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Abstract

The increasing demand for sustainably produced food has intensified interest in fermented
milk products, such as yoghurt, which combine nutritional value with environmental and
ethical considerations. However, the authenticity of sustainability claims in this sector re-
mains contested, raising concerns about consumer trust and regulatory clarity. This review
examines the role of certification and labelling in verifying and communicating the sustain-
ability of fermented milk products. The analysis covers regulatory frameworks, consumer
perceptions, and the potential of digital tools to improve transparency. Findings highlight
inconsistencies in defining key terms such as organic, probiotic, and carbon-neutral, which
hinder certification harmonization. Complex labels and allergen declarations can reduce
clarity and trust, while overlapping or vague eco-labels risk contributing to consumer
confusion and skepticism. Despite this, credible certifications still enhance purchase in-
tent. Modern technologies, including blockchain traceability, interactive QR codes, and
digital product passports, offer new ways to reinforce trust, though implementation costs
and regulatory gaps remain barriers. This review concludes that effective sustainability
communication must integrate robust certification schemes with simplified, transparent
messaging. Harmonized standards, improved label design, and consumer education are
essential to support informed choices and foster trust in sustainable dairy.

Keywords: sustainable fermented milk products; labelling; certification; product authentic-
ity; customer behavior; innovations in labelling

1. Introduction
In recent years, the global food industry has experienced major changes driven by

environmental awareness, shifting consumer expectations, and intensified scrutiny of
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sustainability practices [1,2]. This trend is especially visible in the dairy sector, where fer-
mented products such as yogurt, kefir, and cultured buttermilk exemplify the link between
nutrition and environmentally conscious consumption [3–5]. As consumers increasingly
value naturalness, locality, animal welfare, and ecological stewardship, “sustainability” has
expanded to include social equity, economic viability, and cultural authenticity, alongside
environmental impacts [6,7]. With their historical roots, functional benefits, and low-impact
potential, fermented dairy products are central to sustainability debates in academia and
policy [8,9]. The growing role of sustainability in consumer choices creates challenges in
verifying and communicating claims about authenticity and environmental impact [10].
As food systems become more globalized and technologically complex, the information
gap between producers and consumers widens. Certification and labelling have thus
become key tools for assuring consumers of production methods, provenance, ingredient
integrity, and ecological attributes [11]. By providing third-party verification, they can
enhance transparency, trust, and informed purchasing [12]. However, the rapid prolifer-
ation of poorly regulated sustainability claims has also generated ambiguity, confusion,
and skepticism [13]. This tension is especially evident in the fermented milk sector. Al-
though marketed as traditional, minimally processed, and health-enhancing, these products
show highly variable sustainability credentials depending on production scale, sourcing,
and post-production modifications [14]. Regulatory definitions of “organic”, “probiotic”,
“carbon-neutral”, and “natural” differ across jurisdictions, limiting harmonization and
comparability [6]. For example, EU rules restrict the use of “probiotic” without extensive
evidence, whereas the United States and Japan permit more flexible labelling [15]. As a
result, internationally traded products often display claims interpreted differently across
regions and cultures. The effectiveness of labelling depends on consumer literacy, cognitive
capacity, and trust in institutions. Studies show that consumers often misinterpret sustain-
ability claims, attributing broad benefits based on single cues—the “halo effect” [16–18]. For
example, “organic” or “animal welfare certified” labels may create assumptions of superior
nutrition or lower environmental impact without supporting data [19–21]. Conversely,
excessive or contradictory labelling can cause cognitive overload, weakening decision-
making and fueling skepticism [22]. These effects are further shaped by emotional, cultural,
and ethical factors, as products seen as “authentic”, “local”, or “traditional” may be chosen
regardless of actual environmental performance [23]. Credibility is also undermined by
discrepancies between labels and product composition. Studies reveal inconsistencies in
microbial content, allergen declarations, and nutrient profiles; “probiotic” yogurts often
show mismatched microbes, while chemical tests found misreported sugar and undeclared
allergens [24,25]. These findings highlight the need to link certification and labelling with
rigorous testing, traceability, and transparent audits. Without such safeguards, even well-
intentioned labels risk becoming “greenwashing”, that is, creating a false impression of a
product’s environmental impact or benefits and thereby misleading consumers, serving
marketing rhetoric rather than empirical truth. Emerging digital technologies are seen as
tools to improve transparency, verification, and consumer engagement [26]. Blockchain,
QR codes, and digital passports enable real-time data sharing, secure verification, and
consumer access [27]. These tools can substantiate certification claims with reliable datasets,
support batch-level traceability, and link product attributes to farm practices. For instance,
blockchain can record data on feed, antibiotic use, emissions, and cold-chain integrity, ac-
cessible through simple interfaces at purchase. Yet adoption faces barriers, including high
costs, fragmented infrastructures, regulatory uncertainty, and uneven consumer digital
literacy [28]. Communication of sustainability must also go beyond factual data to include
narrative, visual, and experiential elements that resonate with consumers [22]. Storytelling
about local farmers, animal welfare, or community initiatives reinforces authenticity and



Sustainability 2025, 17, 8398 3 of 22

loyalty, while label design must balance compliance, clarity, aesthetics, and emotional
impact [29,30]. Research shows that consumers trust certifications from independent public
institutions or international standards bodies, especially when supported by clear graph-
ics and simple explanations [31]. This article offers an interdisciplinary review of how
certifications and labelling ensure the credibility of sustainability claims in the fermented
dairy sector. Drawing on empirical studies, regulatory analyses, consumer research, and
technological developments, it examines the structural and communicative dynamics of
sustainable labelling. This review situates fermented dairy within the context of responsible
production and consumption; analyzes the regulatory landscape, with its disparities and
enforcement gaps; and explores consumer perception, focusing on the cognitive, cultural,
and ethical factors shaping label interpretation. This article contributes to understanding
how certification and labelling can support sustainable dairy systems. It argues that credi-
bility, clarity, and inclusivity are essential to strategies that aim to inform, empower, and
align producer and consumer values in today’s complex food landscape.

2. Qualitative Document Analysis
To ensure a comprehensive perspective, this study employed a narrative literature

review [32–34]. This approach enabled the purposive integration of insights from aca-
demic, regulatory, and technological domains relevant to sustainability communication
in fermented dairy. The process involved four steps: (1) defining guiding questions and
scope, (2) purposive selection of sources, (3) thematic synthesis of the literature, and
(4) integration into a cohesive narrative [35].

3. Sustainable Fermented Milk-Based Products: Definitions and Context
3.1. Defining Sustainable Fermented Dairy

A sustainable product is defined as one manufactured through processes that are
environmentally benign, socially equitable, and economically viable, while simultaneously
upholding high standards of quality and nutritional value. This comprehensive approach
necessitates the minimization of adverse impacts on natural ecosystems, the establishment
and maintenance of responsible working conditions and welfare across the entire supply
chain, and the assurance of sustained economic viability for all involved stakeholders [36].

Fermented milk products (Figure 1) are an important part of daily dietary intake
worldwide. Fermentation, as a traditional food processing technique, enhances the nutri-
tional and sensory value of food by breaking down complex organic compounds through
biochemical transformations [37]. The use of fermentation with selected starters has long
been considered an excellent tool to improve the safety and nutritional/functional prop-
erties of food by means of the elimination of microbial contamination, the synthesis of
bioactive compounds, detoxification, or the degradation of anti-nutritional compounds
while ameliorating their sensory and technological features [38].

In recent years, concurrent with a heightened public awareness of environmental
issues and the imperative to mitigate the food industry’s ecological footprint, the sus-
tainability of these products has garnered increasing scholarly and public attention. This
category encompasses organic products derived from pasture-raised cows, products de-
void of chemical additives, and those presented in environmentally conscious packaging.
Consumer appreciation for these products stems not only from their organoleptic and
health-promoting attributes (particularly probiotic properties) but also from their minimal
processing and local provenance [7].

Their progress can be attributed to the global surge in appreciation for functional
nutraceutical food and beverage products, including bio-yogurt, kefir, fermented milk,
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and a range of probiotic non-dairy equivalents [39]. Their relevance has thus expanded
significantly within the discourse of sustainable development [7].

Figure 1. Fermented milk products.

A sustainable milk or dairy fermented product is characterized by its production, pro-
cessing, and consumption methods, which collectively strive to minimize environmental
impact, bolster economic viability for producers, and foster social well-being across the
entire supply chain. This comprehensive definition encompasses several key criteria: reduc-
ing greenhouse gas emissions, optimizing resource utilization (including feed, water, and
energy), ensuring robust animal welfare standards, and fulfilling nutritional requirements
through eco-efficient and locally adapted farming and fermentation practices [40–44].

Sustainable development within the dairy industry encompasses a multifaceted array
of considerations, including environmental concerns (e.g., greenhouse gas emissions, water
consumption, and animal welfare), as well as social and economic dimensions. Never-
theless, a divergence in understanding often exists between producers and consumers
regarding these aspects. Consumers frequently interpret sustainability through the lens of
health, naturalness, compositional simplicity, or ethical considerations [2,6].

3.2. Consumer Perceptions and Communication Challenges

Products from small-scale producers are often perceived by consumers as inher-
ently more authentic and sustainable, even in the absence of official certifications [45].
While studies, such as that by Otto et al. [46], indicate a growing consumer interest in
such products, observed purchasing behaviors do not invariably align with declared val-
ues. Prohibitive pricing, limited availability of sustainable options, ambiguous labelling,
and a lack of familiarity with or comprehension of certification schemes represent sig-
nificant deterrents to purchase, notwithstanding general consumer endorsement of the
sustainability concept [45,47–49].

It is noteworthy that consumer comprehension of the “sustainable product” concept
does not consistently align with interpretations prevalent within the food industry or
scientific community [2,6,7]. Although the attributes associated with sustainable products,
concerning both the product itself and its packaging, are increasingly valued and sought
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after by consumers, their effective communication remains a challenge, often leading to
consumer misunderstanding [50]. Furthermore, many product packages inadvertently
convey conflicting messages, as textual, graphic, and material elements fail to uniformly
communicate sustainability. Consequently, there is an evident necessity to enhance the com-
munication of sustainable product concepts by integrating visual elements harmoniously
with the structural and verbal components of packaging [51].

In the context of fermented dairy products, authenticity primarily signifies adherence
to declared values such as locality, environmental friendliness, and animal welfare. Ef-
fectiveness, conversely, refers to both the product’s actual environmental impact and its
capacity to influence consumer purchasing decisions [2,11].

3.3. Authenticity, Transparency, and Labelling Strategies

Authenticity is cultivated not solely through certifications but also via brand commu-
nication, supply chain transparency, and social engagement. Illustrative activities include
emphasizing the local origin of milk, fostering direct relationships with farmers, and
supporting educational initiatives. As Futtrup et al. [50] highlight, labels should convey
these values in a simple, comprehensible, and visually consistent manner to concurrently
maintain authenticity and effectiveness. Consumers generally exhibit a greater propensity
to select products bearing labels from public institutions or independent organizations,
provided these labels are graphically clear and readily understandable [11].

Unfortunately, research indicates that many labels are either incomprehensible or
counter-intuitive, often due to overly complex graphics, a disconnect between pictograms
and messages, or illegible text that weakens the overall communication. Norton et al. [47]
specifically noted that symbols related to sustainable development are frequently confused
with information pertaining to a product’s health quality, thereby misleading consumers.
Some consumers, for instance, misinterpret labels indicating CO2 emissions as indicators
of a product’s health harmfulness [2]. Conversely, labels such as “organic” often create a
“halo effect”, reinforcing positive associations, including those related to health, even when
not always empirically justified [7].

To effectively foster the development of sustainable dairy products, labels ought to be
simple, credible, intuitive, and visually consistent [50,51]. A promising strategy is cause-
related marketing, which involves labelling that signifies a portion of the product’s price
supports specific social, environmental, or ethical initiatives. This approach enhances the
emotional engagement of consumers who seek value in their purchasing choices but also
remain price-sensitive [52].

Ultimately, the authenticity of sustainable food products is fundamentally predicated
on transparency within the value chain and the consistency of marketing communication
with actual practices. The transparency of processes, from raw material sourcing to dis-
tribution, is instrumental in building consumer trust and increasing their willingness to
accept higher prices [7].

4. Regulatory Frameworks for Labelling and Certification
Regulatory compliance serves as the fundamental pillar for ensuring the authenticity

of dairy products. Labelling is the primary mechanism for conveying critical information
to consumers, including ingredients, nutritional composition, manufacturing processes,
and, crucially, the product’s use-by date. Certifications are crucial in cultivating consumer
trust in sustainability claims within the dairy sector, where transparency is essential.
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4.1. Institutional and Legal Foundations

Within the European Union, sustainability certifications for fermented milk products
operate under the legal framework established and monitored by the European Com-
mission’s Directorate-General for Agriculture and Rural Development (DG AGRI) and
the Directorate-General for Health and Food Safety (DG SANTE). DG AGRI registers
organic operators and protected designations of origin, while DG SANTE coordinates
the multi-annual “Health & Food Audits and Analysis” program, which verifies on-site
compliance and publishes non-conformity reports, thereby underpinning public trust in
label integrity [53]. Day-to-day enforcement is delegated to competent national authorities;
for example, the Food Safety Authority of Ireland’s nutrient-label audits of retail yogurts
illustrate how EU controls translate into market-level action [54].

Globally, certification systems intersect with intergovernmental and federal regula-
tors. The Codex Alimentarius Commission (joint FAO/WHO) sets baseline identity and
labelling standards for fermented milks, which many private schemes adopt verbatim,
while the International Dairy Federation issues complementary technical bulletins for
processors [55]. In the United States, the Department of Agriculture’s Agricultural Market-
ing Service—National Organic Program (USDA AMS-NOP) integrates annual third-party
audits with federal rule-making. Longitudinal analysis demonstrates that this structure has
tripled certified organic milk output despite higher production costs, although paperwork
remains producers’ primary compliance burden [56]. Parallel oversight of compositional
and allergen labelling rests with the Food and Drug Administration (FDA), whose up-
dates to “healthy” and nutrient-content claims increasingly converge with sustainability
messaging requirements. Finally, the International Organization for Standardization (ISO
22005/ISO 22095) codifies traceability principles that national authorities increasingly cite
when accrediting dairy certifiers [53]. A multifactorial market study from Ecuador shows
that eco-labels do shape attitudes and environmental awareness, but their practical impact
on the shopping basket remains limited unless substantiated by additional laboratory
evidence confirming product authenticity [57].

4.2. Diversity of Schemes and Market Evidence

Certifications in the fermented-dairy sector represent a multifaceted landscape where
ecological, welfare-oriented, climate-focused, geographical-origin, and religious assurances
often overlap. Crucially, all these schemes rely on transparent standards and independent
auditing to maintain credibility. The USDA Organic program, with its clearly defined
rules and regular inspections, exemplifies this approach and is illustrated in Figure 2. This
scheme has facilitated a threefold increase in U.S. organic-milk output despite ongoing ad-
ministrative burdens for producers [56]. A global review of nineteen private sustainability
schemes reveals wide variation in mandatory criteria and highlights the inherent tension
between credibility, accessibility, and continuous improvement, often referred to as the
“devil’s triangle” [53].

EU statistics reveal a rapid increase in protected-name (PDO/PGI) dairy products;
in Romania alone, the number of certified milk products doubled within a decade, rein-
forcing narratives of regional authenticity [58]. Life-cycle research further confirms that
emission levels per liter of milk vary by over sixty percent between farms [59]. In Indonesia,
halal certification significantly boosts the perceived quality of UHT milk, whereas the
lesser-known national NKV seal has a weaker effect, illustrating how cultural context
shapes the impact of labels [60]. Protected-origin schemes further reinforce narratives
of regional authenticity and traditional production methods [58]. Collectively, this evi-
dence suggests that enhanced consumer understanding of label significations increases
the likelihood of product choices aligning with their values, thereby incentivizing pro-
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ducers to adopt more responsible practices. The three-decade history of USDA Organic
demonstrates how clear rules and routine audits have tripled U.S. organic-milk output
despite higher production costs, with paperwork remaining the primary compliance bur-
den [56]. While shorter ingredient lists generally improve perceived transparency, experts
caution that without unambiguous legal definitions, the term “natural” can invite pseudo-
claims [61]. Young consumers in Ecuador report that eco-labels heighten environmental
awareness, yet this awareness only translates into purchases when accompanied by credible
certification narratives [57].

Figure 2. Steps of the USDA organic certification process.

Existing programs, which cover environmental impact, animal welfare, geographic
origin, and “clean-label” attributes, vary in scope and rigor, yet all depend on clear, au-
ditable standards to maintain credibility. Life-cycle assessments of 71 Western European
dairy farms indicate a greater than 60% spread in the carbon footprint of one liter of
milk, emphasizing the importance of precise emission thresholds within certification pro-
tocols [53]. A similar variation is documented for PDO Grana Padano, where improved
feeding strategies reduced CO2 output by up to 30% [62]. Italian consumers, meanwhile,
express a positive but conditional willingness to pay for explicit “carbon-footprint” labels
on dairy products [63].

4.3. Verification, Compliance, and Emerging Standards

Signal quality remains problematic. Interviews with milk buyers in Australia revealed
that food shopping is often approached as a task, and complex eco-labels are frequently
disregarded in favor of price- and brand-based heuristics, particularly when trust in the
certificate’s content is low [64]. An e-commerce experiment demonstrated that simple
carbon-footprint labels can shift choices toward lower-emission products by 25–37%, al-
though consumers still underestimate the true differences between categories [65].

Crucially, certification does not supersede analytical verification of product composi-
tion. DNA analysis of “goat” yogurts detected undeclared bovine or ovine milk in 39.6% of
samples, underscoring the necessity of linking labelling schemes with rigorous laboratory
testing [66]. A recent review of the clean-label movement shows that short, easily under-
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stood ingredient lists can indeed enhance product transparency for shoppers, provided
regulators establish clear rules to prevent the misuse of “natural-sounding” wording [61].

Establishing the true composition of yogurts and kefirs now necessitates a combination
of classical laboratory tests, modern molecular-biology tools, and systematic audits of
digital labels. Advances in metagenomic sequencing indicate that only 37% of dominant
microorganisms in analyzed products matched declared bacterial cultures, highlighting
the need for comprehensive verification of probiotic strains [67]. Parallel, rapid DNA
melting-curve assays effectively detect species substitution; for example, bovine or ovine
milk was confirmed in 39.6% of so-called goat yogurts [66].

Conventional chemical analyses remain indispensable: a survey of 200 Irish yogurts
revealed that 19% of labels overstated or understated sugar content beyond European
tolerances [68]. In the e-commerce environment, this problem is exacerbated. An audit of
12,000 listings found that the full set of mandatory information (nutrition facts, ingredient
list, and allergens) was simultaneously available and legible for only 35% of dairy products,
while marketing claims dominated the presentation [69].

Finally, a multifactorial market study from Ecuador shows that eco-labels do shape
attitudes and environmental awareness, but their practical impact on the shopping basket
remains limited unless substantiated by additional laboratory evidence confirming product
authenticity [57]. Experiments with carbon-footprint labels indicate that such tags increase
the selection of plant-based products (milks and cheeses) yet have not, thus far, led to
higher sales of plant-based yogurts [65].

However, recent investigations into fermented milk products frequently reveal that
label declarations are often incomplete or inconsistent with the actual product composition.
For instance, a cross-sectional analysis of 200 yogurts in Ireland found that 19% of samples
exceeded the European tolerance threshold for total sugars [68]. An examination of five
commercial kefir brands indicated that 66% overstated viable-cell counts by at least one
logarithmic unit [70].

Labelling deficiencies also extend to allergen warnings. Among 768 fermented milk
beverages imported into the United Kingdom, only 22.5% displayed correct precaution-
ary allergen labelling (PAL), while 31.2% contained unintended allergens, and 29.2% en-
tirely lacked the required risk statement [71]. In the e-commerce environment, a mere
35.1% of dairy products simultaneously presented accessibly, legibly, and all mandatory la-
bel elements—nutrition facts, ingredient lists, and allergen statements—whereas marketing
information appeared more frequently than legally mandated data [69]. Non-compliance
with certification criteria and, consequently, with labelling requirements, can severely
mislead consumers and erode trust in the product.

Taking the above into account, the credibility of certification for fermented dairy
products fundamentally rests on three pillars: clear, measurable environmental indicators;
unequivocal guarantees of animal welfare; and a simple ingredient list verified through
rigorous laboratory testing. Without this triad, even the most sophisticated labels (organic,
Eco-Score, or carbon footprint) risk creating a halo effect that misguides consumers. Look-
ing forward, the convergence of digital product passports, AI-driven life-cycle analyses,
and harmonized ISO traceability standards promises a unified, globally recognized infras-
tructure capable of delivering instant, indisputable proof of authenticity for every yogurt
or kefir on the shelf.

5. Consumer Perception of Labelling and Certifications
5.1. Labels as Trust Signals and Cognitive Shortcuts

As sustainability considerations play an ever-growing role in the food market, la-
belling and certifications are emerging as increasingly influential tools in shaping consumer
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decision-making. These communicative elements function not only as practical indicators
of product attributes but also as trust signals that reduce uncertainty and encourage pur-
chase. Research has shown that consumers are more likely to trust products with clear and
accurate labels, and that certifications such as “organic”, “sustainable”, or “animal-welfare
approved” not only enhance credibility but also influence purchasing decisions, as they are
perceived as indicators of higher environmental and ethical standards [17,18,72]. Nonethe-
less, the effectiveness of such labels is closely linked to how they are interpreted. Studies
indicate that consumer understanding of sustainability claims is often limited, leading
to potential misinterpretations [2]. A prominent example is the “halo effect”, where a
single favorable label, such as “organic”, results in broader assumptions about a product’s
overall healthiness or environmental impact [2,17,18]. This cognitive shortcut can distort
purchasing decisions and suggests that clarity and transparency in labelling are essential to
align consumer perceptions with actual product attributes. A similar pattern is observed
for the Eco-Score icon: the A–E grade not only alters the perceived environmental friendli-
ness of yogurt but also influences expected palatability and healthfulness, consequently
affecting purchase intention [73]. The consumer perspective, however, extends beyond
purely environmental aspects. In a survey encompassing five European countries (i.e.,
Czechia, Spain, Sweden, Switzerland, and the UK), freshness, taste, and animal welfare
ranked above carbon footprint or organic origin as primary purchase determinants, even
though sustainability labels themselves were regarded as “helpful”. Across five European
countries, animal welfare logos are rated as the most “helpful” cue when purchasing milk
or yogurt, surpassing environmental signals [54]. In Indonesia, halal certification, combined
with a national quality mark, significantly enhances perceived dairy quality [60].

Moreover, the effectiveness of these communicative tools is strongly linked to con-
sumer trust. Labels supported by independent, third-party certifications are often perceived
as more credible than those created by the producers themselves. However, the prolif-
eration of eco-labels and the lack of standardized criteria across countries can generate
confusion and undermine consumer confidence, ultimately reducing the intended persua-
sive impact [72,74].

This issue is relevant in the context of dairy products, including fermented milk-based
products, which are increasingly positioned as sustainable choices. While consumers in-
creasingly expect information on sustainability [75], understanding the messages conveyed
on packaging remains challenging [76]. In the case of dairy products, even though labels
may refer to important aspects such as local sourcing, animal welfare, or environmental
impact, their interpretation is not always straightforward [9]. Moreover, as shown in recent
reviews, consumers often confuse terms like “carbon neutral” or “sustainably sourced”, es-
pecially when such claims are presented without accompanying visual cues or verification
references [2]. As a result, the effectiveness of labelling in this category depends not only on
clarity and accuracy, but also on the ability to communicate product-specific sustainability
aspects in a way that is meaningful and accessible to consumers. This challenge becomes
more apparent when traditional dairy products are evaluated alongside plant-based alter-
natives. Marketing narratives surrounding plant-based products frequently emphasize
reduced environmental impact, shaping consumer perceptions even when life-cycle analy-
ses suggest a more nuanced comparison. As shown by Schiano et al. [7], many consumers
struggle to understand sustainability-related terms and often rely on intuitive associations
rather than informed assessments. This is particularly relevant in international markets,
where cultural context further shapes label interpretation. For instance, Jin et al. [72] found
that UK consumers tend to integrate environmental considerations into their general pur-
chasing mindset more consistently than Chinese consumers. Such findings emphasize the
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importance of tailoring communication strategies to the specific informational needs and
cultural expectations of different consumer segments.

5.2. Cultural, Emotional, and Generational Differences

Consequently, dairy producers face growing pressure to clearly and credibly communi-
cate their own sustainability credentials, including local sourcing, biodiversity preservation,
and ethical animal husbandry. In this context, labelling must serve not only as a source
of information but also as a strategic communication tool that addresses misconceptions
and effectively highlights dairy-specific contributions to sustainability. In this effort, emo-
tionally engaging communication, such as storytelling around local farmers, traditional
practices, or visible animal welfare initiatives, can humanize the sustainability narrative
and increase consumer identification with the product. As Mahadeva et al. [74] argue,
emotional resonance can be a decisive factor in bridging the intention–action gap.

In parallel, technological innovations are opening new possibilities for improving the
credibility and accessibility of sustainability-related information. Tools such as blockchain-
based traceability systems or QR codes on packaging allow consumers to access detailed
insights into sourcing practices, animal welfare standards, and environmental impact
at the farm level [77]. These solutions can enhance transparency and support informed
decision-making, but only if the information is presented in a format that is understandable
and meaningful to consumers [2]. For example, in a study on consumer preferences for
health and organic claims in yogurt, participants perceived organic yogurt to be healthier
than yogurt labelled with specific functional health claims, illustrating the dominance
of intuitive label interpretation over factual content [78]. This suggests that even well-
designed information tools may fail to achieve their objective if not supported by clear
contextual explanation. This is particularly relevant in the context of dairy products,
where sustainability claims often require contextual interpretation. Research indicates
that many consumers struggle to navigate complex or technical information conveyed
through labelling, especially when it is presented digitally or outside familiar on-pack
formats [2,17,18,76]. Additionally, when compared to plant-based alternatives, traditional
dairy products may face a perception gap due to less explicit or less emotionally resonant
sustainability narratives, despite comparable or even favorable life-cycle indicators in
some cases [7,9].

Moreover, consumer responses to sustainability labelling are shaped not only by
sociodemographic characteristics but also by psychological, social, and cultural factors.
Younger consumers, particularly Millennials and Generation Z, tend to exhibit stronger
preferences for ethical, environmentally responsible brands and are more likely to scru-
tinize labels and corporate sustainability claims [74]. However, as Turut [10] and Cook
et al. [2] point out, a significant gap persists between green attitudes and actual purchasing
behavior, partly due to skepticism about the authenticity of sustainability claims and the
perceived trade-offs between environmental and functional product benefits. Increased
awareness of “greenwashing” and a lack of standardization among labels further con-
tribute to this gap, highlighting the need for more consistent, verifiable, and transparent
communication strategies.

Consumers of fermented milk beverages expect certifications to encompass animal-
welfare aspects; in a study spanning five European countries, this factor outweighed even
environmental concerns as the principal purchase determinant [54]. Experiments with
carbon-footprint labels indicate that such tags increase the selection of plant-based products
(milks and cheeses) yet have not, so far, led to higher sales of plant-based yogurts [65].
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5.3. From Information to Engagement

To build trust and foster loyalty among consumers, dairy producers must go beyond
basic compliance and engage in transparent, credible communication strategies. This
includes aligning labelling practices with broader sustainability narratives and integrating
them into meaningful corporate social-responsibility efforts. Authenticity and emotional
resonance, such as through storytelling or third-party endorsements, can be key to bridging
the intention–action gap and strengthening brand engagement in an increasingly value-
driven market. Examples from industry show that combining third-party certifications
with interactive and narrative-driven labelling can improve consumer perception and
engagement. Some brands have introduced smart packaging features, allowing consumers
to explore a product’s origin, environmental footprint, and production conditions through
digital tools. These practices illustrate how labelling can transcend its informational
function to become an immersive component of the brand–consumer relationship [2].

As modern consumers grow increasingly health-conscious and environmentally aware,
the information displayed on product packaging is no longer perceived as merely sup-
plementary, but rather central to purchase intent. Labels are now expected to provide
assurance of safety, nutrition, origin, sustainability, and ethical standards. This paper exam-
ines the role that digital, environmental, ethical, and origin-based labels play in shaping
consumer preferences and behavior when buying dairy milk products [79].

Environmental and ethical labels are powerful tools that signal a product’s alignment
with sustainable and socially responsible practices. In a study conducted in Japan, re-
searchers assessed the impact of different environmental labels on consumer perception
of milk products. The results showed that eco-labels significantly improved customer
evaluations of product quality and social value. More importantly, consumers with higher
levels of environmental knowledge demonstrated greater sensitivity to green labelling,
suggesting that education plays a moderating role in label effectiveness [80].

Similarly, labels such as “organic”, “rBST-free”, and “animal welfare approved” can
influence consumer trust and perceived healthiness of a product. However, these labels
may also unintentionally stigmatize conventional milk. Kanter et al. [81] identified this
phenomenon in a controlled study, showing that consumers exposed to “organic” and
“rBST-free” labels were less likely to choose conventional milk, even when all other factors
were equal. This labelling-induced stigma underscores the dual effect of ethical claims,
boosting niche product appeal while diminishing perceived value of mainstream alternatives.

Country-of-origin labelling is another key factor in consumer-preference formation.
Origin labels can evoke a sense of quality, authenticity, and national pride. Forbes-Brown
et al. [82] conducted a discrete choice experiment in Canada and found that consumers were
willing to pay a significant premium for milk and ice cream labelled “100% Canadian Milk”.
The study further noted that consumer knowledge of domestic dairy policies positively in-
fluenced their willingness to pay, suggesting that familiarity with local production enhances
the value of origin-based labelling. Pedersen et al. [83], analyzing consumer preferences in
the United Kingdom, Ireland, and Denmark, showed that information about the origin of
milk was rated as an attribute equivalent to organic certification and animal-welfare claims.
Local products were rated higher in terms of value, which the authors attributed to shorter
supply chains and stronger roots in the national production system, making them more
authentic and credible in consumers’ eyes. Hay et al. [84], on the other hand, confirmed
that geographical origin is a key determinant of the perceived authenticity of yoghurt, with
consumer confidence varying depending on the place of production. A study by Chang
et al. [85] showed that for consumers in Taiwan, the presence of a health-promoting label
was the most important attribute in shaping their preferences for yoghurt, surpassing the
importance of characteristics such as the number of probiotic strains, the source of milk,
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or technological additives. The results of a study by Wang et al. [86] indicate that Chinese
consumers rated grass-fed milk more highly, treating the designation of this origin as a
guarantee of naturalness, higher quality, and compliance with expectations for safe and
traditional dairy production.

Labelling is a critical driver of consumer purchasing decisions in the dairy industry.
Whether through digital access to detailed product data, environmental and ethical certifica-
tions, or country-of-origin claims, labels shape consumer perception and purchasing intent.
However, the effectiveness of such labelling relies on its clarity, credibility, and regulatory
oversight. As consumer expectations evolve, the strategic use of verified and informative
labelling will remain essential for dairy producers seeking to build trust and differentiate
their products in a competitive market. As dairy producers continue to navigate the shifting
landscape of consumer expectations, labelling and certification will remain central elements
in shaping how products are perceived and evaluated. Their role, however, cannot be
isolated from the broader ecosystem of communication strategies, technological capabilities,
and evolving cultural narratives surrounding sustainability [2].

6. Challenges and Limitations of Current Labelling and
Certification Systems

One of the primary challenges is the diversity of legal regulations across countries and
regions. Across regions, there are similarities in the mandatory information and allergen
labelling requirements (Table 1). Across all major regions, several categories of information
are universally required on fermented dairy labels. These include the product name, full
ingredient list, nutritional composition, allergen declarations, and storage instructions,
which together ensure product safety, traceability, and informed consumer choice. Allergen
labelling is particularly consistent, with milk recognized globally as a major allergen, and
additional emphasis placed on lactose in the European Union or soy in Asian and Latin
American markets. While regional frameworks differ in their treatment of organic, origin-
based, or specialty claims, this core set of mandatory elements forms the foundation of
labelling standards worldwide, providing a baseline for regulatory convergence.

Milk and milk proteins are major allergens and must be clearly highlighted on labels.
Fermented milk beverages, however, often contain starter cultures and additional functional
ingredients, such as prebiotics or flavoring agents, making it difficult to create a clear
and concise label. According to Regulation (EU) No. 1169/2011 [87], allergens must be
listed in the ingredients section, but the format and readability of such information often
raise concerns [88].

Harmonization efforts, such as those led by the Codex Alimentarius, are helping
to align labelling standards internationally, but regional differences remain. Despite the
European Union’s effort to harmonize food labelling rules through Regulation (EU) No.
1169/2011 [87], national interpretations still differ, especially regarding terms such as
“probiotic”, “live cultures”, or “organic”. For instance, the European Food Safety Authority
(EFSA) takes a highly restrictive approach to approving health claims, rejecting many
claims related to probiotics due to insufficient scientific evidence [89]. This leads to a
paradox where the word “probiotic” cannot legally appear on the label, even though its
effects have been repeatedly confirmed in scientific studies [90–92]. In contrast, countries
like the United States or Japan adopt a more flexible stance on health claims, thus posing
challenges for internationally operating companies.

Making nutritional and health claims is a significant challenge for producers of fer-
mented milk beverages. All such claims must be based on scientifically verified evidence
and included in the EU Register of Health Claims [89]. Terms like CFU (colony-forming
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units) are essential for confirming the presence of probiotics but are difficult for the average
consumer to understand [93].

Table 1. Comparison of labelling requirements across regions.

Region Mandatory Information Allergen Labelling
Requirements Additional Requirements

United States

Product name, ingredients,
nutritional information,

allergens, storage
instructions

Declaration of major 8 (Big
8) * allergens, including

milk

Labels for organic dairy
products must comply

with USDA organic
standards, while terms like

“grass-fed” and
“non-GMO” are subject to

specific definitions

European Union

Product name, ingredients,
allergens, nutritional
information, storage
instructions (EU) No.

1169/2011

Declaration of major
allergens, including milk

and lactose

Protected designations of
origin, geographical

indications, and traditional
specialty guarantees

China

Product name, ingredients,
nutritional information,

allergens, storage
instructions

Declaration of major
allergens, including milk

and soy

Organic and specialty
product standards

Latin America

Product name, ingredients,
nutritional information,

allergens, storage
instructions

Declaration of major
allergens, including milk

and soy

Labels for organic and
specialty dairy products

must comply with national
standards, which are

increasingly aligned with
international practices

South Asian Association
for Regional Cooperation

(SAARC) Countries

Product name, ingredients,
nutritional information,

allergens, storage
instructions

Declaration of major
allergens, including milk

and soy

Labels for organic and
specialty dairy products

must comply with national
standards, which are

increasingly aligned with
international practices

* “The Big 8” refers to eight major food allergens: eggs, milk, tree nuts, peanuts, fish, soy, wheat (gluten), and
crustaceans (shellfish). Source: based on [94–96].

Dairy products are not without examples of greenwashing practices. In 2025, Green-
peace Denmark lodged an official complaint with the Danish Business Authority (the regu-
latory institution overseeing corporate conduct in Arla’s country of origin) accompanied
by extensive evidence suggesting that the dairy corporation has substantially exaggerated
its reported reductions in CO2 emissions. Arla asserts that it has achieved a 13% decrease
in greenhouse gas emissions across its supply chain since 2015. However, the complaint
contends that nearly half of this reduction was abruptly recorded in 2016, coinciding with
a shift in the company’s calculation methodology, which was implemented without a
corresponding adjustment to the baseline year. Greenpeace Denmark maintains that this
alteration not only presents a misleading narrative to consumers but may also constitute a
violation of financial reporting regulations in both Denmark and Sweden [97].

7. Emerging Technologies Supporting Transparency and Verification
in Labelling

As the demand for transparency in dairy labelling grows, the integration of dig-
ital solutions like QR codes and blockchain technology not only enhances traceability
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but also empowers consumers to engage with the sustainability narrative of their food
choices (Table 2).

Table 2. Digital technologies supporting transparency and traceability in dairy labelling.

Technology Key Features Citation

RFID Real-time monitoring, inventory management, and traceability [98,99]
QR Codes Consumer engagement, traceability, and marketing opportunities [100]
Blockchain Decentralized, tamper-proof, smart contracts, and quality control [101]

Green blockchain Environmentally friendly, low energy consumption, and cost savings [98]

Internet of Things (IoT)

IoT devices monitor conditions such as temperature and CO2 levels,
enhancing biosecurity and product quality

IoT combined with blockchain provides end-to-end tracking and
monitoring, ensuring transparency and traceability in supply chains

[101]

Digital passports/carbon footprint Detailed product information, real-time data sharing, and consumer trust [96]

QR codes are often printed on milk bottles, cheese packages, and other dairy products.
These codes can be scanned using smartphones, allowing consumers to access information
about the product’s origin, nutritional content, and production process [99,100]. By scan-
ning a QR code, consumers can access detailed information about the product’s journey,
including its environmental impact and ethical considerations, thus bridging the gap be-
tween consumer expectations and the realities of production methods. Research suggests
that such solutions are well-accepted by consumers and may influence purchasing deci-
sions; for instance, in a retail experiment, 48% of QR code scans led to a milk purchase [102].
Moreover, the use of QR codes has been shown to improve consumer comprehension
and confidence regarding product attributes, reducing the frequency of “don’t know”
responses and increasing the accuracy of answers [103]. This shift toward digital trans-
parency aligns with emerging consumer trends that prioritize informed decision-making,
as studies indicate that consumers increasingly seek reliable information to guide their
purchasing behaviors [27].

Blockchain provides end-to-end traceability, allowing consumers to track the origin of
their dairy products and ensuring that products meet quality and safety standards [104].
Blockchain can be integrated with IoT sensors to monitor the quality of milk during pro-
duction and transportation. For example, sensors can track temperature, pH levels, and
other parameters to ensure that products remain fresh and safe for consumption [94]. Sus-
tainability benefits cannot be overlooked when speaking about technology. Firstly, waste
reduction can be achieved. By improving supply chain efficiency, blockchain and IoT
technologies can help reduce waste in the dairy industry. Research conducted by Fonseca
and Garracho [105] shows that real-time monitoring of milk quality can prevent spoilage
during transportation. Secondly, green blockchain and other sustainable technologies are
being developed to reduce the energy consumption associated with blockchain operations.
This makes blockchain a more environmentally friendly option for traceability in the dairy
industry [106]. And thirdly, the use of eco-friendly materials in packaging, combined with
blockchain technology, can enhance the sustainability of dairy products. As reported by
Hassoun et al. [107], biodegradable packaging materials can be tracked using blockchain
to ensure they are disposed of properly. However, the challenge remains that while these
technologies promise increased access to information, they must also be coupled with effec-
tive educational initiatives to ensure that consumers can interpret this data meaningfully,
thus fostering a more robust understanding of sustainability in dairy products.

As the dairy industry can increasingly embrace technological innovations, the potential
for enhancing consumer engagement through personalized marketing strategies emerges
as one of the ways for driving sustainable practices. By utilizing data analytics and
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consumer feedback, producers can tailor their communication efforts to resonate with
specific demographics, particularly younger consumers who prioritize sustainability in
their purchasing decisions. This approach not only fosters a deeper connection between
brands and consumers but also encourages a shared commitment to sustainability, as
consumers feel more invested in the practices of the brands they support. Furthermore, the
rise of social media platforms offers a unique opportunity for dairy producers to showcase
their sustainability initiatives in real time, effectively bridging the gap between consumer
expectations and industry practices [106]. Such dynamic interactions can demystify the
complexities of dairy production, ultimately cultivating a more informed and responsible
consumer base that actively seeks out genuinely sustainable products.

Digital innovation is actively strengthening these regulatory networks. Blockchain
pilots, endorsed by Codex working groups, demonstrate that immutable ledgers can store
herd data, audit certificates, and cold-chain metrics, enabling inspectors and consumers to
verify batch-specific compliance via QR code scans [55]. Such integration of public oversight
with distributed technologies addresses trade-off between credibility, accessibility, and
continuous improvement identified for private dairy standards, offering a pathway to more
transparent and accountable certification regimes [53].

Innovations in certification increasingly rely on digital infrastructures that pair end-
to-end traceability with consumer-facing transparency. A bibliometric review of 61 peer-
reviewed papers identifies blockchain as the most promising architecture for food supply-
chain assurance, emphasizing immutability, tamper-resistance, and real-time data sharing
as primary advantages for curbing label fraud [108]. Case-study modelling indicates that
integrating blockchain with just-in-time logistics and sensor streams can reduce verification
time for individual milk batches and lower warehouse losses, although adoption is currently
hindered by upfront costs and the absence of harmonized regulatory guidance [109]. Pilot
work in a U.S. dairy co-operative confirms these efficiencies, reporting faster exception
handling and automated compliance reports once transaction records are synchronized
across processors and farms [110].

Interactive labelling technologies translate backend traceability into shopper-level
engagement. Field tests with QR-enabled “dynamic shelf-life” labels on milk demonstrated
that over 60% of scanned packs were subsequently purchased, and half of all scans con-
verted to sales, indicating that digitally enriched information can boost both trust and
uptake [102]. When blockchain ledgers are linked to QR codes, additional quality attributes,
such as temperature history, feed origin, and audit certificates, can be presented to con-
sumers without overloading on-pack real estate; such hybrid systems have been shown
to raise overall Food Quality 4.0 scores in traceability assessments [111]. A Greek yogurt
study further reports that “scan-to-learn” labels increase perceived brand transparency and
willingness to pay, provided the data are presented in an intuitive dashboard [103].

Digital innovation must also address socio-economic disparities in label comprehen-
sion. Behavioral experiments with Swedish shoppers reveal that low-income households
prioritize price and experience cognitive overload when confronted with complex eco-
icons; simplified mobile explanations and in-store prompts are recommended to bridge
this “information capability gap” [112]. Complementary sensory research indicates that
climate-footprint and animal-welfare cues can generate a healthfulness halo unless ac-
companied by numerical context, underscoring the need for data-rich yet accessible pre-
sentation formats [7]. Proposed “Quality 4.0” frameworks therefore advocate for the
integration of public certification databases with distributed ledgers and visual traffic-
light indicators, balancing audit-grade detail with rapid consumer interpretation [55].
Collectively, these studies suggest that coupling blockchain traceability with interactive,
user-friendly labelling, and supporting both with targeted education, can strengthen certifi-
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cation integrity while ensuring that transparency benefits are equitably distributed across
consumer segments.

The credibility of certification for fermented dairy products fundamentally rests on
three pillars: clear, measurable environmental indicators; unequivocal guarantees of animal
welfare; and a simple ingredient list verified through rigorous laboratory testing. Without
this triad, even the most sophisticated labels (organic, Eco-Score, or carbon footprint) risk
creating a halo effect that misguides consumers. Routine genomic and chemometric checks,
combined with blockchain-based ledgers and interactive QR codes, ensure that each milk
batch is traceable and audit-ready, while public databases and annual inspections anchor
the system’s integrity despite ongoing administrative burdens.

8. Future Directions, Limitations, and Recommendations
Ensuring the authenticity and effectiveness of sustainability claims in the fermented

dairy sector requires a future-oriented, systemic approach that addresses the interplay
between regulatory frameworks, technological infrastructure, consumer perception, and
market realities. A fundamental direction involves the harmonization of certification
criteria and legal definitions at international and regional levels. The current fragmentation,
where terms such as “probiotic”, “organic”, or “carbon-neutral” are interpreted differently
depending on jurisdiction, not only hampers standardization but also undermines the
credibility of labels. Establishing unified, scientifically grounded benchmarks across global
markets would enhance transparency and facilitate the comparability of claims, particularly
for transnational producers.

Moreover, it is essential to integrate advanced digital technologies, such as blockchain-
enabled traceability, interactive QR codes, and digital product passports, into mainstream
certification schemes. These tools have the potential to validate claims at the batch level;
support real-time auditing; and deliver tamper-proof data on environmental metrics,
animal welfare, and cold-chain integrity. However, their adoption must be accompanied
by targeted public investment and policy support, particularly for small-scale producers
who may lack the resources to implement high-tech systems. Without such support, the
technological divide risks exacerbating inequalities in market access and weakening the
inclusiveness of sustainable transformation.

Another critical future direction lies in the simplification and standardization of label
design. Current labelling systems often overload consumers with information or use
ambiguous visual cues, leading to confusion and the halo effect, where a single term such
as “organic” unjustifiably shapes perception across unrelated attributes. Labels should be
designed using clear, intuitive, and harmonized iconography, prioritizing accessibility for
diverse consumer groups. Visual elements must align with textual content and legal claims
to avoid cognitive dissonance or misinterpretation.

To complement technological and visual improvements, consumer education ini-
tiatives must be significantly strengthened. As shown in recent studies, sustainability
comprehension remains low, and the intention–action gap persists due to limited under-
standing of indicators such as carbon footprint or probiotic functionality. Educational
strategies should be co-developed with civil society, schools, and media platforms, focusing
on translating scientific concepts into relatable, actionable knowledge. Digital labels must
not only present data but contextualize them meaningfully, ensuring that consumers are
not merely informed but empowered.

Furthermore, the credibility of certification schemes should rest on empirical ver-
ification. Advances in metagenomics, rapid DNA assays, and chemical analysis offer
unprecedented opportunities to validate claims concerning microbial composition, allergen
presence, and nutritional accuracy. These tools must be embedded as standard practice
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in certification audits, thereby closing the gap between declared attributes and product
reality. Without such safeguards, the risk of greenwashing remains acute, as evidenced by
high-profile cases of label manipulation and regulatory complaints.

Finally, the sustainability discourse must adopt a more participatory and emotionally
engaging dimension. Narratives that highlight local farmers, traditional production prac-
tices, and community impact can humanize sustainability claims and resonate more deeply
with ethically motivated consumers. Combining third-party certifications with storytelling
strategies and real-time consumer engagement, especially via mobile platforms and social
media, may reinforce trust and foster long-term loyalty. The effectiveness of sustainability
communication hinges not only on factual precision, but also on its emotional authenticity
and cultural relevance.

Despite these opportunities, several limitations must be acknowledged. First, the
existing body of research on certification and labelling in fermented dairy products remains
uneven across regions, with most studies concentrated in Europe and North America. This
imbalance constrains the generalizability of findings to other cultural and regulatory con-
texts. Second, much of the available evidence is fragmented, focusing on individual aspects
such as consumer perception, regulatory design, or technological solutions, rather than
their interdependence. Third, the pace of technological and regulatory change outstrips
academic analysis, which risks rendering some insights quickly outdated. Finally, narrative
reviews such as this one, while valuable for synthesis, cannot claim the exhaustive coverage
of systematic reviews. These limitations underscore the need for ongoing, comparative,
and interdisciplinary research to refine and test the recommendations proposed above.

Consequently, the path forward must combine regulatory harmonization, technologi-
cal integration, simplified communication, empirical verification, and inclusive storytelling.
Only by aligning these dimensions can the fermented dairy sector realise its potential as a
driver of genuine, system-wide sustainability.

9. Conclusions
Certifications and labels play a crucial role in building credibility and advancing the

sustainability agenda in the fermented dairy sector. In the context of globalized supply
chains and rising consumer expectations, these tools function not only as verification
mechanisms but also as key channels of communication between producers and consumers.
However, the current landscape remains fragmented: inconsistent definitions, overlapping
schemes, and unclear messaging undermine trust and reduce the transformative potential
of sustainability claims.

This review shows that the perceived value of certification depends on three critical
factors: trust in the certifying institution, clarity of the label format, and the extent to which
claims are reflected in tangible product characteristics. Certifications issued by independent,
public, or internationally recognized bodies consistently outperform producer-originated
labels regarding perceived authenticity.

At the same time, the way sustainability is communicated matters deeply. Narra-
tives centered on local farmers, animal welfare, or biodiversity protection can foster a
stronger emotional connection than abstract terminology. When scientifically grounded
and emotionally resonant, labels are more likely to motivate behavioral change.

Technological innovations, such as blockchain traceability and digital product pass-
ports, offer promising tools for strengthening transparency and interactivity. However, their
implementation must remain inclusive, particularly for small producers. Similarly, stan-
dardized laboratory-based verification (e.g., DNA, metagenomics and nutrient profiling) is
needed to substantiate claims and protect against greenwashing.
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Ultimately, the future of sustainable dairy labelling lies in integrated solutions: sci-
entifically robust, visually intuitive, and culturally responsive. Labels must evolve from
static declarations into trust-building interfaces; tools that inform, engage, and reflect the
diversity of consumer needs. This evolution is not optional; it is imperative.
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