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Abstract. This study examines the discourse of sustainability and social media
influencers’ networks concerning X (Twitter) conversations involving plant-
based milk and dairy milk with regard to how these two affect consumer percep-
tions and product marketing. Methods for quantitative and explorative research
in combination with social network analysis (SNA) and sentiment mining were
applied. The source of data for this research was based on 223 X (Twitter) posts
retrieved from SocialX from December 1, 2025, to May 5, 2026. Sentiment anal-
ysis was performed using the lexicon approach, which was further weighted
based on engagement measures, whereas SNA was performed based on the cen-
trality and community structure of the networks. The results indicate that sustain-
ability discourse is predominantly neutral or positive in nature, with a slightly
positive sentiment score. The network demonstrates high levels of centrality,
where the nodes with high levels of influence have an effect on information dis-
semination. The sentiment trends are marked with high levels of variability and
occasional occurrences of negative sentiments, which implies that the discourse
is driven by certain events. The emotion analysis shows that the emotions ex-
pressed are positive in nature but are not varied. The present study makes an im-
portant contribution to the literature in terms of incorporating the concepts of
sentiment analysis together with social network analysis to explore the role of
sustainability discourse in a competitive product environment.

Keywords: Sustainability Discourse, Social Network Analysis, Sentiment
Analysis, Influencer marketing, X (Twitter) Analytics.
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by increasing consumer awareness of environmental sustainability, health considera-
tions, and ethical concerns [1]. In contrast, the dairy industry has faced mounting rep-
utational challenges related to greenhouse gas emissions, land use, and animal welfare
[2].

Although sustainability is conceptually positioned as a key driver of consumer deci-
sion-making, empirical evidence suggests the persistence of an attitude-behavior gap,
whereby consumers express pro-environmental concerns but continue to engage in less
sustainable consumption practices [3]. This paradox becomes more complex within the
social media ecosystem, where public opinion is not solely shaped by factual infor-
mation but also by narratives disseminated through influencers, online communities
and interaction networks [4].

Platforms such as Twitter serve as critical arenas for public discourse, enabling the
rapid and large-scale dissemination of opinions through retweets, mentions, and
hashtags [5]. From a marketing perspective, analysing Twitter conversations provides
valuable insights into consumer perceptions, sentiment dynamics, and network struc-
tures that influence purchasing decisions [6]. In this context, the debate between plant-
based and dairy milk extends beyond product preferences and represents a broader con-
testation of sustainability narratives shaped by influential actors in digital social net-
works. Therefore, there is a pressing need to understand how sustainability discourse is
constructed, diffused, and influenced within online interaction networks, particularly in
the comparative context of plant-based and dairy milk products' sustainability [7].

Previous studies have examined various aspects of digital marketing, sustainability,
and social media analytics. El Mehdi & Benabdelouahed [8] demonstrated that influ-
encer credibility significantly affects consumer attitudes and purchase intentions,
whereas Nursansiwi [9] highlights the role of influencers in shaping social norms and
public perceptions in digital spaces. In the sustainability domain, [10] and [11] provided
robust evidence that plant-based products generally have lower environmental impacts
than animal-based alternatives. Additionally, [12] emphasized the inconsistency be-
tween environmental attitudes and actual consumption behavior in consumer behavior
research.

From a methodological standpoint, the application of sentiment analysis and social
network analysis (SNA) in marketing research has received considerable attention. [13]
argue that integrating sentiment analysis with network structures enables a more com-
prehensive understanding of public opinion dynamics. Similarly, [14] identified the
complexity of Twitter networks, in which influential actors function as opinion leaders
in shaping information flows. Despite these advancements, most studies have treated
sentiment and network analyses as separate approaches. Furthermore, limited research
has specifically compared sustainability discourse across competing product categories,
such as plant-based and dairy milk, within a unified framework.

Several important research gaps can still be observed in the current body of litera-
ture. First, earlier studies have generally focused on either sentiment analysis or influ-
encer-related effects independently, while only limited research has combined emo-
tional sentiment evaluation with social network structures in sustainability discussions
[8], [9], [13], [15]. Second, studies examining sustainability discourse on social media
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are still largely discussed in broad contexts, with relatively little emphasis on the com-
peting narratives surrounding plant-based and dairy product categories [7].

Third, there is limited empirical investigation into how social network structures
mediate the diffusion of sustainability-related sentiments, particularly in the alterna-
tive-protein sector. Fourth, comparative analyses of plant-based and dairy milk as com-
peting representations of sustainability narratives remain underexplored in social media
contexts. These limitations highlight the need for a more holistic and integrative ana-
lytical approach [16].

This study addresses these gaps by proposing an integrated framework that combines
sentiment mining and social network analysis to map sustainability discourse and in-
fluencer networks in Twitter conversations related to plant-based and dairy milk alter-
natives. This approach enables the identification of both sentiment polarity and the
structural characteristics of interaction networks, including key actors who influence
opinion dissemination. Theoretically, this research is grounded in social influence the-
ory [17] and diffusion of innovation theory [18], which explain how information and
opinions spread within social networks. Additionally, it incorporates insights from con-
sumer culture theory to understand how sustainability is socially constructed through
digital interactions. By integrating these perspectives, this study contributes to the de-
velopment of a comprehensive analytical framework that links sentiment, network
structures, and influencer roles in sustainability marketing.

Thus, this research is intended to investigate and map sustainability discourses and
influencer networks through discussions of plant-based and dairy milk on Twitter. The
objective is to reveal patterns of consumer sentiment, actors within the social network,
and the relationship between the structure of networks and the success of sustainability-
based marketing communication campaigns.

Accordingly, this study addresses the following research questions:

1. How are sustainability-related consumer sentiments toward plant-based and dairy
milk expressed and distributed within Twitter interaction networks?

2. Who are the key actors (e.g. influencers, communities, and opinion leaders) in the
Twitter social network, and how do they influence the dissemination of sustainability
discourse related to both product categories?

3. To what extent do sentiment patterns and network structures differ between plant-
based and dairy milk conversations on Twitter, and how do these differences reflect
competing sustainability narratives?

4. How can Twitter-based sentiment patterns and network structures complement the
evaluation of sustainability-driven marketing effectiveness in supporting brand po-
sitioning and business growth in the alternative-protein industry?

2 Methods

This study adopted a quantitative, exploratory research design integrating social net-
work analysis (SNA) and sentiment mining to examine sustainability discourse and in-
fluencer networks in Twitter conversations related to plant-based and dairy milk. The
methodological approach was designed to systematically capture, analyse, and interpret
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both relational structures and textual sentiments within social media interactions. The
research process was conducted in a chronological, logical, and reproducible manner

to ensure transparency and methodological rigor.

This study employed a computational social science approach that combined net-
work-based analysis with natural language processing (NLP). SNA was used to identify
structural relationships among users and to detect influential actors within the network,
whereas sentiment analysis was applied to evaluate the polarity and distribution of sus-
tainability-related opinions. This dual-method approach enabled a comprehensive un-
derstanding of both content (what is being communicated) and diffusion mechanisms

(how information spreads within the network).

The rationale for connecting sentiment polarity with influence from a theoretical
perspective is rooted in the framework of social influence theories [17] and diffusion
of innovation theory [18]. In essence, this research adopts a conception of sentiment
polarity as a node characteristic that influences the reception and diffusion of sustaina-
bility-related messages. Individuals with a tendency toward positive sentiment will be
seen to act as amplifiers of sustainability-related discourses, thus facilitating the spread
of the sustainability messages among their connections. On the other hand, those indi-
viduals who hold negative or critical sentiments about certain issues may act as gate-
keepers and resistors, making sure that particular sustainability-related messages do not
diffuse among the members of their networks. The inclusion of sentiment analysis re-
sults in calculating network structural metrics such as degree centrality, betweenness
centrality, and closeness centrality makes it possible to determine how individuals po-
sitioned emotionally in relation to sustainability-related topics play structural roles in

speeding up or slowing down information diffusion dynamics in the system.
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Fig. 1. Research methodology framework.
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Data were collected from Twitter using the analytics platform SocialX, which provides
integrated tools for social media listening, sentiment analysis, and network mapping.
The data collection process was conducted within a defined temporal window, starting
from December 1, 2025, to May 5, 2026, to include recent and relevant sustainability-
related discourse.

The data retrieval process employed a structured keyword-based query to capture
relevant conversations. The keywords included "Social Network Analysis," "Sentiment
Analysis," "Sustainability Claims," "Influencer Authenticity," "Purchase Intention,"
"Plant-Based Protein Milk," "Gen Z Consumers," "Green Marketing," "Twitter Min-
ing," and "Network Metrics." These keywords were selected based on their theoretical
alignment with digital marketing, sustainability communication, and consumer behav-
iour literature.

The identification and validation of the keywords involved a systematic and theory-
informed approach aimed at reducing sampling biases and maximizing relevance to the
research topic. Firstly, the set of initial keywords was generated via a literature review
of peer-reviewed studies in the areas of sustainability communication, digital market-
ing, influencer networks, and social media analytics that are theoretically relevant to
the study. Secondly, all potential keywords were assessed for their relevance to four
constructs used in the research (sustainability discourse, consumers' sentiment, influ-
encer credibility, and green marketing) by means of a deductive coding approach.
Thirdly, a preliminary search was performed to determine the proportion of results ir-
relevant to the research topic generated by each keyword; the terms yielding more off-
topic information were discarded or modified. Finally, the chosen keywords were sup-
posed to be mutually complementary, rather than overlapping; thus, the final selection
involved both thematic ("Green Marketing", "Sustainability Claims") and behav-
ioural/methdological ("Purchase Intention", "Sentiment Analysis", "Network Metrics")
terms to maximize the relevance and diversity of the conversation sample. The imple-
mentation of a multi-keyword approach minimized the risk of single-word sampling
biases and maximized the representativity of the obtained conversations. The keywords
were applied in Boolean queries in the SocialX platform consistently. This validation
procedure aligns with best practices in computational social science for keyword-based
social media sampling [14] and supports the methodological transparency and replica-
bility of the data collection process.

A maximum limit of 500 data points was set during extraction; however, after filter-
ing and cleaning procedures, 223 valid X (Twitter) records were retained for analysis.
Even though a sample size of 223 records may seem small compared to larger samples
in social media corpora analysis, it can be argued that this sample size is sufficiently
adequate and appropriate for this study for several reasons. Firstly, the sample has been
collected through a thorough process of filtering duplicate records, non-relevant rec-
ords, bots, and other sources of irrelevant noise in order to ensure the quality of the
analysis rather than focusing on its magnitude. Secondly, in computational social sci-
ences, network analysis methods of studying social media datasets do not need to focus
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on collecting maximally large datasets as the main source of information about patterns;
instead, what is more important is the relevance of both the relational structure and
content of the data sample [19]. Thirdly, the data was extracted through the use of a
specific, theory-driven filter at a certain point in time which ensured the relevance of
the data sample in terms of its thematic composition. Finally, it should be noted that
previous studies have found social media datasets of a similar magnitude filtered by
keywords sufficient for exploratory network and sentiment analysis in sustainability
communication [20]. The filtering process involved removing duplicate entries, irrele-
vant tweets, and inactive or bot-generated accounts to ensure data quality.

Social network analysis was conducted using SocialX to map the interaction struc-
tures among Twitter users. The network was constructed based on user interactions,
including mentions, replies, and retweets, where users were treated as nodes and inter-
actions as edges. Several key network metrics were analysed, including degree central-
ity to identify highly connected users, betweenness centrality to detect bridging actors
in information flows, closeness centrality to measure information diffusion efficiency,
network density to assess overall connectivity, and modularity to identify community
clusters. These metrics enabled the identification of key influencers and structural pat-
terns that shape sustainability discourse.

Sentiment analysis was carried out using the analytics functions available within So-
cialX, which adopted a combination approach that made use of both lexicon-based and
machine learning-based methods for text classification. Lexicon-based analysis in-
volved making use of an already existing lexicon of sentiments in order to assign sen-
timent scores to words and phrases, and hence derive the sentiment orientation for each
tweet. The engagement scores were computed after adjusting the sentiment scores ac-
cording to user engagement metrics such as retweets and replies.

The machine learning part used the supervised classification approach for polarity
detection with context sensitivity considering the linguistic phenomena that lexicon-
based approaches might not capture correctly, including implicit sentiment, domain
specific terms, and negation. Tweets were divided into three sentiments categories —
positive, negative, and neutral.

In relation to pre-processing techniques, before any sentiment analysis was per-
formed, each tweet went through the following steps: (1) Removal of any URL, hyper-
link, hashtag (if not meaningful), mentions, emojis, and non-alphanumeric characters;
(2) Lower casing of the data; (3) Tokenization to break up the sentence into single-word
units; (4) Removal of stop words based on an English dictionary of stop words; and
finally, (5) Language filtering to ensure that only English language was processed.

Regarding the measures of validation, the SocialX sentiment classifier is evaluated
using common standards used for measuring success in the field of natural language
processing. According to benchmark studies conducted by researchers for similar hy-
brid lexicon-machine learning sentiment classifiers on social media texts, the precision
and recall rates of these classifiers are expected to be within the range of 0.78-0.86,
while their accuracy and F1-measures would lie in the range of 80%-84% [21], [22].
The aforementioned numbers indicate the level of performance achieved by social me-
dia sentiment analysis tools. It is noted that in this research, no independent domain-
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based validation of the proposed model using sustainability related data from Twitter
was performed, which can be viewed as one of the limitations of the study.

A key methodological contribution of this study is the integration of SNA and sen-
timent analysis. Sentiment scores were mapped onto network nodes, allowing for the
visualisation of sentiment distribution across the network and the identification of in-
fluential actors associated with specific sentiment polarities. This integrative approach
enabled the analysis of how sustainability narratives both supportive and critical are
propagated, amplified, or constrained within Twitter interaction networks.

To ensure methodological validity, this study employed established analytical tech-
niques widely recognised in digital marketing and computational social science re-
search. The use of a structured keyword framework and a clearly defined temporal
scope enhanced content validity. Reliability was ensured through the use of automated
analytical tools that provided consistent data processing and minimised human bias.

Reproducibility was addressed by clearly specifying all research parameters, includ-
ing the data source, time frame, keyword selection, sample size, and analytical proce-
dures. Future researchers can replicate this study by applying the same parameters using
SocialX or comparable social media analytics platforms.

This study adhered to ethical standards for social media research by utilising publicly
available Twitter data. No personally identifiable information was disclosed, and all
analyses were conducted at the aggregate level. The research process was transparent
and accountable, with all methodological steps explicitly documented.

The uniqueness of this methodology lies in its integrative design, which combines
sentiment mining with SNA within a single analytical framework. Unlike prior studies
that tend to treat these approaches separately, this study simultaneously examined emo-
tional polarity and relational dynamics, providing a more comprehensive understanding
of how sustainability discourse and influencer networks interact in shaping consumer
perceptions within the plant-based versus dairy milk debate.

3 Results and Discussion

3.1 Wordcloud Analysis

The word cloud visualization highlights the dominance of the terms "marketing" and
"green," indicating that the central discourse revolves around green marketing practices
and sustainability-oriented promotional strategies. The prominence of words such as
"sustainability," "claims," and "authenticity" suggests that discussions are not merely
focused on environmental messaging but also on the credibility and perceived truthful-
ness of these claims. This aligns with prior research indicating that consumers increas-
ingly scrutinize green marketing communications, particularly regarding greenwashing
and authenticity [23], [24]. The co-occurrence of these terms implies that sustainability
narratives are actively negotiated within digital conversations rather than passively ac-
cepted
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Fig. 2. Wordcloud visualization of sustainability and green marketing discourse on X
(Twitter).
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Furthermore, the presence of terms such as "influencer," "brands," "consumers,"
and "people" underscores the relational and social nature of discourse. This indicates
that sustainability communication is embedded within a broader social network in
which influencers and consumers play a critical role in shaping perceptions. The inclu-
sion of "authenticity" alongside "influencer" reinforces the importance of perceived
credibility in influencer marketing, particularly in the context of sustainability. Prior
studies suggest that influencer authenticity significantly affects consumer trust and en-
gagement, especially among younger demographics such as Gen Z [25], [26]. Thus, the
discourse appears to reflect an interactive ecosystem in which brand messages are co-
created, contested, and amplified through social actors.

Finally, the appearance of words such as "real," "new," "products," "intention," and
"good" indicates a link between sustainability discourse and consumer decision-mak-
ing. These terms suggest that consumers evaluate the practical implications of green
marketing claims, including their effects on purchase intention and product evaluation.
This observation is consistent with the literature on sustainable consumption, which
emphasizes that consumer intentions are shaped not only by environmental awareness
but also by perceived product value and trust [20], [27]. Overall, the word cloud reflects
a multifaceted discourse in which sustainability, authenticity, and social influence in-
tersect to shape contemporary marketing narratives in digital spaces.

nn "o

3.2  Sentiment Analysis

The sentiment distribution indicates that the majority of Twitter conversations related
to sustainability and green marketing in the context of plant-based versus dairy milk
are neutral (54.71%), followed by negative (34.08%), and a relatively small proportion
are positive (11.21%). This pattern suggests that public discourse is largely informa-
tional or observational rather than strongly opinionated or evaluative. Neutral domi-
nance typically reflects users sharing news, product information, or general discussions
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without expressing strong emotional evaluations, which is consistent with early-stage
or evolving sustainability narratives in digital environments [28].

11.21%
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25 data

54.71%

Neutral

122 data

34.08%
Negative

76 data

Fig. 3. Sentiment distribution of X (Twitter) discourse on sustainability and green marketing.

However, the relatively high proportion of negative sentiment (34.08%) signals
the presence of skepticism, criticism or contested viewpoints within the discourse. This
negativity may be associated with debates surrounding sustainability claims, accusa-
tions of greenwashing, or conflicting perceptions of plant-based and dairy products.
Prior studies have highlighted that consumers are increasingly questioning the authen-
ticity of environmental claims, particularly when brands fail to provide transparent and
credible information [29], [30]. Thus, the negative sentiment observed here may reflect
a critical audience that actively evaluates and challenges sustainability messages rather
than passively accepting them.

In contrast, the relatively low level of positive sentiment (11.21%) suggests that
while sustainability is a prominent topic, it has not yet translated into strong, favorable
perceptions or advocacy in the Twitter ecosystem. This finding aligns with the well-
documented attitude-behaviour gap, in which consumers express awareness of sustain-
ability issues but do not necessarily demonstrate strong supportive attitudes or behav-
iours. These results suggest that sustainability communicators need to strengthen trust,
authenticity, and value communication to convert neutral and sceptical audiences into
positive sentiment and ultimately influence purchase intention [20].

3.3  Text Network Analysis

The network visualization reveals that the discourse is highly centralized around the
keywords "marketing" and "green," which appear as dominant hubs in the interaction
structure. These nodes exhibited a high degree of connectivity, indicating that they
functioned as core anchors in sustainability conversations on X. The strong linkage
between these terms suggests that sustainability discussions are primarily framed
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through a marketing lens, emphasizing how environmental narratives are strategically
communicated rather than being purely discussed as ecological issues. This aligns with
prior research highlighting that sustainability has increasingly become a central com-
ponent of branding and value propositions in digital marketing [31], [32].
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Fig. 4. Text network visualization of sustainability discourse.

In addition to the central nodes, the network highlights several intermediary con-
cepts, such as "consumers," "digital," "brands," and "people," which act as bridges that
connect different clusters. These nodes indicate that sustainability discourse is not iso-
lated but is embedded within broader conversations about consumer engagement, dig-
ital platforms, and brand communication strategies. The presence of the terms "influ-
encer" and "authenticity" as connected nodes further underscores the role of social ac-
tors in shaping and validating sustainability narratives. This finding is consistent with
social influence theory, which posits that information diffusion in social networks is
significantly influenced by key opinion leaders and trusted sources [33], [34].

Moreover, the network structure demonstrates a relatively dense and interconnected
pattern, suggesting that sustainability discourse is multidimensional and involves over-
lapping themes such as "claims," "real," "products," and "intention." The clustering of
these terms indicates ongoing negotiations between perceived authenticity and market-
ing claims, reflecting consumer skepticism toward green marketing. This pattern sup-
ports the growing body of literature on greenwashing and consumer criticality, in which
audiences actively evaluate the credibility of sustainability messages rather than accept
them at face value [35], [36]. Overall, the network illustrates a complex ecosystem in
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which marketing, social influence, and consumer perception interact dynamically to
shape sustainability discourse in digital spaces.

3.4  Social Network Analysis

Social network visualization revealed a highly centralized structure dominated by a few
key actors, particularly @BarryESharp and @grok, which appeared as the most prom-
inent nodes within the network. These accounts exhibit high connectivity, indicating a
strong degree of centrality, and function as primary hubs in the dissemination of infor-
mation. The central positioning of these actors suggests that they play a critical role in
shaping the overall discourse, acting as focal points through which information flows
to the peripheral users. This pattern is consistent with network theory, which states that
a small number of influential nodes often control the majority of information diffusion
within digital ecosystems [19].
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Fig. 5. Social Network Graph of Key Actors in Sustainability Discourse on X (Twitter)

Beyond the core hubs, the network also displays several smaller clusters sur-
rounding secondary actors, such as @lokeshRa 333, @richardheartwin, and @Jack-
GoFAST. These clusters indicate the presence of localized communities or sub-net-
works that engage in niche- or topic-specific discussions. The connections between
these clusters and the central nodes suggest a hub-and-spoke structure in which periph-
eral communities rely on central influencers for information flow and its amplification.
This reflects the role of opinion leaders in social networks, where information is often
disseminated from central figures to broader audiences through intermediary nodes
[37], [38]

Additionally, the network exhibits a relatively low overall density, with many pe-
ripheral nodes connected to central hubs but not strongly interconnected with each
other. This indicates that while information dissemination is efficient through central
actors, peer-to-peer interaction among general users remains limited. Such a structure
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implies that sustainability and marketing discourse in this context is influence-driven
rather than community-driven, in which key influencers significantly shape the narra-
tive. From a marketing perspective, this highlights the strategic importance of engaging
with high-centrality actors to maximise message reach and impact within digital plat-
forms.

3.5 Trend Analysis

Trend analysis revealed a short-term but dynamic fluctuation in X (Twitter) conversa-
tion activity, characterized by an initial low-volume phase, followed by a gradual in-
crease and a distinct peak before declining. During the early activity period, tweet vol-
umes remained relatively modest and irregular, indicating that discourse was still in its
emergent stage with limited engagement. This pattern is consistent with the early dif-
fusion phases in digital communication, in which conversations are initiated by a small
number of users before gaining broader attention [39]. The relatively low and unstable
activity suggests that the topic has not yet achieved widespread visibility within the
network.

Early Activity Period Surging Perioc
Initial corwersation emergence

Tweet Volume (Count)

Dec01 Dec01 Dec 01 Dec 01 Dec 01 Dec Ol Dec 02 Dec 02 Dec 02 Dec02
o 0 300 17:00 22:00 09:00 14:00 18:00 23:00

Date and Time

Early Activity Surging Period Peak Activity Decline

Fig. 6. Trend Analysis of X (Twitter) Activity on Sustainability Discourse

As the timeline progresses, the data demonstrate a surging phase marked by an
increasing tweet frequency and more stable interaction patterns, as reflected in the daily
volume and moving average trends. This phase indicates growing user engagement and
heightened attention toward the topic, potentially driven by external triggers, such as
viral content, influencer participation, or emerging debates. The alignment between the
rising daily tweet volume and the upward trajectory of the moving average suggests a
sustained increase rather than random spikes, implying that the conversation was gain-
ing momentum in the Twitter ecosystem. Such patterns are often associated with the
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amplification effect of social networks, in which information diffusion accelerates
through interconnected users and communities [40].

The analysis further identified a clear peak activity point, representing the highest
level of engagement within the observation period, followed by a noticeable decline in
tweet volume. This peak likely corresponds to a moment of intensified attention, such
as a trending topic or a highly engaging post that triggered widespread interactions.
However, the subsequent decline indicates that the discourse experienced a short-lived
attention cycle in which interest diminished after saturation. This pattern aligns with
the concept of ephemeral attention in social media, in which topics rapidly gain traction
but are equally quick to fade as users' focus shifts to new content [39]. From a marketing
perspective, this suggests that sustainability-related conversations in this dataset are
event-driven and temporally concentrated, highlighting the importance of timely en-
gagement strategies to capitalise on peak attention periods.

3.6 Emotion Analysis

Emotion analysis demonstrated a highly skewed distribution dominated by the "happy"
sentiment (96.41%), with all other emotional categories, such as sadness (0.45%), fear
(0.45%), love (0.45%), and anger (2.24%), representing only a marginal proportion of
the total discourse. This overwhelming dominance suggests that the overall tone of
Twitter conversations related to sustainability and green marketing is positive and op-
timistic. Such a pattern indicates that users tend to associate the topic with favourable
perceptions, aligning with the growing acceptance of sustainability narratives as desir-
able and socially valued [41].

Happy
96.461%

® ©

Love Sadness
0.45% 0.45%

® ®

el Anger
0.45% TN

Happy (215) Sadness (1) Anger (5) Fear (1) Love (1)

Fig. 7. Emotional Sentiment Distribution of X (Twitter) Discourse on Sustainabil-
ity and Green Marketing.
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Despite the dominance of positive emotions, the presence of minor negative emo-
tions, particularly anger (2.24%), provides important insights into the underlying ten-
sions within the discourse. This indicates that while the general sentiment is positive, a
subset of users expresses dissatisfaction or criticism, potentially related to scepticism
regarding sustainability claims or perceived greenwashing. Previous studies have high-
lighted that even within predominantly positive sustainability discussions, critical
voices often emerge as consumers increasingly demand transparency and authenticity
from brands [42], [43]. Therefore, although limited in scale, these negative emotional
signals should not be overlooked, as they may reflect deeper concerns about credibility.

Furthermore, the near absence of emotions such as sadness, fear, and love suggests
that the discourse is not emotionally diverse but rather concentrated around a single
dominant affective response. This lack of emotional variation may indicate that the
conversation is driven more by general approval and surface-level engagement rather
than deep emotional involvement or polarised debate. From a marketing perspective,
this presents both an opportunity and a challenge: while positive sentiment can enhance
brand perception and engagement, the limited emotional depth may reduce long-term
attachment and advocacy. Consequently, brands may need to craft more compelling
and emotionally resonant narratives to foster stronger consumer connections and sus-
tain engagement over time.

3.7 Zero-Shot Classification

The sentiment distribution demonstrates a strong dominance of positive sentiment
(78.92%), indicating that most Twitter users express favourable perceptions of the topic
under investigation. This suggests that sustainability and green marketing narratives,
particularly in the context of plant-based versus dairy milk, are generally well received
by online audiences. This pattern aligns with prior research indicating that sustainabil-
ity-oriented messaging can enhance brand perception and consumer attitudes when it
resonates with environmental and ethical values [44], [45]. The high proportion of pos-
itive sentiment reflects a supportive digital environment that may facilitate the diffusion
of pro-sustainability messages in the future.
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Fig. 8. Zero-Shot Sentiment Classification Distribution.

At the same time, the existence of neutral opinions (13.45%) means that a signif-
icant number of people discuss the issue more informatively or objectively without any
evaluations. In other words, it is possible to assume that neutral opinions belong to
those users who are at the information processing stage and are looking for information
about sustainable claims, different products, and brands. From the marketer’s point of
view, this type of audience is extremely important for persuasion as these users can be
more sensitive to the communication strategy.

Meanwhile, negative sentiment (7.62%), although relatively small, signals the pres-
ence of scepticism or critical perspectives in the conversation. This negativity may be
associated with concerns regarding greenwashing, doubts regarding product authentic-
ity, and resistance to changing consumption habits. Previous studies suggest that even
limited negative sentiment can have disproportionate effects on brand trust if not ad-
dressed properly [29], [46]. Therefore, despite the overall positive tone, firms should
not overlook these critical voices, as they provide valuable feedback for improving their
communication strategies and reinforcing the authenticity of sustainability claims.

3.8 Reconciliation of Multi-Method Sentiment Findings

The seeming discrepancy between the relatively neutral sentiment distribution that
characterizes the standard sentiment analysis (with 54.71% being neutral sentiments;
see Figure 3) and the highly positive emotion classification that arises from the emotion
analysis (with 96.41% classified as happy; see Figure 7) should not be considered a
conflict between the two modes of analyses. This can be seen as a divergence in the
two ways of analyzing affective communication.

Polarity-based sentiment analysis is an approach whereby the polarity of each tweet
is determined through the identification or lack of linguistic evaluation markers (refer
to Figure 3). When a tweet is labeled as "neutral," it means that there are no obvious
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indicators for strong sentiments, whether negative or positive, rather than an indication
of a neutral state of emotions. A considerable number of tweets that are information,
description, or fact-driven concerning issues of sustainability may be neutral in polarity
but positive in terms of emotional orientation.

In contrast, emotion analysis adopts an elaborate classification system for emotions
based on the dominant emotion that emerges in the text, without regard to any polarity
designation (Figure 7). The dominance of "happy" in the emotion categories indicates
that when people feel emotional in their tweets in this dataset, their emotions are more
often than not positive emotions, regardless of whether their tweet can be seen as ob-
jective or neutral. In line with psycholinguistic research findings, sentiment polarity
and emotion category are two independent dimensions of linguistic data [47].

The zero-shot classification results (78.92% positive; refer to Figure 8 below) form
a third analysis viewpoint by utilizing large language model inference for the implicit
classification of stance or theme orientation in the tweet without using explicit senti-
ment indicators. The zero-shot classifier is able to detect positive orientations that are
implied which may not be explicitly detected as such when using lexicons, hence the
higher ratio of positive sentiments since the implied orientation is detected.

Combined, these three techniques offer a complementing analysis of sentiments in
the dataset that consists of: (1) conventional analysis of sentiments to detect polarity
explicitly (Figure 3), (2) analysis of emotions to identify affective states expressed by
users if any can be detected (Figure 7), and (3) zero-shot classification to infer implicit
stance or latent orientation (Figure 8). The combined application of these different ap-
proaches enhances the interpretation of the results and corresponds to modern tenden-
cies towards multidimensional analysis of sentiments on social networks [21], [22].

3.9 Sentiment Index

The sentiment index analysis indicates that the overall X (Twitter) discourse is slightly
positive, with an average sentiment index of approximately 0.07, suggesting a generally
favourable but relatively moderate emotional tone. This implies that while users tend
to express positive attitudes toward the topic, the intensity of positivity is not particu-
larly strong in the comments. This pattern reflects a balanced evaluative environment,
where positive perceptions exist but are not overwhelmingly dominant, aligning with
prior findings that sustainability-related discussions often generate cautious optimism
rather than extreme enthusiasm [41].

643



Apollo: Journal of Tourism and Business

Vol 4, Issue 3, September 2026, Page 628-649
ISSN: 2985-5810 (Media Online)

DOI: https://doi.org/10.58905/apollo.v4i3.659

s « Ref
Sentiment Index Most Positive Hour Most Negative Hour Highest Volume Hour

~2  0.07 -2 Dec01, 05:00 ™ Dec 01, 20:00 Al Deco2, 15:00

Sentiment Index Over Time

n /F/‘\\""\\.)lm_] N //""*—"'—'—'—‘ \“-77.1, .—//.-4\.,,,,. -

Index

Dec 01 Dec 01 Dec 02 Dec 02
17:00 21:00 01:00 05:00

Fig. 9. Sentiment Index Trends of X (Twitter) Discourse on Sustainability and Green
Marketing

The temporal trend further reveals fluctuating sentiment dynamics, characterised by
alternating periods of mild positivity and slight negativity. The smoothed sentiment
curve shows that the discourse does not follow a consistent upward or downward tra-
jectory but exhibits short-term variations, indicating responsiveness to specific events
or content triggers. The identification of negative spike events suggests moments when
sentiment temporarily drops below the expected range, potentially reflecting critical
reactions, controversial discussions, or scepticism toward specific claims. This obser-
vation supports the notion that digital conversations are highly sensitive to contextual
stimuli and shaped by episodic information flows within social networks [48].

Additionally, the existence of distinct positive and negative peaks along with the
peak volume period emphasizes the relationship between sentiment and engagement
level. The occurrence of maximum negative sentiment within certain time frames re-
veals that there is a concentration of critical discussion but not an extended one, thus
further confirming the notion of transient attention span in social media platforms. In
terms of marketing practices, even though sentiment levels stay consistent throughout
the period, companies should pay special attention to the anomaly periods as they could
greatly affect public opinion. Thus, businesses must implement real-time sentiment
analysis and effective communication tactics when discussing sustainability issues.

3.10 Discussion

The findings of this study provide a nuanced understanding of how sustainability dis-
course, influencer networks, and consumer sentiment interact within the digital ecosys-
tem, particularly on Twitter. The dominance of neutral and positive sentiments,
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combined with a relatively low but notable proportion of negative sentiments, suggests
that sustainability-related conversations are generally well received but still subject to
scrutiny. This aligns with the broader literature on digital marketing, which emphasises
that sustainability communication is increasingly embedded in consumer evaluation
processes, in which trust and authenticity play critical roles [49]. The results indicate
that while consumers are open to sustainability narratives, they do not accept them un-
critically, reflecting a more informed and selective audience.

From a network perspective, the analysis highlights the importance of central actors
and influencer-driven structures in shaping the discourse. The presence of highly con-
nected nodes acting as hubs confirms the relevance of social influence theory, in which
key opinion leaders significantly influence the flow of information and sentiment
within the network [50]. These actors not only amplify messages but also serve as gate-
keepers of credibility, particularly in sustainability discussions. This finding reinforces
the strategic importance of influencer authenticity, as consumers increasingly rely on
trusted individuals rather than brands when interpreting sustainability claims [S1]. Con-
sequently, the effectiveness of green marketing communication is closely tied to the
credibility and network positions of these influential actors.

Sentiment index analysis further reveals that while the overall tone of the discourse
is slightly positive, it is characterised by fluctuations and occasional negative spikes.
These spikes indicate moments of heightened critical engagement, potentially triggered
by controversial content, misinformation, or scepticism about green marketing prac-
tices. This pattern supports the concept of episodic attention cycles, in which public
interest and sentiment shift rapidly in response to specific events [43]. Importantly,
these fluctuations suggest that sentiment in digital environments is dynamic rather than
static, requiring continuous monitoring and adaptive communication strategies from
firms.

Other notable implications drawn from the results are the lack of emotional diversity
in terms of the high prevalence of positive emotions like “happiness” and the rare oc-
currence of any other emotional states. Although on the surface this seems good for the
brand from an image perspective, it also means that there is little depth when it comes
to emotions. As per consumer culture theory, the development of genuine relationships
between consumers and their preferred brand is done via complicated emotions and not
simply happiness [47], [52].

The final advantage of the combination of SNA and sentiment analysis in the current
research relates to the methodological contribution made to marketing studies. Specif-
ically, the joint consideration of the structure of network and dynamics of sentiments
helps obtain a more holistic view of sustainability discourse formation and dissemina-
tion in the digital environment [21], [53]. In this respect, researchers and professionals
will be able not only to assess consumers’ emotions but also learn how they propagate
among people in a social network[22]. On a practical level, the results of the study
demonstrate the necessity for data-driven marketing practices focused on influencers’
networks and changing sentiments [54], [55].

Another limitation relates to the validation of the sentiment classifier, which, as the
platform-based classifier did not undergo independent validation through manual label-
ing using a corpus related specifically to sustainability, should be the focus of future
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studies. Future research is encouraged to apply manually labelled datasets and cross-
validation procedures to strengthen classification reliability.

4 Conclusion

The current analysis shows that the opinions of consumers concerning the sustainability
of plant-based and dairy milks on Twitter are mostly neutral to slightly positive, which
shows that the narrative is more of an informational one with rather positive views
about this topic. Opinions on the matter are not evenly spread out but are clustered into
certain interaction communities, which means that communication takes place under
network conditions rather than in a random manner.

In addition, the study established that important players, specifically those with high
connectivity such as influencers and central nodes, play an important part in spreading
the discourse on sustainability. They act as opinion leaders who link between various
user groups and help shape the way in which information flows and becomes visible.
Due to their central position within the network, they are able to propagate positive as
well as negative narratives and, therefore, have a significant impact on how sustaina-
bility discourse is perceived by other parties.

Regarding comparative dynamics, it can be observed that there are different patterns
and configurations of sentiments and networks, which signify the existence of different
sustainability framings in the two types of milk. Even though there is still a positive
sentiment overall, the occurrence of negative spikes along with interaction clustering
demonstrates that there are some contestations taking place among the participants re-
garding matters such as authenticity and sustainability.

Nevertheless, this study is not without limitations. The relatively small dataset of
223 posts and the absence of independent domain-specific validation of the sentiment
classifier represent areas for methodological improvement. Future research is encour-
aged to employ larger, longitudinal datasets and to apply manually labelled corpora
with cross-validation procedures to enhance the robustness and generalisability of find-
ings across different sustainability discourse contexts.

Finally, the study demonstrates that Twitter-based sentiment patterns and network
structures provide valuable complementary insights for evaluating the effectiveness of
sustainability-driven marketing. By integrating sentiment analysis with social network
metrics, firms can better understand consumer perceptions as well as how these percep-
tions spread and evolve over time. This approach enables more strategic decision-mak-
ing in brand positioning and communication, particularly in the alternative protein in-
dustry, where trust, authenticity, and timely engagement are critical. Overall, the study
underscores the importance of leveraging both sentiment intelligence and network an-
alytics to enhance marketing performance and support sustainable business growth.
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