4.2 Is the absence of cleaning and disinfection products from performing these tasks in
the tanks controlled?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).
Grape Crushing and Paste Pumping

5.1 Isit controlled that the maintenance time of the must in the crusher is less than two
hours?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

5.2 Is the cleanliness of the crushing equipment controlled with a frequency not exceeding
two days?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

5.3 Is the absence of cleaning and disinfection products from performing these tasks in
the tanks, press, and/or pumping equipment controlled?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Sulfiting and Fermentation

6.1 Is the safety and purity of additives controlled?* Mark only one oval.
Never (0)/Hardly ever (1)/Usually (2)/Always (3).
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6.2

Is the absence of microorganisms in the equipment and tanks controlled?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Alcoholic Fermentation, Maceration, Racking, Pressing of Grape Pomace, Malolactic Fer-
mentation, and Finishing Fermentation

7.1

7.2

7.3

74

7.5

7.6

7.7

Is the concentration of ethyl carbamate in the fermented must controlled?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the concentration of sulfur dioxide in the fermented must controlled?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the purity and safety of yeasts controlled?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the temperature controlled during fermentation?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the pH of red wine controlled during malolactic fermentation?* Mark only one oval.
Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is hygiene controlled during racking and pressing operations?* Mark only one oval.
Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the cleanliness of pressing equipment controlled with a frequency not exceeding
two days?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Racking, Clarification, and Filtration

8.1

8.2

8.3

8.4

8.5

8.6

8.7

Are the cleaning procedures for tanks and racking equipment controlled?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Are the maintenance and cleaning procedures of the facilities controlled during the
racking stage?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the purity and safety of the agents used as clarifiers in red wine controlled?* Mark
only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the absence of residues from the agents used as clarifiers in red wine controlled?*
Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the absence of foreign elements from the filters in red wine controlled?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Are hygiene operations controlled during clarification and filtration operations?*
Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is the absence of cleaning and disinfection products from racking, clarification, and
filtration tasks in tanks and/or equipment controlled?* Mark only one oval.
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Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Cold Stabilization

9.1

9.2

Are the limit concentrations of metals (traces of As, Cu, Pb) in red wine controlled?*
Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is it controlled that the additives used are those allowed by current food legislation?*
Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Bottling and Labeling

10.1

10.2

10.3

104

10.5

10.6

10.7

Are bottle cleaning procedures controlled?* Mark only one oval.
Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Are maintenance and cleaning procedures for the red wine bottling line controlled?*
Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is there microbiological control of the red wine bottling line and bottles?* Mark only
one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is it controlled that the cork or a similar plug used for closing the bottles has undergone
microbiological control?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).
Is it controlled that the label used is correctly coded?* Mark only one oval.
Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is it controlled that the label used correctly describes mandatory information about
allergens?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Is it controlled that the label used correctly describes information about the Denomi-
nation of Origin Vinos de Madrid?* Mark only one oval.

Never (0)/Hardly ever (1)/Usually (2)/Always (3).

Application of HACCP Principles

11.1

11.2

11.3

Have the winery’s managers set objective and critical limit levels for each of the
identified critical points?* Mark only one oval.

O No, for none of them.
O Yes, but only for those where applicable mandatory regulations exist.
O Yes, for each and every one of them following applicable mandatory regula-

tions and/or professional technical recommendations.

Has the winery established a monitoring system for critical control points?* Mark
only one oval.

O Yes
O No

If a CCP monitoring system is established, what checking methods are used?* (Check
all that apply from the following list). Select all that apply.

Visual observation

Sensory evaluation (smell, taste, aroma, texture)

Physical determinations (temperature, relative humidity, pH)
Chemical analysis

(CHONONG)
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11.4.

11.5

11.6

11.7

11.8

11.9

O Microbiological analysis

Does the winery have a written monitoring program detailing the surveillance activi-
ties of hazards and their CCPs at each stage of red wine production? ?* Mark only
one oval.

O Yes
O No
Does the winery have a written procedure for establishing corrective measures to be
applied in case of deviations in each critical control point (CCP)?* Mark only one oval.
O Yes
©) No

Does the winery have a procedure for verifying the effectiveness of the CCP control
system? ?* Mark only one oval.

O Yes
O No

If yes, does this verification procedure detail the frequency of control for each critical
control point (CCP) and the person in charge of performing it? ?* Mark only one oval.

O Yes
O No

If yes, please indicate which people are involved in verifying the effectiveness of the
CCP system. Check all options that apply.

Winery owner

Winery manager

Quality manager or similar
Winemaker

Operators

Others

Does the winery conduct an annual internal audit of the Critical Control Points (CCPs)
and control analysis?* Mark only one oval.

O No

O Yes, but with a frequency greater than one year.

O Yes, annually.

OO0OO0O0O0O0

11.10 Does the winery have a record and documentation system for the HACCP system? ?*

Mark only one oval.

O There are no records or written documents.

@) Yes, there are records and written documents, but they are not complete or not
updated periodically.

O Yes, there is a complete and periodically updated record and documentation
system.

11.11If yes, what documents does the winery’s HACCP system contain? (Check all options

that apply)

List of HACCP system team members

Description of stages and production process of red wine
Analysis of hazards and determination of preventive measures
Identification of Critical Control Points (CCP)

Surveillance program containing surveillance activities
Corrective measures procedure

Results of verifications and internal audits

Document and record management procedure

Records generated by the HACCP system.

(CHONCHONONONONONGC
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Appendix A.2. Analysis of Wineries Performance about Critical Control Points Related to Risk
Control Contamination by Arsenic, Cadmium, and Lead in Grapes/Wines during Winemaking

* Obligatory
General data of the winery

G.1 What is your annual level of red wine production?* (Mark only one)

up to 25,000 L/year

between 25,001 and 100,000 L/year

between 100,001 and 250,000 L/year

between 250,001 and 500,000 L/year more than 500,001 L/year

G.2 Do you have a prerequisite program in place, according to the legislation on food
hygiene?* (Mark only one)

Yes/No

G.3 Does the winery have a Hazard Analysis and Critical Control Point (HACCP) system
in place?* (Mark only one)

Yes/No

G.4 How many people work in wine production operations in the winery?*

G.5 Do winery workers have training about good manufacturing practices (GMPs)?*
(Mark only one)

No worker has GMP training.
More than half of workers have GMP training.
All workers have GMP training.

G.6 Do winery workers have control training and monitoring of critical points (CCPs)?*
(Mark only one)

No worker has training in the controlling and monitoring of CCPs.
More than half of workers have training in control and monitoring of the CCPs.
All workers have training in control and monitoring of the CCPs.

Information available on arsenic, cadmium, and leads in the raw material (Critical Control
Point)

ID 1. The winery has identified the legislation relating to food contamination by the fol-
lowing: (check all those you consider).

Arsenic/Cadmium/Lead

ID 2. The winery uses the updated information available from the Spanish Agency for
Food Safety and Nutrition (AESAN) on heavy metals food risk. * (Mark only one)

Yes/No

CS 1. Does the winery have information related to the physical-chemical analysis of where
do the grapes used in winemaking come from?* (Mark only one)

Yes (Skip to question 11)/No

CS 2. Does the winery have information on the fertilizers used in the fertilization of the
soil from which the grapes used in winemaking come from?* (Mark only one)

Yes/No
Information available on the concentration of arsenic, cadmium, and lead in the soil

CS 3. The available information on the analysis of vineyard arable soil holds data on the
following:

Select all that apply.
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Total Arsenic Concentration in Soil
Concentration of Arsenic Available in Soil
Total Cadmium Concentration in Soil
Cadmium Concentration Available in Soil
Total Lead Concentration in Soil

Lead Concentration Available in Soil

Soil pH

Electrical conductivity of the soil

Control of the raw material (analysis procedures in the winery)

CB 1. Does the winery have its own laboratory to perform a chemical analysis of grapes
and wines?* (Mark only one)

Yes/No

CB 2. If you do NOT have your own laboratory, do you use an external laboratory to
perform a chemical analysis of grapes and wines?* (Mark only one)

Yes/No

CB 3. Does the warehouse have the technology and personnel to perform a metal analysis
using atomic absorption spectrometry?* (Mark only one)

Yes/No

CB 4. If you do NOT have your own laboratory, do you use an external laboratory to
perform a metal analysis using atomic absorption spectrometry on grapes and wines?*

Yes/No

Professional profile that performs the survey
You can tell us about your job inside the winery. (Mark only one)

Owner

Director/Manager

Winemaker

Winery Operator
Administrative/management/commercial staff
Other

Appendix A.3. Environmental Management System Questionnaire (Italy)
* Obligatory

1. Company name *
2. E-mail address *
3. S1.1 Annual production capacity. Mark only one oval.

Less than 50,001 L/ year.

50,001 L/year—100,000 L/year.

100,001 L/year—250,000 L/year.

250,001 L/year—1,000,000 L/year.

More than 1,000,000 L/year.

1.2 Number of employees. Mark only one oval.
<10.

10 to 49.

50 to 249.
250.

1.3 Job position in the company. Mark only one oval.

I
OO0OO0O0O ©@ OOOOO

Q1
9]

General Manager.
Owner Manager.

O O
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10.

11.

O Ecological Manager.

O Administration Officer.

O Vineyard Manager Executive Director.

O Other

52.1 What are the company’s main environmental objectives? Select all that apply.

Electricity consumption reduction.

Water consumption reduction.

Land use reduction.

Greenhouse gas emissions reduction.
Other gas emissions reduction.

Waste production reduction.

Use of raw materials reduction.
Substances released into the soil reduction.
Other

52.2 Does the company have any of the following areas/departments? Select all that
apply.

CHONCHNONONONONONGC

Environmental Management.

Leadership.

Planning of environmental objectives.

Environmental risk and opportunities.

Resources and environmental support.

Communication.

Operation and environmental control.

Emergency response.

Monitoring, analysis, and evaluation of EMS performance.

ONONONONONONONONG

92)

2.3 What is the company’s internal communication strategy? Select all that apply.

Website.

Email.

Social media (Facebook, Instagram, etc.).
Newsletters.

Internal staff site.

Other
2.4 What is the company’s external communication strategy? Select all that apply.

Website.

Social media (Facebook, Instagram, etc.).
Newsletters.

Advertisement.

Marketing campaigns.
Other

52.5 Does the company disclose environmental information to any stakeholders?
Select all that apply.

Clients.

Ecology associations.
Public administrations.
Suppliers.

Shops.

Other

53.1 Has the organization clearly identified the Environmental Director in the com-
pany? Mark only one oval.

O Yes.

O No.

OO0OO0OO0O0O0

92]

OO0OO0OO0O0O0

OO0OO0OO00O0
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

53.2 How often does the senior management review the organization’s environmental
management system? Mark only one oval.

O At least every six months.
O Annually.

O Over a year.

O Never.

53.3 Has the company established processes to achieve annual environmental results?
Mark only one oval.

O Yes.
O No.
54.1 Has the company established an environmental policy? Mark only one oval.
O Yes.
O No.

54.2 How does the company communicate and/or promote its environmental policy?
Select all that apply.

Website. Newsletter. Social Media. Advertisement.
E-mail promotional. Marketing campaigns.
Courses

None of these

Other

54.3 Does the company’s environmental policy include any of these commitments?
Select all that apply.

OHONONONG)

Reduce the use of water.

Reduce the use of fossil combustible.
Control of electricity use.

Reduce fertilizer and pesticide use.
Reduce gas emissions.

Increasing land use efficiency.
Improvement in packaging (glass bottles).
Improvement in wine distribution.

CHONONONONONONGC)

54.4 What aspects of the life cycle are included in environmental policy? Select all that
apply.

O Environmental impacts of the supply chain.
O Environmental impacts of product use.
O Environmental impacts of waste generation.

53.4 Who is responsible for environmental management? Mark only one oval.

Owner

General Manager
Environmental Manager
Administrative Manager
Vineyard Director
Executive Director
Other:

55.1 Considering that wineries have a high energy consumption, what actions or
measures does the company take to reduce the environmental impact?

55.2 Wineries generate a lot of solid waste, which, once disposed of, has a high
environmental impact. How is this high amount of waste managed?

55.3 Wineries generate gases that are usually impregnated with fruit or machinery.
What processes should be in place to reduce these emissions and therefore generate
less impact?

OO0OO0OO0OO0O0O0
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22.

23.

24.

25.

26.

27.

28.

29.

30.

56.1 Has the company prepared plans to prevent or mitigate negative environmental
impacts resulting from emergency situations? Mark only one oval.

O Yes.
O No.

6.2 If so, which environmental emergency is the company prepared for? (Select one or
more). Select all that apply.

Fire

Water uncontrolled discharge with a cleaning product or organic matter residues.
Water drains with chemical contaminants.

Landfilling of waste and /or abandoned waste.

Leakage of dangerous substances.

Other

56.3 Does the company periodically review planned response actions for emergency
situations? Mark only one oval.

(CHONONONONGC]

O At least every six months.
O Annually.

O Over a year.

O Never.

57.1 Does the organization have documented information to demonstrate that it
monitors, measures, and evaluates its environmental performance? Mark only one
oval.

O Yes.
O No.

57.2 How does the organization record information to demonstrate that it evaluates
the effectiveness of its environmental management system? Select all that apply.

Data records.

Reports.

Technical Instructions.
Procedures.

None of these.

Other.

57.3 How often does the company create and update documented information consis-
tent with its environmental management system? Mark only one oval.

OO0OO0OO0O0O0

O At least every six months.
O Annually.

O Over a year.

O Never.

59.2 Does the company have legal requirements from government bodies or other
relevant authorities in relation to environmental impacts? Mark only one oval.

O Yes.

O No.

58.1 Is training offered to staff on environmental management systems? Mark only
one oval.

O Yes.
O No.

58.2 If so, how often do staff take these environmental trainings? Mark only one oval.
At least every six months.
Annually.

Over a year.
Never.

(CHONONG)
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31. S8.3 How many workers have already undergone environmental management train-
ing? Mark only one oval.

O Less than 25%

O Between 25-50%
O Between 50-75%
O More than 75%

32.  59.3 What method does the organization use to carry out risk analysis? Mark only
one oval.
O Quantitative method
O Qualitative method
O None

33.  S9.4 What method does the organization use to perform the opportunity analysis?
Mark only one oval.

@) Quantitative method
O Qualitative method

O None

34. $510.1 Has the company certified its EMS with ISO 14001:2015? Mark only one oval.
O Yes.
O No.
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Results

4.6 Summary scheme of the Results

The summary of the results obtained in the research is presented by Table 9.

Table 9: Research results summary

Article Objective

Key Findings

Evaluation of Food Safety Performance in Wineries.
Foods, 11(9), 1249. 2022

CATEGORY: FOOD SCIENCE & TECHNOLOGY | SCIE
JCRYEAR | 2022 SO-1.- Analyse and evaluate the FS
JIFRANK | 34/142 management in promoting the
JIFQUARTILE | Q1 sustainability of the wine production.
JIF PERCENTILE | 76.4
CITATION | 6
Published | MAY 2022

PRPs Implementation: 91.5% of wineries implemented, with
a focus on larger production scales.

Worker Training: 81% of wineries have >50% workforce
trained in GMP, especially notable in wineries >100,000
L/year.

Knowledge and Budgeting: 95% of wineries report significant
workforce knowledge on PRPs; 62% formulate PRPs without a
specific budget; larger wineries maintain dedicated budgets.
HACCP Adoption: 76.2% of wineries have embraced HACCP,
with varying control over CCPs.

Assessing wineries' performance in managing critical
control points for arsenic, lead, and cadmium
contamination risk in the wine-making industry: A
survey-based analysis utilizing performance indicators

as a results tool. Heliyon, 10(1). JAN 15 20242024
SO-3.- Identify and analyse key

CATEGORY: MULTIDISCIPLINARY SCIENCES | SCIE components of sustainability in the
JCRYEAR | 2022 wineries based on FS management
JIFRANK | 23/73 and EM performance.

JIF QUARTILE | Q2
JIF PERCENTILE | 69.2
CITATION | 1
Published | JAN 2024

Regulation Adherence: 96.9% follow regulations with
significant training in GMP and CCPs; 93.8% meet standards.
Training Correlation: Positive link between GMP and CCP
training.
Legislative Awareness: Smaller wineries show less awareness;
gap in using AESAN resources.
Quantitative measure method:

o Performance Indicators for training, compliance, and

chemical analysis: leswr, luu, lccp-mchEm.
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Article

Objective

Key Findings

An Evaluation of Sustainability in Wineries Based on
Their Performance in Compliance with Food Safety". In
Proceedings of the 12th lberian Agroengineering
Congress. Xll Congreso Ibérico de Agroingenieria.
(2023) Junta de Andalucia: Sevilla - Spain.

SO-3.- Identify and analyse key
components of sustainability in the
wineries based on FS management
and EM performance.

Contamination Risks: Notable deficiencies in managing trace
metal and biological hazards.

Proposals: Performance indicators for training, compliance,
and analysis to improve FS.

Assessment of Environmental Management
Performance in Wineries: A Survey-Based Analysis to
create Key Performance Indicators. Environments
2024.

CATEGORY: ENVIRONMENTAL SCIENCES ESCI

JCR YEAR 2022

JIF RANK 190/334

JIF QUARTILE Q3

JIF PERCENTILE 43.26

CITATION 0

Published UNDER
PEER
REVIEW
18/04/24

SO-2.- Analyse and evaluate the EM
performance in promoting the
sustainability of the wine production.

SO-3.- Identify and analyse key
components of sustainability in the
wineries based on FS management
and EM performance.

EM Areas Focus: Large wineries (80%) show structured EM

focus.

Communication: Email (74.2%) and social media (84.4%)

dominate for internal and external communications,

respectively.

Workforce and EM Focus: Most wineries employ fewer than

ten workers.

Environmental Policies and Leadership: 71.9% of wineries

have established environmental policies.

Quantitative measure method:

o Performance Indicators for environmental

communication, commitment, planning,
management requirements, and training: lecm, lecx,

Iepx; |erx; Iewt .

Exploring Sustainability in Wineries: Evaluating Food
Safety and Environmental Management Aligning with
the Farm to Fork Strategy. Agriculture 2024, 14, 330.

CATEGORY: AGRONOMY SCIE
JCRYEAR | 2022
JIFRANK | 17/88

JIF QUARTILE | Q1
JIF PERCENTILE | 81.3
CITATION | O
Published | MAR 2024

SO-4.- Design a tool to measure
progress of sustainability and test it.

Sustainability Matrix (SM): Synthesis of three research studies
and proposal of the SM as a tool for assessing wineries
performance in FM and EM towards to measure their
sustainability practices progress, featuring color-coded
indicator values.
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4.7 Key Takeaways

These key takeaways highlight crucial aspects of ensuring success and sustainability in
the winery industry:

o Effective Implementation: The success of PRPs and HACCP relies heavily on
worker training, knowledge, and proper budget allocation. Ensuring that
employees are well-trained and adequately equipped with the necessary
resources is essential for these programs to function effectively.

o Risk Management: Continuous improvement is vital for managing contamination
risks and ensuring compliance with regulations. Wineries must remain vigilant
and consistently update their processes to mitigate risks and maintain regulatory
standards.

o Structured EM Efforts: Larger wineries tend to exhibit more systematic
environmental management practices. Effective communication strategies play a
significant role in ensuring the successful implementation of these practices
throughout the organization.

e Quantitative Sustainability Assessment: The introduction of the SM provides
wineries with a comprehensive tool for measuring their sustainability efforts. This
quantitative approach allows wineries to assess their sustainability performance
across various dimensions and identify areas for improvement.
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5 Discussion

In the backdrop of a global concern for the sustainability of agricultural and food
production, the EU stands as a focal point. As reported by the European Commission, food
production within the EU continues to have an adverse impact on the environment,
necessitating a shift towards sustainability principles that seamlessly integrate
environmental preservation, FS, and nutritious sustenance (European Commission,

2020¢).

Wine production methods must evolve to align with sustainability objectives. The
integration of sustainability in wine production industry requires methodical approaches,
considering the complex challenges and opportunities. FS assurance, responsible
agricultural practices and reduction of environmental impacts emerge as pivotal
strategies for wineries (Epuran, Bratucu, Barbulescu, Neacsu, & Madar, 2018; Flores,

2018).

This chapter seeks to synthesize findings from the research focused on EMS and FSMS
within the wine production industry. By examining how EMS and FSMS impact
sustainability outcomes, the research has delved into the influence of winery size on the
effectiveness of these systems and explores the roles of training, leadership, and
legislative compliance in enhancing implementation, and other environmental

components represented by each environmental performance indicators.

5.1 Interconnections between FS and EM

Understanding the interconnections between FS and EM within wineries is critical for
achieving comprehensive winemaking sustainable practices. The research provides a
foundation to explore these links, highlighting how practices in one area can influence

outcomes in another.

FS and EM often share common practices that aim to ensure product quality while
minimizing negative environmental impacts. For example, the management of chemical
inputs, such as pesticides and fungicides, is crucial for both preventing contamination of

wine (a food safety concern) and reducing soil and water pollution (an environmental
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concern). Control of metal contaminants like Cadmium, Lead, and Arsenic in grapes is
often insufficient, posing risks not only to consumer health but also to environmental
integrity wine (Christaki & Tzia, 2002; Magan, 2006; Martinez-Rodriguez & Carrascosa,
2009).

EM practices can have a direct impact on FS outcomes. For instance, sustainable water
management practices not only conserve water resources but also reduce the risk of
waterborne contaminants affecting the vineyard and, subsequently, the wine production
process. Osborne (2022) highlighted those wineries that implemented rigorous water
quality monitoring and treatment systems reported fewer issues with microbial

contamination, a key aspect of FS (Osborne, 2022).

Conversely, stringent FS protocols can influence environmental health. Practices such as
the proper handling and disposal of waste from wine production, like grape skins and
seeds, can prevent environmental contamination. Furthermore, the reduction of chemical
additives in wine production not only addresses consumer safety concerns but also
reduces the chemical load discharged into the environment. These findings are similar to
other studies focusing on controlling microbiologic contamination in wines that have also
demonstrated as a significant contributing factor to prevent contamination (Martinez-

Rodriguez & Carrascosa, 2009).

5.1.1 Performance variability by winery size

It is evident that larger wineries exhibit a more robust implementation of FSMS, such as
HACCP. Findings noted that larger wineries are more likely to have fully implemented
PPRs and CCPs. In contrast, smaller wineries often face challenges with these
implementations due to limited resources and less formalized training programs. Results
indicated that while over 90% of larger wineries had a complete HACCP plan in place, only

about 75% of smaller wineries had reached a similar level of implementation.

Environmental management presents a similar trend. Larger wineries are more likely to
adopt comprehensive EMS practices, facilitated by greater financial and human resources.
These wineries often achieve higher compliance with regulations pertaining to waste

management, energy use, and water conservation. Smaller wineries, however, tend to
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have less structured approaches, partly due to a lack of expertise and funding to invest in
necessary technologies and practices. The data revealed that large wineries reported
nearly 85% compliance with ISO 14001 environmental standards, whereas smaller
wineries reported only about 50% compliance. Besides, results reveal that the
significance of ISO 14001:2015 certification is low, in line with other studies conducted
in the Italian wine sector (Fiore, Giacomarra, Crescimanno, & Galati, 2020; Giacomarra,

Galati, Crescimanno, & Tinervia, 2016).

Findings across the studies illustrate that larger wineries show higher compliance with
EMS and FSMS, attributed to better resources and structured management practices.
Conversely, smaller wineries often struggle with these aspects due to resource
constraints. This indicates a critical need for policy interventions that support smaller
wineries through subsidies, training, and access to technology to enhance their

sustainability performance.

The performance of wineries in implementing winemaking sustainable practices and
adhering to environmental and FS standards varies significantly with size. The analysis
demonstrates a clear divide in how different sized wineries manage their operational,

safety, and environmental challenges.

Another significant factor influencing performance across winery sizes is the adoption of
technology. Larger wineries are more likely to invest in advanced technologies for
monitoring and improving FS and environmental impacts. This includes everything from
chemical analysis systems to environmental operation control processes. Smaller
wineries, due to budget constraints, often lag in this area, which can hinder their ability

to effectively monitor and manage environmental and safety risks.

5.1.2 Performance in environmentally sustainable objectives

Environmental objectives such as waste, electricity, and water reduction are central to the
sustainability goals of wineries. However, inconsistencies in how these objectives are
prioritized and implemented, particularly in relation to reducing fossil fuel consumption
and enhancing emergency preparedness. These gaps present opportunities for wineries

to adopt more integrated and strategic approaches to sustainability, which could include
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better alignment of annual targets with long-term environmental commitments. These
findings are aligned with other studies about environmental aspects and impacts in
winemaking process and the measures to reduce them (Iannone, Miranda, Riemma, & De

Marco, 2016; Laca, Gancedo, Laca, & Diaz, 2021; Zhang, Ye, Yang, & Zhou, 2019).

5.2 Deep dive into Training, Leadership, and Legislative Compliance

5.2.1 Training

The linkage between FS and EM is further reinforced through training. Wineries that
provide comprehensive training programs covering both domains tend to have staff who
are better equipped to manage complex situations that may impact both FS and EM. The
research pointed out that wineries investing in continuous professional development in
these areas often achieve higher standards of compliance and innovation in sustainable
practices. These findings are consistent with the research conducted by Lee, ].C. et al (Lee,
J. C., Neonaki, Alexopoulos, & Varzakas, 2023; Lee, J. C. et al, 2021), wherein the
importance of aspects related to FS culture is underscored, particularly about human

factors and specialized training.

Effective EMS and FS protocols rely heavily on robust training programs. The disparity in
training levels, particularly between larger and smaller wineries, directly affects the
success of these systems. Training enhances operator understanding and compliance,
which are crucial for the effective functioning of these protocols. The research offers a
comprehensive view of the current state and disparities in training practices across
wineries of varied sizes and regions. Larger wineries typically have more structured
training programs that are regularly updated to comply with new regulations and
standards. In contrast, smaller wineries often rely on informal or occasional training
sessions, which may not cover all critical aspects of food safety and environmental
management. Results show a significant correlation between the extent of training and
the effectiveness of EMS and FSMS, particularly noting that wineries with more
comprehensive training regimes showed better overall performance in sustainability

metrics.
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An overview of current FS training practices indicates that while most large wineries have
established robust training programs in FS, including the implementation of HACCP
systems, smaller wineries often exhibit gaps. The results indicate that smaller wineries
face significant challenges in complying with HACCP standards, primarily due to
inadequate training and limited resources. This aligns with findings by Yapp (2006), who
noted that knowledge of the basic principles of FS and its requirements tends to be low
among small and medium-sized agrifood businesses. (Yapp & Fairman, 2006). Only a
fraction of smaller wineries had fully trained staff, significantly impacting their ability to

monitor and control critical safety points.

The effectiveness of training programs varies significantly, not just by winery size but also
by the specific safety protocols being implemented. For example, training on chemical
safety, such as the management of pesticides and fungicides, tends to be less
comprehensive across the board. This discrepancy can lead to inconsistencies in the
application of safety measures, particularly in critical areas such as the control of trace
metals and microbiological hazards in wines. These observations align with previous
research studies by Chaudhary (Chaudhary, 2020) and Saeed (Saeed et al, 2019),

highlighting a congruence in the identified training trends across other investigations.

Several studies underscore the barriers to effective training, including limited financial
resources, lack of specialized trainers, and the transient nature of agricultural labour
(Aivazidou & Tsolakis, 2020; Ghezzi, Ayoun, & Lee, 2021; Mthombeni, Antwi, & Oduniyi,
2022). Additionally, the linguistic diversity within the EU poses challenges in delivering
uniform training content across member states, complicating the dissemination of best

practices (Tenzer, Pudelko, & Zellmer-Bruhn, 2021).

EM training is less uniform than FS training across wineries. Larger wineries, due to their
greater operational scales and often more stringent regulatory scrutiny, tend to have
more structured environmental training programs. These programs frequently cover
topics such as waste management, energy conservation, and water usage reduction. In
contrast, smaller wineries may not have formal training programs, relying instead on ad-

hoc practices that can lead to less effective environmental management.
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The direct impact of training on achieving sustainability goals is evident in larger wineries
that align their training programs with their EMS. These wineries typically demonstrate
better performance in sustainability metrics, as they are more likely to integrate advanced
technologies and practices learned through formal training into their daily operations.
However, the lack of such structured training in smaller wineries often results in poorer
compliance with environmental standards and less effective implementation of EMS.
These findings are aligned with the research results of the environmental initiatives

between small and large wineries achieved by Knowles (2001) (Knowles & Hill, 2001).

Improving training in environmental management across all wineries is crucial. This
involves not only increasing the availability and accessibility of training programs but also
ensuring that they are tailored to the specific needs and capacities of wineries of varied
sizes. Leveraging EU funding and support, collaborative training initiatives can be
developed that utilize online platforms to overcome geographical and linguistic barriers,

providing standardized, high-quality training across the region.

The comparative analysis reveals significant disparities in the training for FS and EM
across wineries, particularly between larger and smaller establishments. To bridge these
gaps, there is a pressing need for standardized, accessible, and comprehensive training
programs that are supported at the EU level. This approach would ensure that all
wineries, regardless of size or location, have the knowledge and skills necessary to

implement effective FS measures and EM practices.

5.2.2 Leadership role

Effective leadership is crucial for fostering a culture of safety and environmental
responsibility. Leaders in larger wineries typically drive proactive involvement in
environmental initiatives, ensuring compliance with international standards. In smaller
wineries, leadership often involves direct engagement with all staff levels, promoting an

integrated approach to EM and FS.

Chen (2020) found that the active commitment of senior management to the efficacy of
FSMS and EMS sets a precedence that permeates throughout the business. This

commitment ensures that all levels of the organization are aligned, which simplifies the
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integration of safety standards into daily operations and helps in achieving broader

sustainability targets (Chen et al,, 2020).

Results indicate that wineries led by management teams who are deeply committed to
environmental and safety standards show improved compliance and better overall
performance. These wineries often implement comprehensive training programs and
regularly evaluate their processes to ensure they are in line with or exceed regulatory

requirements.

The empirical evidence suggests that wineries with an important level of leadership
commitment see enhanced operational efficiencies and adherence to safety protocols.
Training initiatives that are well-supported by the leadership tend to be more thorough
and effective, covering crucial aspects from chemical safety to waste management. These
training programs are essential for ensuring that the staff understands and can effectively

implement necessary safety and sustainability practices.

Leadership in wineries also extends to fostering an initiative-taking approach towards
training and development. Effective leaders recognize the importance of continuous
learning and adaptation, particularly in an industry where production processes are
closely intertwined with environmental impact and public health concerns (Pomarici,

Corsi, Mazzarino, & Sardone, 2021).

The effectiveness of FS and EM within wineries hinges significantly on the role of
committed leadership. Leaders who embody and advocate for these principles promote a

culture of sustainability that is essential for the long-term success of their operations.

5.2.3 Compliance challenges across winery sizes

Larger wineries typically have the resources to navigate these complex regulatory
environments more effectively. They often employ compliance officers whose sole
responsibility is to ensure that all aspects of the winery operations adhere to local and
international laws. These wineries also tend to have more structured approaches to

compliance, with regular audits and reviews to ensure that all practices are up to date
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with current laws. The ability to invest in sophisticated compliance software and systems

further aids these wineries in maintaining ambitious standards.

Conversely, smaller wineries often struggle with regulatory compliance due to limited
resources. The cost of maintaining up-to-date knowledge of all applicable regulations and
implementing necessary changes can be prohibitive. Smaller wineries may lack the
personnel necessary to dedicate to compliance, often requiring staff to manage multiple
roles, which can dilute the focus on regulatory adherence. These results match with the
alcoholic beverage industry’s weakness in compliance with FS legislation demonstrated
by Kourtis L.K. (Kourtis & Arvanitoyannis, 2001). Enhancing legislative knowledge and
application across the industry, particularly among smaller wineries, is crucial for
maintaining ambitious standards of safety and environmental care. Small wineries benefit
from simplified regulations or support from external organizations that can provide

guidance and assistance in meeting compliance requirements.

Also, it is important to consider the role of training in enhancing compliance. Effective
training programs are essential for ensuring that all winery staff, regardless of the size of
the business, understand the regulations that impact their operations and how to comply
with them. Training that specifically addresses compliance can help prevent violations

that may lead to fines, legal issues, or damage to the winery reputation.

Given the resource disparities between large and small wineries, targeted support
policies are essential. Financial incentives for sustainability investments, training
subsidies, and accessible guidance on legislative compliance could significantly enhance
the capability of smaller wineries to implement effective EMS and FSMS. These outcomes
are in accordance with the findings of Szolnoki, G. (Szolnoki, 2013) who highlighted the

pros and cons of sustainable wine production.

5.3 Beyond traditional metrics about sustainable practices in wineries

Incorporating broader metrics that measure environmental and health risks impacts is
recommended to provide a more comprehensive view toward the sustainability in wine
production. The SM serves as both a diagnostic tool and a strategic guide, enabling

wineries to identify areas of strength and opportunities for improvement regarding FS
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and EM to be wineries more sustainable. By quantifying performance across two
dimensions of wine production sustainability, it facilitates targeted interventions and
fosters continuous improvement towards achieving higher standards of sustainability
aligned with the Farm to Fork Strategy. As such, this matrix is not merely a summary of
past performance but a forward-looking instrument that empowers wineries to evolve

their practices in line with emerging sustainability trends and regulatory demands.

5.3.1 Application of the SM in Policy Design

The SM can help policymakers understand where wineries are in their sustainability
journey. By analysing the data collected through the matrix, policymakers can identify
common areas where wineries struggle, such as waste management or energy efficiency,
and design targeted support programs to address these issues. For instance, if the SM
reveals that a substantial number of small to medium-sized wineries have deficient
performance in energy efficiency, policies could be designed to provide subsidies or tax

incentives for energy-saving equipment.

The SM provides a mechanism for continuous monitoring and reporting of sustainable
practices outcomes in FS and EM. This feature is invaluable for tracking the effectiveness
of implemented policies and making necessary adjustments. Policies that aim to improve
specific sustainability metrics can be monitored through periodic reviews using the
matrix, ensuring that these policies are achieving their intended outcomes and

contributing positively to the overall sustainability of the industry.

By establishing benchmarks for sustainability performance, the SM helps in setting clear
and achievable standards for wineries. Policymakers can use these benchmarks to define
compliance thresholds for regulatory purposes or to incentivize higher levels of
sustainability achievement based on FS and EM. For example, wineries that consistently
perform above the benchmark in the SM could be rewarded with certifications or public
recognition, encouraging a competitive spirit towards sustainable winemaking practices

among industry players.

The SM fosters transparency and facilitates stakeholder engagement by providing a clear

and objective assessment of wineries sustainable winemaking practices performance.
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Policymakers can use this tool to engage with various stakeholders, including winery
owners, environmental groups, and the local community, to discuss and refine
sustainability initiatives. This engagement ensures that the policies are well-rounded and

effectively address the concerns and needs of all stakeholders involved.

The insights gained from the SM can guide research and development efforts towards
sustainable practices in the wine industry. Policies can be developed to support Research
& Development (R&D) in areas where there are significant gaps in technology or practices,
as identified by the matrix. Supporting innovation through R&D grants or partnerships
with academic institutions can lead to advancements in sustainable practices that can be

widely adopted within the industry.

In summary, the evaluation of FS and EM practices in wineries towards improving their
sustainability, which relies heavily on a set of eight performance indicators encompassed
within the SM, reveals a comprehensive picture. The combined results, irrespective of the
production levels of the wineries, categorize their status of wineries in terms of FS and
EM as "In Progress." This designation highlights substantial opportunities for further
improvement, particularly in areas such as legal requirements, chemical analysis,
environmental communication, environmental planning, and other environmental
requirements. These findings are consistent with those presented by Szolnoki (2013),
who noted similar trends in sustainable practices within the industry (Szolnoki, 2013).
Additionally, these observations align well with the research conducted by Baiano (2021),
further validating the widespread recognition of the need for ongoing enhancements in

winery sustainability practices (Baiano, 2021).

5.4 Limitation and strength of the thesis

One of the key drawbacks of the thesis resides in the diminished rate of participation
received from the wineries under examination, which could potentially influence the
inclusiveness and applicability of the data to the broader wine industry. Nonetheless, a
fundamental merit of this study is grounded in the formulation of performance metrics
utilizing the questionnaire approach. This instrument establishes a sturdy groundwork
for scrutinizing data and facilitates the assessment of wineries' performance in FSMS and

EMS focus in their sustainability.
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6 Conclusion

The hypothesis has been confirmed showing that the progress towards sustainability of
wine production is related with the implementation level of FSMS and EMS based on
HACCP and ISO 14001:2015 standards in wineries. A higher level of performance in FSMS
and EMS is associated with improved behaviours in sustainable practices in wineries. The
findings have demonstrated that high performance in FSMS reduces health risks for wine
consumers and ensures compliance with FS standards. Similarly, high performance in
EMS significantly helps to minimize the environmental impacts of wine production and
underscores a commitment to adhering to environmental legislation. Moreover, it has
been established that clear leadership in environmental and FS management at the top

level encourages practices that support sustainability.

The first specific objective (SO-1), which pertains to evaluating the development of FS,
has been addressed. The thesis highlights the critical need for ongoing improvement in
the technical application of the HACCP methodology, as well as the necessity for
comprehensive training in FS for winery staff. Identified barriers suggest that creating
new formats for CCPs surveillance, which involve a range of professionals within wineries,
could improve CCPs monitoring and, in turn, enhance the overall implementation of
HACCP. The importance of having motivated, satisfied, and well-trained personnel

becomes clear in ensuring the effectiveness of the HACCP.

A proficient implementation of PRPs and HACCP is pivotal in eliminating FS risks,
emphasizing the necessity for wineries to enhance hazard identification, analysis, and
evaluation. This necessitates improvements in chemical and microbiological analysis
laboratories and substantial investments in training and sensitization of all staff.
Leadership, demonstrated by winery owners and managers, is identified as crucial for
fostering a robust safety culture, facilitating alignment with senior management, and

ensuring the effectiveness of FS systems.

Moreover, the thesis reveals that although most wineries have FSMS, there is room for
improvement in the identification and control of CCPs related to the contamination risks
of arsenic, cadmium, and lead. Wineries must exert adequate control over these risks by

staying informed about and adhering to European legislation. Training winery workers in
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GMP and CCPs control is identified as a success factor in preventing contamination by

these metals.

Despite the high training level of workers in controlling the risk of arsenic, cadmium, and
lead contamination, deficiencies persist in the wineries' performance regarding the
identification of applicable legislation related to heavy metal contamination risk. The lack
of information on contamination sources in grapes, coupled with barriers such as the
absence of spectrometry equipment in winery laboratories, presents challenges.
Providing wineries with the necessary equipment and resources for chemical analyses
could mitigate these challenges and enhance the control of contamination risks associated

with heavy metals and metalloids.

The second specific objective (SO-2), which involves evaluating EM performance in the
wine industry by analysing the implementation of EMS according to the international
standard ISO 14001:2015 and its role as a tool for assessing sustainability in wineries, has
been achieved. The thesis provides a comprehensive understanding of EM practices,
communication strategies, and the degree of commitment among Italian wineries. It
highlights both strengths and areas for improvement in their environmental
sustainability efforts, offering valuable insights into the varied approaches and levels of

commitment within the industry.

The third specific objective (SO-3) has been proved. Integrating FS and EM systems
offers substantial synergistic benefits by ensuring that wineries operations are both safe
for consumers and environmentally sustainable. This integrated approach promotes a
more efficient use of resources, reduces operational redundancies, and enhances
compliance with both FS and environmental regulations. However, this integration is not
without challenges, particularly for smaller wineries. The complexity and cost of
implementing can be prohibitive, requiring substantial investment in technology and

training.

Besides, there are barriers to effective implementation and variability among wineries.
The effective implementation of FS and EM practices varies significantly among wineries,
primarily influenced by their size and resources. Larger wineries often have the capital to
invest in sophisticated systems and continuous employee training, enabling them to lead

in compliance and innovation. In contrast, smaller wineries face significant barriers,
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including limited financial resources, lack of specialized equipment such as spectrometry
for chemical analysis, and challenges in staying updated with relevant legislation. These
factors hinder their ability to effectively manage risks associated with contaminants like

heavy metals.

Training, particularly in GMP and CCP control, emerges as a critical success factor in
managing these risks. Despite the elevated level of training on specific hazards, there is
often a lack of comprehensive understanding of applicable legislation and the broader

implications of contamination, which are crucial for maintaining high standards of FS.

Leadership plays a crucial role in establishing a strong culture towards sustainability
within wineries, where owners and managers must lead by example, showing unwavering
commitment to the effectiveness of FSMS and EMS. This dedication not only fosters an
environment where all workers feel motivated to align with the objectives of senior
management but also facilitates the identification of strengths and areas susceptible to
improvement. By doing so, it enriches the perspective on the various approaches adopted
by the industry and the level of commitment to sustainability, which is vital for promoting

safer and more sustainable practices in the wine sector.

To support wineries in overcoming these challenges and to foster a more robust
sustainability culture, targeted policy interventions are necessary. These could include
financial and technical support to provide subsidies or low-interest loans to assist smaller
wineries in purchasing necessary equipment and technology for FS and EM. Simplified
regulatory framework to make compliance more manageable for small and medium-sized
enterprises, with clear guidelines and checklists. Enhanced Training Programs through
developing and funding comprehensive training initiatives that address both FS and EM,
tailored to the needs of wineries of varied sizes. And finally, collaborative efforts,
encouraging collaboration among wineries, research institutions, and government

agencies to share best practices and innovations in sustainability.

In response to the pressing need for sustainable practices within the EU winery sector,
several recommendations have been put forth to bolster both environmental stewardship
and FS. These recommendations are designed to be actionable and sustainable,

addressing the needs of wineries of varying sizes and capabilities.
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Firstly, the implementation of EU-wide training initiatives is crucial. These programs
should be meticulously tailored to the needs of wineries of varied sizes, focusing on
crucial aspects of sustainability and safety. The development of a standardized training
curriculum that addresses both FS and EM, available in multiple languages, is essential for
achieving uniformity in training quality across the EU. This standardization would ensure
that all winery personnel, regardless of location, receive the same foundational
knowledge and updates on best practices. Additionally, increasing EU funding and
support for these training initiatives, particularly through the integration of digital
platforms, would enhance accessibility and enable broader participation across member
states. To ensure these training efforts are effective and evolve with industry needs,
establishing a framework for monitoring and evaluating their effectiveness is necessary.
This framework would help in continuously improving the training programs and

ensuring they align with the changing dynamics of the wine industry.

Strengthening regulatory compliance is another pivotal recommendation. Enhancing
enforcement mechanisms to ensure stricter adherence to environmental and food safety
regulations would mitigate risks and ensure all operations meet baseline safety and
sustainability standards. Supporting this enhancement, initiatives such as subsidizing
compliance software could assist smaller wineries in managing their regulatory
responsibilities more effectively. Additionally, offering tax incentives for wineries that
consistently meet or exceed compliance standards could foster a culture of compliance

and excellence.

Comprehensive sustainability planning is also recommended. Wineries should be
encouraged to integrate broader sustainability goals into their operational strategies.
This integration would promote alignment between short-term actions and long-term
environmental objectives, ensuring that sustainability becomes a core aspect of

operational planning and not just a peripheral activity.

For smaller wineries, which often face greater challenges due to resource constraints,
enhancing EU support is vital. This support could come in the form of grants, subsidies,
and technology-sharing initiatives that make sustainable practices more accessible.
Capacity-building programs focused on training, resource sharing, and collaborative

opportunities are particularly beneficial for these smaller entities. Facilitating access to
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affordable technology solutions can also play a crucial role in helping these wineries

enhance their sustainability and safety performance.

Encouraging the adoption or development of integrated certification programs that
address both FS and EM can further bolster sustainable practices. These certification
programs would serve as a benchmark for best practices and encourage wineries to meet

higher standards.

Support for research and development into best practices and technologies that
effectively integrate FS and EM is also critical. This support would ensure that the winery
industry remains at the forefront of sustainability practices. Additionally, promoting
stakeholder engagement across the industry is essential for fostering knowledge sharing

and collaboration on integrated management practices.

Developing partnerships between government bodies and winery associations to
facilitate ongoing education and training on regulatory changes is key. Creating a
centralized portal for EU winery regulations would simplify the process of staying
informed about current and upcoming legislation, aiding wineries in maintaining

compliance with ease.

Finally, the fourth objective (SO-4) has been achieved. The journey toward sustainability
in the EU winery sector, guided by the F2F Strategy, requires a comprehensive approach
that integrates FS and EM. By addressing the existing challenges and leveraging the
synergies between FS and EM, wineries can enhance their sustainability performance,
contributing positively to the broader goals of environmental conservation and food
security. The ongoing development of tools like the SM, that is composed of the
performance indicators of wineries in different components of sustainability in terms of
FS and EM, and supportive policies will be crucial in measuring progress and
incentivizing further improvements, ensuring the wine industry's alighment with the
evolving demands of consumers, regulators, and the global market for sustainable

practices.
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7 Future research

Finally, there is many opportunities to further study and delve into the methodology of
indicators calculation and its application to other sectors within the agroindustry. The SM,
currently utilized to assess FS and EM practices in wineries, provides a robust framework
that could be significantly enhanced by the inclusion of additional performance
indicators. By incorporating measures from economic, labour, and social domains, this
tool could evolve into a comprehensive tool for globally measuring the concept of
sustainability in wineries. This expanded approach would allow not only for the
assessment of environmental and safety impacts but also for an understanding of how
winery operations affect and contribute to the economic and social well-being of their
employees and local communities. Consequently, the SM would become an essential
instrument for winery managers aiming to optimize their practices towards a truly
sustainable business tool across all dimensions. This potential for expansion suggests
future research ways. Scholars and industry experts could explore the development of
these additional indicators and evaluate their applicability and effectiveness within the
matrix. Such research could provide valuable insights into the comprehensive impacts of
winery operations, leading to more informed and strategic decision-making in pursuit of
sustainability. Besides, the application of artificial intelligence (Al) based on machine
learning and neural networks emerges as a promising approach. These techniques have
the capability to enhance existing indicators by incorporating new attributes, aiming to
facilitate the prediction of sustainability. This process involves expanding predictive
capacity through the identification and evaluation of additional factors that impact
sustainability in this specific context. The deployment of these advanced methodologies
opens the door to a deeper and more precise understanding of sustainable aspects in the
operations of wineries and other agro-industrial entities, thereby providing a more

comprehensive and anticipatory approach to sustainability management in these sectors.
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Annexes

Annex A. Comprehensive Summary of Prior Research

» Food Safety and Sustainability—An Exploratory Approach at the Level of the
Romanian Wine production Companies. Epuran, G., Bratucu, G., Barbulescu, O,
Neacsu, N. A, & Madar, A. (2018). Amfiteatru Economic, 20 (47), 151-167. (Epuran,
Bratucu, Barbulescu, Neacsu, & Madar, 2018)

This article explores the implementation of sustainable development practices and
strategies in the wine industry and its relationship to FS. The study conducted qualitative
marketing research by interviewing fifteen managers from Romanian wine-producing
companies. The research aims to understand the willingness of these companies to adopt
marketing strategies that contribute to increasing food security and wine quality based
on sustainability principles. The article highlights the association between responsible
wine consumption, FS, and sustainability, emphasizing their importance in the European

Union and beyond.

The research findings indicate that while the principles of sustainability in the wine sector
are recognized, only one company partially addresses them from a strategic perspective.
Bio certifications are considered by nine out of fifteen managers, but the advantages
obtained are perceived as minor compared to the excessive costs and limitations
associated with them. The costs for bio-wine production are attributed to field practices
rather than ensuring quality and FS. Additionally, consumers do not associate eco-

labelling with sustainability, perceiving it more as a marketing action.

Regarding the use of modern technologies, the interviewed managers acknowledge the
emphasis placed on increasing FS and wine quality using Machine to Machine (M2M) and
Internet of Things (IoT) technologies. However, the European legislation in this regard is
considered burdensome and costly, leading to decreased competitiveness, especially for
smaller producers. Large companies have implemented monitoring stations for climatic
parameters and utilize M2M and IoT technologies, while smaller companies have limited

use of these technologies.

In terms of marketing strategies, various techniques are employed, including sommelier
promotion, online presence, tastings, participation in fairs, and collaborations with
associations and producers. The article also mentions winery tours, virtual tours, and
modern marketing techniques such as websites, blogging, and online stores. Different
strategies are used to strengthen the perception of FS, such as personalized labelled wines
for corporate events, the establishment of clubs, and associations with reputable

organizations like the Royal House of Romania.
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The study highlights the correlation between wine consumption, FS, and elements of
education, culture, and civilization. The managers emphasize that wine should be
consumed in limited quantities and promote its consumption in a cultural and educational
context. They relate wine consumption to events, institutions, and traditions associated
with wine, emphasizing the importance of continuous education in this field. The article
concludes that FS, sustainability, and strategic approaches vary in importance among
wine-producing companies in Romania. While some steps have been taken, the strict
observance of environmental regulations presents economic, financial, and social
obstacles to achieving long-term environmentally friendly or bio-friendly wine

production.

Summarizing, the article examines the willingness of wine industry managers to adopt
marketing strategies that enhance food security and wine quality within the context of
sustainable development. It discusses the challenges and benefits associated with
sustainability practices, the use of modern technologies, marketing techniques, and the
connection between wine consumption, FS, education, culture, and civilization. The
research contributes to a comprehensive understanding of the complex relationship

between FS and sustainability in the wine industry.

» Sustainability in the global wine industry: Concepts and cases. Gilinsky Jr, A,
Newton, S. K., & Vega, R. F. (2016). Agriculture and agricultural science Procedia, 8,
37-49. (Gilinsky Jr, Newton, & Vega, 2016)

This paper explores the relationship between sustainability and the wine industry,
emphasizing the importance of leaving the land in better shape for future generations.
The global wine industry, consisting mostly of small-medium enterprises, faces
environmental challenges such as rising energy prices, water scarcity, chemical exposure
concerns, and climate change. The adoption of sustainable practices can mitigate these
threats and lead to product innovation, pollution prevention, and stewardship of natural
resources. The incorporation of EMS is one aspect of the broader sustainability strategy

adopted by wine businesses.

it highlights that sustainable processes and products can provide a competitive advantage
and improve business performance. However, incumbent businesses may resist adopting
sustainable systems due to concerns about cannibalizing existing product lines. On the
other hand, younger and entrepreneurial agricultural businesses show a propensity for
investing in sustainable innovations. The goal of a sustainable wine business is to achieve
a "sweet spot" where environmental and social impacts are minimized while maintaining

financial viability.
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Besides, it outlines three elements of a triple-bottom-line strategy for sustainable wine
businesses: social stewardship, environmental stewardship, and financial stewardship.
Social stewardship involves fostering a shift in the company's social attitude towards the
environment and its inhabitants. Environmental stewardship entails implementing
practices and policies with positive environmental impacts, including EMS, energy
conservation, and reduced carbon footprint. Financial stewardship aligns these concepts
with an overarching framework that capitalizes on the positive benefits, such as better

margins and reduced operating costs.

Research also emphasizes the learning objectives, including broadening the
understanding of sustainability in the wine industry, developing metrics for
benchmarking wine business sustainability, analysing, and comparing wine businesses
using sustainability benchmarks, and providing practical experience in evaluating

sustainable strategies through case studies.

The four case studies presented in the paper illustrate different regional approaches and
decisions made by wineries to ensure their sustainability. These case studies offer
longitudinal evidence and highlight the diverse strategies employed by wine businesses
in becoming sustainable. While limitations in case availability prevent a comprehensive
representation, the studies shed light on the practices and challenges faced by wineries in
their sustainability journey.

In conclusion, Gilinsky Jr's (2016) research provides compelling evidence for the
emergence of sustainable wine businesses on a global scale. The study emphasizes the
significance of EMS as a valuable tool for implementing environmental sustainability

practices within the wine industry.

> What is sustainability in the wine world? A cross-country analysis of wine
sustainability frameworks. Flores, S.S. (2018). Journal of cleaner production, 172,
2301-2312. (Flores, 2018)

This research emphasizes the significance of sustainability in the wine industry and
highlights the role of EMS, such as ISO 14001, in promoting sustainable practices. It
acknowledges the increasing demand for sustainability from customers and markets and
the need for continued progress in addressing sustainability challenges. The article
recognizes the threats posed by sustainability issues like climate change, chemical
exposure, and water and energy availability, while also acknowledging the competitive

advantage and market strategy that sustainability can provide.

Empirical studies show that customers value sustainable winemaking practices and are

willing to pay higher prices for sustainable products. Producers also benefit from
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adopting sustainable practices, particularly in terms of environmental improvement and
economic efficiency. While economic results may be more favourable for stakeholders,

internal motivation is a significant driver for producers to adopt sustainability practices.

It highlights the official documents and frameworks provided by the OIV as a foundation
for defining sustainable viticulture. These frameworks encompass environmental, social,
economic, and cultural aspects of sustainability in the wine industry. Wine regions have
also developed their own frameworks to adapt sustainability practices to local contexts
and address specific issues. Sustainability assessment and frameworks play a crucial role
in translating sustainability principles into practice.

The article categorizes sustainability frameworks into six types, including self-
assessment, footprint, protocol, guide, and certification or label. These frameworks
provide a comprehensive view of sustainability issues and support decision-making,

management processes, and continuous improvement in sustainability performance.

Besides, it describes a study that analyses sustainability frameworks in the wine industry.
The study employs a qualitative method and collects data from literature reviews,
document searches, and expert consultations. It is divided into two phases: an exploratory
study to select reference countries and frameworks, and a content analysis of the
sustainability frameworks. The selected frameworks represent a diverse range of
geographical distribution and production profiles, including both "New World" and "Old
World" wine producers. The analysis focuses on identifying common trends, guidelines,
and indicators used to measure sustainability, as well as evaluating the structure,

governance, and learning potential of the frameworks.

In conclusion, it underscores the need for sustainability in the wine industry and
highlights the role of EMS and frameworks in promoting sustainable practices. It
discusses customer perception, advantages for producers, official definitions and
frameworks, and the variety of sustainability assessment tools available. The article also
presents the findings of a study that analyses sustainability frameworks, providing
insights into their characteristics and potential for improvement. It emphasizes the
importance of context-specific sustainability initiatives and the need for further research

to enhance understanding and effectiveness in the wine industry.

» Qualitative evaluation of three ‘environmental management systems’ in the
New Zealand wine industry. Hughey, K. F., Tait, S. V., & O'Connell, M. J. (2005).
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Journal of Cleaner Production, 13(12), 1175-1187. (Hughey, Tait, & O'Connell,
2005)

This research presents a comparative evaluation of three EMS used in the New Zealand
wine industry: Sustainable Winegrowing New Zealand (SWNZ), ISO 14001, and Bio-Gro.
The study aims to assess the strengths and performance of these systems in terms of
sustainability considerations, implementation, marketing, and their relationship with

broader aspects of EM in New Zealand.

The evaluation reveals that each EMS system has its own strengths, and there is no clear
superiority of one system over the others. However, the implementation of an industry-
specific system like SWNZ, in combination with a generic process-based system like ISO
14001, contributes to the development of a more sustainable wine industry. The study
emphasizes the importance of considering economic, environmental, and social factors,
as well as the specific characteristics of the New Zealand wine industry, when evaluating
EMS performance.

The article highlights the need for companies and the industry to identify unsustainable
practices and set short-term goals toward long-term sustainability. It also addresses
challenges and criticisms related to the implementation and effectiveness of these EMS
systems, such as the lack of eco-labelling for SWNZ-accredited companies and the
confidentiality of environmental information in ISO 14001.

it discusses the results of a survey on the environmental and social effectiveness, business
implications, system issues, and environmental sustainability of different certification
systems used in the New Zealand wine industry. The survey found that SWNZ, ISO 14001,
and Bio-Gro companies had varying levels of improvement in areas such as spray usage,
soil and sward management, waste reduction, accountability, staff safety, and chemical

leaching.

The reasons for choosing each system varied, with SWNZ chosen for its progressive and
appropriate nature, industry support/recognition, flexibility, and sustainability
outcomes; ISO 14001 chosen for its flexibility, choice in targets, accountability, and
processes; and Bio-Gro chosen for compatibility with company philosophy, ambitious

standards, organic branding, and sustainability.

This article emphasizes the importance of sustainable management in the context of New
Zealand's environmental legislation and suggests that integrating EMS systems with
Triple Bottom Line reporting could strengthen the promotion of sustainability in the wine

industry. The article also discusses the potential policy implications, such as introducing
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legislation to require EMS adoption and further promoting sustainability through

industry-wide strategies.

In conclusion, the study highlights the advantages and disadvantages of different EMS
systems used in the New Zealand wine industry and emphasizes the need for a broader
industry-wide strategy to promote sustainability. The findings provide valuable insights
for policymakers and businesses seeking to implement EMS in the wine industry and

maintain the industry's clean and green image.

> An Exploratory Study of the Sustainable Practices Used at Each Level of the
Bordeaux Wine Value Chain. Tahon, C., & Batt, P.]. (2021). Sustainability, 13(17),
9760. (Tahon & Batt, 2021)

The article examines the environmental and socially sustainable practices in the Bordeaux
wine value chain (WVC) and explores the alignment of different actors in terms of their
beliefs and implementation of sustainable practices. The study finds that environmentally
sustainable practices are more developed and widely adopted by most actors in the WVC
compared to socially sustainable practices. Wine grape growers focus on soil
management, reducing the use of phytosanitary products, water management,
biodiversity preservation, and minimizing CO2 emissions. They employ techniques such
as adding organic matter to the soil, using on-farm meteorological stations, and
implementing integrated pest control methods. Wineries focus on reducing energy
consumption through LED lighting systems, solar panels, and improving the cooling of
wine tanks. Water management, packaging sustainability, and shorter distribution chains

are also identified as important sustainability practices.

The use of EMS is implied in the article, as it discusses various practices employed by
different actors in the Bordeaux wine value chain to promote sustainability. These
practices align with the core principles of EMS, which involve identifying and managing
environmental aspects, complying with regulations, and continuously improving
environmental performance. Wine grape growers and wineries implement practices such
as reducing the use of phytosanitary products, minimizing CO2 emissions, and employing
sustainable water management techniques. These actions demonstrate an initiative-
taking approach towards environmental sustainability and indicate the potential use of

EMS in guiding and formalizing these practices.

This research also highlights the importance of shorter distribution chains to reduce CO2
emissions and improve control over pricing, which aligns with the concept of sustainable
supply chain management. Distributors express an interest in nonconventional
agricultural practices and prefer wines that adhere to biodynamic or organic agriculture

principles. This emphasis on sustainable production methods suggests a potential
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application of EMS in ensuring the selection and sourcing of sustainable suppliers within
the value chain. Overall, the article underscores the relevance of EMS and sustainability
practices in the Bordeaux wine industry, emphasizing the need for ongoing efforts to
achieve both environmental and social sustainability throughout the value chain.

» Food Security, Safety, and Sustainability—Getting the Trade-Offs Right.
Vagsholm, 1., Arzoomand, N. S., & Boqvist, S. (2020). Food security, safety, and
sustainability—getting the trade-offs right. Frontiers in Sustainable Food Systems,
16. (Vagsholm, Arzoomand, & Boqvist, 2020)

This research text highlights the interconnectedness of FS, food security, and
sustainability in achieving a sustainable future. It emphasizes the need to align the goals
of FS and security to achieve United Nations sustainable development goals. Various
approaches, such as reducing food waste and shifting towards plant-based diets, are
discussed as potential solutions. The complexity of food chains and the importance of a
One Health approach to assess trade-offs and address public health, sustainability, and FS
issues are stressed. The introduction also mentions the emerging concern of food fraud.
The paper aims to explore and discuss trade-offs among these aspects, following the food

recovery hierarchy outlined by the US Environmental Protection Agency.

Sustainable food security is a multifaceted challenge. It involves ensuring food
availability, access, nutrition, safety, and stability. Threats to food security include limited
access to safe and nutritious food, rising food prices, and social unrest. As the global
population grows, addressing this challenge requires changes in food supply chains and
reducing food waste. Additionally, diverting edible crops to biofuel production and food
price speculation are concerns. Urbanization complicates food security, as urban

populations rely on purchasing food and are vulnerable to price fluctuations.

FS and environmental sustainability are critical considerations. Ensuring FS is important,
but it should not lead to unnecessary food wastage. Balancing environmental
sustainability with social and economic goals is essential. Managing trade-offs between

these objectives is key to addressing sustainable food security effectively.

Also, food losses and waste have significant implications for both food security and
sustainability. Approximately one-third of the food produced globally is lost or wasted,
resulting in substantial economic, environmental, and social costs. These losses not only
represent a major business opportunity but also contribute to resource inefficiencies and
greenhouse gas emissions. Addressing food loss and waste is crucial for ensuring food
security, reducing environmental impacts, and achieving sustainability goals. Strategies
such as using advanced technologies (e.g.,, Al and sensors), improving labelling, and

adopting blockchain technology can help reduce food waste, enhance FS, and streamline
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the food supply chain. Additionally, a shift in perspective is suggested, treating food
security as an "insurance question" to minimize food waste and ensure a sustainable

future.

Intensification of food production must be in line with long-term sustainability goals.
Sustainable agriculture and aquaculture should operate within environmental
boundaries and consider ecological dimensions, resource footprints, social dimensions,
and food security. To address the challenges of a growing global population and shrinking
arable land, various strategies are proposed, including reducing food losses during
production, shifting to novel animal proteins, and focusing on animal nutrition and
disease prevention. Additionally, the text emphasizes the unsustainable use of
antimicrobials in food production, which contributes to antimicrobial resistance (AMR)
and poses risks to public health. To ensure sustainability, efforts should be directed
toward improved animal welfare, biosecurity, preventive medicine, and the prudent use

of antimicrobials in both human and veterinary medicine.

Circular food production systems have several facets, with a primary emphasis on FS. It
encompasses the processes of redistributing, reprocessing, and recycling food,

emphasizing key aspects:

In the realm of food redistribution, efforts are made through food banks and donation
programs to assist disadvantaged groups, yet concerns arise as donated food approaches
its expiration date, raising questions about safety. Liability issues, notably those linked to
foodborne illnesses, can deter potential donors. Some countries have introduced
protective legislation to encourage contributions. Effective food donation programs have
the potential to mitigate hunger among vulnerable communities, but they often grapple
with resource limitations for transportation and storage. The integration of artificial
intelligence, such as neural networks, can enhance the prediction of food supplies. It is

imperative that FS remains a cornerstone for the success of food donation initiatives.

Reprocessing food items nearing their "best before" or "use by" dates is a strategy to
reduce waste and bolster sustainability. Repurposing food waste into animal feed can
optimize resource usage but necessitates careful treatment to eliminate potential
pathogens. An innovative approach involves using insects to recycle food waste, although
this raise concerns related to bacteria, heavy metals, and allergic reactions, necessitating
further research to manage safety risks effectively. Circular food production systems hold
promise, reducing waste and environmental impact. However, they also introduce new
risks, particularly concerning diseases in animal feed. The “mad cow disease” (BSE)

outbreak in the United Kingdom serves as a sobering example, highlighting the
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importance of managing biological and chemical hazards, maintaining public trust, and

addressing delays in implementing control measures.

Circular food production systems offer significant benefits but require meticulous
management of FS and public trust. Valuable insights from past outbreaks like BSE can

offer invaluable guidance in their development and implementation.

Strategies for recovering energy and nutrients from food losses, waste, and byproducts,

with a focus on their implications for sustainability, food security, and FS.

One strategy involves recovering biogas and nutrients from animal manure, presenting a
potential win-win situation for sustainability and food security. However, it comes with
FS risks, especially when dealing with concentrated manure from poultry and pig farms,
which could harbour pathogens like the avian flu virus. Different methods like
composting, anaerobic digestion, and ammonia treatment are available for nutrient and
energy recovery, each with its own advantages and disadvantages. Controlling pathogens
in fertilizer production primarily depends on time-temperature profiles and ammonia

content.

Biofuel production, including biogas, bioethanol, biodiesel, and biobuthanol, offers
another avenue for energy recovery. To ensure sustainability, substrates for biofuels
should not compete with human food or animal feed. However, the link between oil and
food prices raises concerns about food security and social sustainability when edible

foods are diverted into biofuel production.

While incineration and landfills are considered fewer desirable strategies, incineration
can be a sustainability option in developing countries with energy poverty, using food
waste as a local energy resource. In contrast, landfills have large environmental footprints

and pose biosecurity and FS risks due to vermin presence.

These strategies for recovering energy and nutrients from food-related waste involve
trade-offs between FS, sustainability, and food security, highlighting the need for careful

consideration and case-specific approaches.

In conclusions, feeding ten billion people in 2050 sustainably will require changes of our
food chains. Changing of our food demand to more plant-based diets could help as half of
the world's cereal production ends up as animal feed while only around one third is for
human nutrition. The future diets might align with recommendations of the EAT-Lancet
report, but with local adaptions. For example, the beef, mutton, and milk produced from
pastoral farming systems will remain. The ecosystem benefits of open landscapes should
give further incentives for pastoral farming practices. Moreover, seafood produced

through farming and in circular systems could supply high quality proteins wherever this
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production is feasible. Another major source of food supply could emerge if the 30% of
food produced that is now lost or wasted, could become available for human consumption.
Source reduction and reprocessing of foods are the best options to eliminate food waste
or loss. One example of sustainable intensification and source reduction could be
intensifying the harvest of vegetable crops to double the output with the same footprint.
This will require consumers and food businesses to adapt their quality requirements and
specifications. If the global food systems could change in this direction, the global food
security will improve and be more resilient. Using modern IT technology offers the best
promise of more efficient source reduction, reprocessing, and recycling of food.

It is, however, vital to get the trade-offs right between FS, food security and economic,
social, and environmental sustainability. These trade-offs should be evidence and risk
based. Good intentions will not compensate for failures as shown by the failed use of
antimicrobials to achieve food security through intensifying food production. A veterinary
medicine and food value chain not requiring antimicrobials is therefore a necessary aim
for research and innovation. The transition of animal production from intensive cereal-
based farming to more extensive pastoral farming will imply changes to veterinary
medicine. For example, nutritional supplements and control of parasites may become
bigger concerns than diseases related to rapid growth. In conclusion, the trade-offs and
subsequent decisions regarding FS, food security, and sustainability are not trivial and

should be evidence based.
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Annex B. Survey Case Study One

Survey for the Analysis of Implementation and Deployment of HACCP System in
Wineries Producing Red Wine. *Indicates that the question is mandatory.

Email Address*
G.0 What is your annual production level of young red wine? Mark only one oval.

up to 25,000 litres/year

between 25,001 and 100,000 Liters/year
between 100,001 and 250,000 litres/year
between 250,001 and 500,000 Liters/year
more than 500,001 litres/year

O O O O O

G.1 Do you have implemented a prerequisite program according to the food hygiene
legislation? *. Mark only one oval.

oYes /oNo
G.2 Indicate which type of prerequisite plans you have implemented*. Select all that apply.

[] G.2.1 Maintenance of premises, facilities, and equipment
[] G.2.2 Good Manufacturing Practices Plan

[1 G.2.3 Cleaning and disinfection plan

[] G.2.4 Waste control plan

[J G.2.5 Pest control plan

[1 G.2.6 Control plan for water supply

[] G.2.7 Traceability control plan

[1 G.2.8 Supplier control plan

[1 G.2.9 Allergen control plan

[] G.2.10 Worker training plan

G.3 Do winery operators have training related to good viticulture practices (BPV)?*. Mark
only one oval.

o No operator has BPV training.
o More than half of the operators have BPV training.
o All operators have BPV training.

G.4 Do winery operators know the prerequisite plans implemented in the winery? *. Mark
only one oval.

o No operator is aware of the implemented prerequisite plans.
o More than half of the operators are aware of the implemented prerequisite plans.
o All operators are aware of the implemented prerequisite plans.

G.5 Does the winery have a specific annual budget for the execution of the prerequisite
plans? *. Mark only one oval.
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o The winery does not have any annual budget for this matter.
o The winery carries out plans as needed but does not have a detailed annual budget.
o The winery has a detailed annual budget, which it executes in a planned manner.

G.6 Does the winery have implemented a Hazard Analysis and Critical Control Points
(HACCP) System? *, Mark only one oval.

oYes /oNo
Harvest and Transportation

2.1 Are periodic inspections carried out in the vineyards prior to the harvest? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

2.2 Are inspections conducted in the vineyards during the harvest to control hygiene
measures during this stage? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

2.3 Is the time taken to transport grapes destined to produce red wine measured from the
vineyard to the winery? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
Receipt of the harvest at the winery

3.1 Is the measurement of residues of fungicides and/or pesticides in grapes destined to
produce red wine carried out when received at the winery? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
3.2 Is the presence of mycotoxins from rotting grapes checked? *. Mark only one oval.
Never (0) / Hardly ever (1) / Usually (2) / Always (3).

3.3 Is the presence of contamination by metals (Cadmium, Lead, Arsenic) in grapes
checked? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

3.4 Is the presence of contamination by vegetable residues, dust, and /or metallic elements
in grapes checked? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

Pre-fermentation Treatments
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4.1 Is the cleanliness of tanks controlled to eliminate residues of microorganisms? *. Mark
only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

4.2 Is the absence of cleaning and disinfection products from performing these tasks in
the tanks controlled? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
Grape Crushing and Paste Pumping

5.1 Is it controlled that the maintenance time of the must in the crusher is less than two
hours? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

5.2 Is the cleanliness of the crushing equipment controlled with a frequency not exceeding
two days? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

5.3 Is the absence of cleaning and disinfection products from performing these tasks in
the tanks, press, and/or pumping equipment controlled? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

Sulfiting and Fermentation

6.1 Is the safety and purity of additives controlled? *. Mark only one oval.
Never (0) / Hardly ever (1) / Usually (2) / Always (3).

6.2 Is the absence of microorganisms in the equipment and tanks controlled? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

Alcoholic Fermentation, Maceration, Racking, Pressing of Grape Pomace, Malolactic
Fermentation, and Finishing Fermentation

7.1Is the concentration of ethyl carbamate in the fermented must controlled? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

7.2 Is the concentration of Sulphur dioxide in the fermented must controlled? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
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7.3 Is the purity and safety of yeasts controlled? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

7.4 Is the temperature controlled during fermentation? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

7.5 Is the pH of red wine controlled during malolactic fermentation? *. Mark only one oval.
Never (0) / Hardly ever (1) / Usually (2) / Always (3).

7.6 Is hygiene controlled during racking and pressing operations? *. Mark only one oval.
Never (0) / Hardly ever (1) / Usually (2) / Always (3).

7.7 Is the cleanliness of pressing equipment controlled with a frequency not exceeding
two days? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
Racking, Clarification, and Filtration

8.1 Are the cleaning procedures for tanks and racking equipment controlled? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

8.2 Are the maintenance and cleaning procedures of the facilities controlled during the
racking stage? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

8.3 Is the purity and safety of the agents used as clarifiers in red wine controlled? *. Mark
only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

8.4 Is the absence of residues from the agents used as clarifiers in red wine controlled? *.
Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

8.5 Is the absence of foreign elements from the filters in red wine controlled? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

8.6 Are hygiene operations controlled during clarification and filtration operations? *.
Mark only one oval.
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Never (0) / Hardly ever (1) / Usually (2) / Always (3).

8.7 Is the absence of cleaning and disinfection products from racking, clarification, and
filtration tasks in tanks and/or equipment controlled? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
Cold Stabilization

9.1 Are the limit concentrations of metals (traces of As, Cu, Pb) in red wine controlled? *.
Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

9.2 Is it controlled that the additives used are those allowed by current food legislation?
*. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

Bottling and Labelling

10.1 Are bottle cleaning procedures controlled? *. Mark only one oval.
Never (0) / Hardly ever (1) / Usually (2) / Always (3).

10.2 Are maintenance and cleaning procedures for the red wine bottling line controlled?
*. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

10.3 Is there microbiological control of the red wine bottling line and bottles? *. Mark only
one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).

10.4 Is it controlled that the cork or similar plug used for closing the bottles has
undergone microbiological control? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
10.5 Is it controlled that the label used is correctly coded? *. Mark only one oval.
Never (0) / Hardly ever (1) / Usually (2) / Always (3).

10.6 Is it controlled that the label used correctly describes mandatory information about
allergens? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
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10.7 Is it controlled that the label used correctly describes information about the
Denomination of Origin Vinos de Madrid? *. Mark only one oval.

Never (0) / Hardly ever (1) / Usually (2) / Always (3).
Application of HACCP Principles

11.1 Have the winery's managers set objective and critical limit levels for each of the
identified critical points? *. Mark only one oval.

o No, for none of them.

o Yes, but only for those where applicable mandatory regulations exist.

o Yes, for each and every one of them following applicable mandatory regulations
and/or professional technical recommendations.

11.2 Has the winery established a monitoring system for critical control points? *. Mark
only one oval.

oYes /o No

11.3 If a CCP monitoring system is established, what checking methods are used? *. (Check
all that apply from the following list). Select all that apply.

Visual observation

Sensory evaluation (smell, taste, aroma, texture)

Physical determinations (Temperature, Relative humidity, pH)
Chemical analysis

Microbiological analysis

O O O O O

11.4 Does the winery have a written monitoring program detailing the surveillance
activities of hazards and their CCPs at each stage of red wine production? *. Mark only one
oval.

oYes /oNo

11.5 Does the winery have a written procedure for establishing corrective measures to be
applied in case of deviations in each critical control point (CCP? *. Mark only one oval.

oYes /oNo

11.6 Does the winery have a procedure for verifying the effectiveness of the CCP control
system? *. Mark only one oval.

oYes /oNo
11.7 Ifyes, does this verification procedure detail the frequency of control for each critical
control point (CCP) and the responsible person in charge of performing it? *. Mark only

one oval.

oYes /oNo
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11.8 If yes, please indicate which people participate in verifying the effectiveness of the
CCP system. Check all options that apply.

Winery owner

Winery manager

Quality manager or similar
Winemaker

Operators

Others

O O O O O O

11.9 Does the winery conduct an annual internal audit of the Critical Control Points and
Control Analysis (CCP)? *. Mark only one oval.

o No
o Yes, but with a frequency greater than one year.
o Yes, annually.

11.10 Does the winery have a record and documentation system for the HACCP system?
*. Mark only one oval.

o There are no records or written documents.

o Yes, there are records and written documents, but they are not complete or not
updated periodically.

o Yes, there is a complete and periodically updated record and documentation system.

11.11 Ifyes, what documents does the winery's HACCP system contain? (Check all options
that apply.)

List of HACCP system team members

Description of stages and production process of red wine
Analysis of hazards and determination of preventive measures
Identification of Critical Control Points (CCP)

Surveillance program containing surveillance activities
Corrective measures procedure

Results of verifications and internal audits

Document and record management procedure

Records generated by the HACCP system.

O O OO OO OO0 O0o
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Annex C. Survey Case Study Two

Analysis of wineries performance about Critical Control Point related to risk
control contamination by arsenic, cadmium, and lead in grapes/wines during
winemaking.

* Obligatory

General data of the winery

G.1 What is your annual level of red wine production? * (Mark only one)
up to 25,000 litres/year

between 25,001 and 100,000 litres/year

between 100,001 and 250,000 litres/year

between 250,001 and 500,000 litres/year more than 500,001 litres/year

G.2 Do you have a prerequisite program in place, according to the legislation on food
hygiene? * (Mark only one)
Yes / No

G.3 Does the winery have a Critical Point Analysis System in place and Control (HACCP)?
* (Mark only one)
Yes / No

G.4 How many people work in wine production operations in the winery? *

G.5 Do winery workers have training about good manufacturing practices (GMP)? * (Mark
only one)

No worker has GMP training.

More than half of workers have GMP training.

All workers have GMP training.

G.6 Do winery workers have control training and monitoring of critical points (CCPs)? *
(Mark only one)

No worker has training in control and monitoring of CCPs.

More than half of workers have training in control and monitoring of the CCPs.

All workers have training in control and monitoring of the CCPs.

Information available on arsenic, cadmium and leads in the raw material (Critical Control
Point)

ID 1. The winery has identified the legislation relating to food contamination by: (check
all those you consider).

Arsenic / Cadmium / Lead

ID 2. The winery uses the updated information available from the Spanish Agency for Food
Safety and Nutrition (AESAN) on heavy metals food risk. * (Mark only one)

Yes / No

CS 1. Does the winery have information related to physic-chemical analysis of where do

the grapes used in winemaking come from? * (Mark only one)
Yes  (Skip to question 11) / No
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CS 2. Does the winery have information on the fertilizers used in the fertilization of the
soil from which the grapes used in winemaking come from? * (Mark only one)
Yes / No

Information available of the concentration of arsenic, cadmium, and lead in the soil

CS 3. The available information on the analysis of vineyard arable soil holds data on:
Select all that apply.

Total Arsenic Concentration in Soil
Concentration of Arsenic Available in Soil
Total Cadmium Concentration in Soil
Cadmium Concentration Available in Soil
Total Lead Concentration in Soil

Lead Concentration Available in Soil

Soil pH

Electrical conductivity of the soil

Control of the raw material (analysis procedures in the winery)

CB 1. Does the winery have its own laboratory to perform chemical analysis of grapes and
wines? * (Mark only one)
Yes / No

CB 2. If you do NOT have your own laboratory, do you use an external laboratory to
perform chemical analysis of grapes and wines? * (Mark only one)
Yes / No

CB 3. Does the warehouse have the technology and personnel to perform metal analysis
using atomic absorption spectrometry? * (Mark only one)
Yes / No

CB 4. If you do NOT have your own laboratory, do you use an external laboratory to
perform metal analysis using atomic absorption spectrometry on grapes and wines? *
Yes / No

Professional profile that performs the survey

You can tell us about your job inside the winery. (Mark only one)
Owner

Director/Manager

Winemaker

Winery Operator

Administrative/management/commercial staff

Other
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Annex D. Survey Case Study Three

Environmental management system questionnaire (Italy)
* Obligatory

1.
2.
3.

7

that ap

O O O O O O O O O

O 0O O OO OO0 O0oOO0o O O O O OO

O O O O

Company name*
E-mail address *
S1.1 Annual production capacity. Mark only one oval.

Less than 50,001 litres/year.

50,001 litres/year - 100,000 litres/year.
100,001 litres/year - 250,000 litres/year.
250,001 litres/year - 1,000,000 litres/year.
More than 1,000,000 litres/year.

S1.2 Number of employees. Mark only one oval.

< 10.

10 to 49.
50 to 249.
250.

S1.3 Job position in the company. Mark only one oval.

General Manager.

Owner Manager.

Ecological Manager.

Administration Officer.

Vineyard Manager Executive Director.
Other

S2.1 Whatare the company's main environmental objectives? Select all that apply.

Electricity consumption reduction.

Water consumption reduction.

Land use reduction.

Greenhouse gas emissions reduction.

Other gases emissions reduction.

Waste production reduction.

Use of raw materials reduction.

Substances releasing into the soil reduction.
Other

S2.2 Does the company have any of the following areas/departments? Select all
ply.

Environmental Management.
Leadership.

Planning of environmental objectives.
Environmental risk and opportunities.
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10.

O O O O O O O O O O O

O O O O O O

Resources and environmental support.

Communication.

Operation and environmental control.

Emergency response.

Monitoring, analysis, and evaluation of EMS performance.

S2.3 What is the company's internal communication strategy? Select all that apply.

Website.

Email.

Social media (Facebook, Instagram etc.).
Newsletters.

Internal staff site.

Other

S2.4 What is the company's external communication strategy? Select all that apply.

Website.

Social media (Facebook, Instagram, etc).
Newsletters.

Advertisement.

Marketing campaigns.

Other

S2.5 Does the company disclose environmental information to any stakeholders?

Select all that apply.

11.

O O O O O O

Clients.

Ecology associations.
Public administrations.
Suppliers.

Shops.

Other

S3.1 Has the organization clearly identified the Environmental Director in the

company? Mark only one oval.

12.

@)
@)

Yes.
No.

S3.2 How often does the senior management review the organization’s

environmental management system? Mark only one oval.

13.

O O O O

At least every six months.
Annually.

Over a year.

Never.

S3.3 Has the company established processes to achieve annual environmental

results? Mark only one oval.
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15

policy?

16.

O O O O O

Yes.
No.

S4.1 Has the company established an environmental policy? Mark only one oval.

Yes.
No.

S4.2 How does the company communicate and/or promote its environmental
Select all that apply.

Website. Newsletter. Social Media. Advertisement.
E-mail promotional. Marketing campaigns.
Courses

None of these

Other

S4.3 Does the company's environmental policy include any of these commitments?

Select all that apply.

17.

O O O O O O OO0

Reduce use of water.

Reduce use of fossil combustible.

Control of electricity use.

Reduce of fertilizers and pesticides use.
Reduce of gas emissions.

Increasing land use efficiency.
Improvement in packaging (glass bottles).
Improvement in wines distribution.

S4.4 What aspects of the life cycle are included in environmental policy? Select all

that apply.

18.

19.

O O O O O O O

Environmental impacts of the supply chain.
Environmental impacts of product use.
Environmental impacts of waste generation.

S3.4 Who is responsible for environmental management? Mark only one oval.

0 General Manager
0 Environmental Manager
0 Administrative Manager
0 Vineyard Director

0 Executive Director
Other:

S5.1 Considering that wineries have a high energy consumption, what actions or

measures does the company take to reduce the environmental impact?

20.

S5.2 Wineries generate a lot of solid waste which, once disposed of, has a high

environmental impact. How is this high amount of waste managed?

226



Annexes

21.  S5.3 Wineries generate gases that are usually impregnated with fruit or machinery.
What processes should be in place to reduce these emissions and therefore generate less
impact?

22. S6.1 Has the company prepared plans to prevent or mitigate negative
environmental impacts resulting from emergency situations? Mark only one oval.

o Yes.
o No.

23.  6.2If so, which environmental emergency is the company prepared for? (Select one
or more). Select all that apply.

Fire

Water uncontrolled discharge with cleaning product or organic matter residues.
Water drains with chemical contaminants.

Landfilling of waste and/or abandoned waste.

Leakage of dangerous substances.

Other

O O O O O O

24.  S6.3 Does the company periodically review planned response actions for
emergency situations? Mark only one oval.

At least every six months.
Annually.

Over a year.

Never.

O O O O

25.  S7.1 Does the organization have documented information to demonstrate that
monitor, measure and evaluate its environmental performance? Mark only one oval.

o Yes.
o No.

26. S7.2 How does the organization record information to demonstrate that it
evaluates the effectiveness of its environmental management system? Select all that

apply.

Data records.

Reports.

Technical Instructions.
Procedures.

None of these.

Other.

O O O O 0O O

27.  S7.3 How often does the company create and update documented information
consistent with its environmental management system? Mark only one oval.

o Atleast every six months.
o Annually.
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@)
@)

28.

Over a year.
Never.

S9.2 Does the company have legal requirements from government bodies or other

relevant authorities in relation to environmental impacts? Mark only one oval.

©)
@)

29.

Yes.
No.

S8.1 Is training offered to staff on environmental management systems? Mark only

one oval.

@)
@)

30.
oval.

O O O O

31.

Yes.
No.

S8.2 If so, how often do staff take these environmental trainings? Mark only one
At least every six months.

Annually.

Over a year.

Never.

S8.3 How many workers have already undergone environmental management

training? Mark only one oval.

O O O O

32.

Less than 25%
Between 25 - 50%
Between 50 - 75%
More than 75%

S9.3 What method does the organization use to carry out risk analysis? Mark only

one oval.

@)
©)
@)

33.

Quantitative method
Qualitative method
None

S9.4 What method does the organization use to perform the opportunity analysis?

Mark only one oval.

@)
@)
@)

34.

Quantitative method

Qualitative method

None

S10.1 Has the company certified its EMS with ISO 14001:2015? Mark only one oval.

Yes.
No.
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