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A B S T R A C T

Understanding consumer acceptance of plant-based (PB) alternatives is essential for fostering sustainable dietary 
transitions. This study combined electroencephalography (EEG) and self-reported measures to examine implicit 
and explicit responses to PB alternatives versus animal-based (AB) traditional foods — belonging to meat, fish, 
and dairy food types—across visual, olfactory, and gustatory experimental phases. Thirty-six participants eval
uated matched PB and AB foods while EEG indices of approach–withdrawal (AW) and mental workload (WL) 
were recorded.

Results showed AB products globally received higher ratings for taste, familiarity, and purchase intention, 
whereas PBs were rated as more sustainable. From a neurophysiological point of view, tasting PB foods induced 
higher WL, which negatively correlated with liking and purchase intention, suggesting that greater cognitive 
effort reduced explicit acceptance. Conversely, AW positively correlated with tastiness, and purchase intention 
for PB alternatives and was also higher for AB products during the visual-olfactory presentation phase, reflecting 
greater familiarity.

Psychographic traits modulated responses: a lifestyle of health and sustainability (LOHAS scores) was asso
ciated with more favorable PB ratings, although without corresponding EEG indices, while food neophobia was 
linked to increased WL and reduced AW across both PB and AB products, indicating lower cognitive engagement 
despite unchanged self-reports.

By combining neuroscience and behavioral measures, this multi-method approach offers novel insights into 
consumers' perceptions of plant-based foods. Findings emphasize the dual roles of cognitive effort and approach 
motivation in food evaluations and highlight practical implications for developing and marketing plant-based 
products aligned with consumer expectations.

1. Introduction

In recent decades, environmental sustainability has become an ur
gent global priority, driven by the intensifying ecological consequences 
of agri-food systems (IPCC, 2022; Hong et al., 2025). Food production 
contributes significantly to greenhouse gas (GHG) emissions, with 
livestock-based foods (meat and dairy) production accounting for about 

57–60 % of food system emissions worldwide (FAO, 2024; Xu et al., 
2021).

More broadly, animal-source foods are responsible for the majority 
of negative impacts on land and water use, biodiversity, and GHG 
emissions in global food systems (Kozicka et al., 2023). Climate change 
linked to GHG emissions represents one of the most significant chal
lenges of our time, with numerous risks to natural and human systems 
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expected to intensify after 2040 (IPCC, 2022).
Among agri-foods sector, the animal-based foods supply chain is 

widely recognized as one of the leading contributors to anthropogenic 
GHG, as well as a major driver of deforestation and excessive freshwater 
use (Crippa et al., 2021; FAO, 2022). Recent studies estimate that the 
global agri-food system accounts ~34 % of total GHSs, with livestock 
production alone contributing ~57 % of the food sector's emissions 
(Crippa et al., 2021; Adelodun et al., 2025 for a review).

In light of this evidence, the scientific community increasingly ad
vocates for a transition toward more sustainable dietary patterns—such 
as plant-based or flexitarian diets—as one of the most effective strategies 
to reduce the environmental footprint of the food sector (Clark et al., 
2022; Willett et al., 2019; Tirion et al., 2025). Within this context, 
plant-based (PB) meat alternatives − products designed to mimic meat 
in terms of texture, taste, aroma, appearance, and chemical properties 
(Majcher, 2025) − have gained growing attention. These products show 
the potential to reduce GHGs by up to 90 %, land use by 89 %, and water 
consumption by 95 %, compared to their animal-based counterparts 
(Poore and Nemecek, 2018; Heller and Keoleian, 2018).

Beyond environmental benefits, plant-based diets are also associated 
with direct human health advantages (Rockström et al., 2025). High 
consumption of red and processed meat has been linked to an increased 
risk of non-communicable diseases, including type 2 diabetes, colorectal 
cancer, and reduced life expectancy (González et al., 2020; Harguess 
et al., 2020; Duan et al., 2025). Despite these well-documented benefits, 
however, significant barriers continue to hinder dietary transitions, 
particularly among non-vegetarian consumers. Obstacles include issues 
of availability, accessibility, and cultural, religious, social, economic, 
and legal constraints, that critically shape food choices (Abe-Inge et al., 
2024). In fact, even when plant-based meat alternatives achieve sensory 
attributes and pricing comparable to conventional meat, many con
sumers still express a marked preference for animal-based options 
(Slade, 2018; Michel et al., 2021a,b). Specifically, using a theoretical 
consumer choice model, Slade (2018) found that even when price and 
taste were held constant, 65 % of consumers still preferred traditional 
meat, while only 21 % opted for a plant-based alternative. These find
ings suggest that food choices are not always driven by rational but often 
by automatic processes, habitual behaviors, and deeply embedded 
cognitive mechanisms. Furthermore, these findings highlight a critical 
paradox in sustainable consumption: although plant-based alternatives 
are often explicitly endorsed for their environmental and ethical bene
fits, they are frequently rejected in a real choice context. This discrep
ancy reflects the well-documented divergence between explicit attitudes 
and implicit evaluative processes in consumer decision making 
(Plassmann et al., 2015; Panteli et al., 2024). Indeed, human choices are 
often governed by automatic, affective, and habitual processes rather 
than fully rational deliberation (Kahneman, 2011). Furthermore, ac
cording to dual-process models of cognition, human judgments and 
decisions are governed by two interacting system: a fast, automatic, and 
implicit processing system (System 1), and slower, reflective and 
controlled processing system (System 2), which supports deliberate 
evaluation and value-based reasoning (Evans and Stanovich, 2013).

This implicit-explicit divergence is particularly relevant in the 
context of novel or controversial foods, such as PB alternatives, where 
sustainability motivations coexist with sensory skepticism and cultural 
resistance.

Recent research has shown that consumer acceptance of alternative 
proteins is influenced not only by rational evaluations of healthiness and 
sustainability, but also by psychological and contextual factors that 
shape perceived familiarity and comfort. For example, the work of 
Abdul Kareem and colleagues (Abdul Kareem et al., 2025) highlight that 
affective reactions, neophobia, perception of naturalness, and expecta
tions regarding sensory quality are among the strongest predictors of 
acceptance, often outweighing objective nutritional or environmental 
considerations. Extending this perspective, recent work demonstrates 
that favorable stated attitudes may mask underlying psychological 

barriers that emerge during experiential or sensory evaluation, rein
forcing the need to examine conscious and implicit responses (Yuan 
et al., 2025; Wang et al., 2026).

Specifically, Yuan et al. (2025) demonstrated that psychological 
distance and perceptions of “eeriness” significantly contribute to con
sumer reluctance toward alternative proteins, and that reducing this 
distance through transparency mechanisms, such as blockchain, can 
mitigate negative attitudes. Similarly, Wang et al. (2018) found that 
acceptance of unconventional food sources, such as insect-based prod
ucts, varies as a function of social framing, highlighting the role of 
perceived credibility and perceived healthiness in shaping consumer 
responses. Together, these findings suggest that explicit endorsement of 
sustainable food innovations may coexist with underlying forms of 
hesitation or discomfort driven by perceptions of novelty, unfamiliarity, 
and symbolic incongruence. This tension—consistently documented in 
recent research on alternative proteins (Stubelj et al., 2025; Onwezen 
et al., 2025 Nguyen et al., 2022 for reviews) highlights the importance of 
investigating both conscious evaluations and deeper evaluative pro
cesses in the study of plant-based food acceptance.

Globally, consumer food choices are influenced by a wide range of 
variables, some of which are captured within consumer decision-making 
frameworks such as the Engel-Blackwell-Miniard model, (Blackwell 
et al., 2006) which describes how internal cognitive and affective pro
cesses interact with external influences to shape food choices. Moreover, 
as Casiraghi and colleagues (2025) observe, the eating experience is a 
complex and multisensory process shaped by social, cognitive, 
emotional, and physiological factors. Taken together, this body of evi
dence highlights the importance — and even the urgency — of incor
porating implicit (automatic) mental measures into analyses of the 
psychological and behavioral mechanisms shaping consumer accep
tance of plant-based alternative products.

Within this context, consumer neuroscience (Song et al., 2025) offers 
a valuable contribution. This emerging field investigates consumers' 
cognitive and emotional responses beyond conscious awareness, using 
neurophysiological methods such as electroencephalography (EEG) 
(Plassmann et al., 2015; Harris et al., 2020). While EEG has been applied 
extensively in advertising and branding research (Alsharif and Isa, 2025
for a review), its application within food-related contexts remains 
limited, particularly concerning plant-based alternatives (Casiraghi 
et al., 2025) despite the fact that it can provide useful and detailed data 
to support the understanding of consumer responses to food (Songsamoe 
et al., 2019), and even more so in studies on PBMAs. Indeed, EEG en
ables the detection of implicit brain responses—such as affective re
actions, attention, motivational tendencies, and rejection—that are not 
accessible through self-report measures, making it a particularly suitable 
tool for investigating consumers’ acceptance of PBMAs (Casiraghi et al., 
2025).

Moreover, recent studies show that EEG can neurally discriminate 
between different taste modalities (e.g., sweet, bitter) and assess the 
hedonic valence of food in real time, which is highly valuable for eval
uating reactions to plant-based formulations (Yang et al., 2023).

Furthermore, a recent systematic review of EEG-based neuro
marketing highlights that EEG offers superior temporal resolution, 
greater objectivity, and more robust predictive power for consumer 
preferences and purchase intentions compared with traditional self- 
report methods (Khondakar et al., 2024).

Among EEG-derived metrics, frontal alpha asymmetry—also termed 
the approach-withdrawal (AW) index—has become a well-established 
marker of motivational orientation toward stimuli (Davidson, 1992; 
Harmon-Jones et al., 2010). It reflects a preconscious tendency toward 
approach or avoidance and has been linked to food pleasantness and 
purchase intention (Di Flumeri et al., 2017; Modica et al., 2018).

By contrast, EEG-based measures of mental workload (WL), indexing 
cognitive effort and information processing demands, remain largely 
underexplored in food neuroscience. WL has primarily been employed in 
ergonomics and cognitive load research (Borghini et al., 2012) with 
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scarce applications to food evaluation and almost no systematic inves
tigation in PBMA studies (e.g., Stuldreher et al., 2022; Martinez-Levy 
et al., 2019). This represents a critical gap, as workload may significantly 
influence consumers' tolerance toward novel food by imposing cognitive 
strain that undermines sensory enjoyment and acceptance (see for 
example van Meer et al., 2023). Furthermore, psychographic traits, as 
previously noted, contribute to shaping these implicit and explicit 
responsesFood neophobia—the reluctance to try unfamiliar foods 
(Ozturk and Dikmen, 2023) —has been shown to negatively affect 
willingness to adopt novel protein sources, including insect-based and, 
to a lesser extent, plant-based alternatives (Sogari et al., 2019; Bryant 
et al., 2019). It is often rooted in evolutionary protective mechanisms 
and is triggered by novel ingredients, unorthodox preparation methods, 
or atypical appearance (Barrena and Sánchez, 2013). Individuals with 
high levels of food neophobia tend to favor conventional, highly pro
cessed, and familiar products, placing greater importance on 
safety-related cues such as product standardization and visual flaw
lessness (Welk et al., 2025). Therefore, food neophobia is likely to 
negatively influence consumers’ willingness to adopt innovative food 
products. Conversely, value-driven orientations such as Lifestyles of 
Health and Sustainability scale – LOHAS (Choi and Johnson, 2021) are 
associated with greater openness to alternative proteins (Graça et al., 
2019; Hoek et al., 2011). LOHAS individuals are indeed characterized by 
cognitively grounded ecological and rational values, which guide their 
consumption choices toward sustainability, ethical production, and 
long-term environmental responsibility (Pícha, et al., 2019) Therefore, 
from a theoretical perspective, food neophobia aligns with automatic 
avoidance process (System 1), whereas LOAHS reflects more deliberate, 
reflective motivation (System 2), highlighting their relevance within 
dual-process and motivational system frameworks. Furthermore, recent 
studies reiterate that the psychological drive to explore new products 
and experiences is the main catalyst for the adoption of eco-friendly 
products (Zhao et al., 2025). Despite this, little is known about how 
such psychographic traits shape implicit neural responses and whether 
they align with or diverge from explicit attitudes in the evaluations of PB 
products.

Therefore, the present study aims to address these gaps by inte
grating EEG recordings with self-report measures to systematically 
examine implicit and explicit responses to plant-based versus animal- 
based foods across three experiential phases: packaging observation, 
combined visual-olfactory presentation, and tasting. Specifically, the 
research pursued three objectives: (1) to compare explicit and neural 
responses to PB and traditional foods; (2) to examine the relationship 
between self-reported evaluations and EEG-derived indices, such as AW 
and mental workload (WL); and (3) to explore how individual differ
ences in food neophobia and LOHAS orientation shape both explicit and 
implicit responses.

By explicitly addressing the implicit–explicit gap highlighted in 
recent alternative-protein research combining behavioral and neuro
physiological data, the present study aims to advance current knowledge 
on implicit food evaluation. In doing so, it contributes to ongoing de
bates on the psychological barriers hindering the adoption of sustainable 
diets, while also providing a more robust foundation for product 
development, positioning, and communication strategies within the 
food sector.

2. Materials and methods

2.1. Participants

Thirty-six healthy volunteers (Mean age = 23.9, St. Dev. = 2.3 years; 
66.7 % female, 30.6 % male, and 2.8 % non-binary) took part in the 
study. Most were university students (75 %), among the remainder 
employed (16.6 %), unemployed (5.6 %), or combining work and study 
(2.8 %). All participants were Italian nationals, reported normal or 
corrected-to-normal vision, and intact olfactory and gustatory function. 

Exclusion criteria included vegetarian or vegan diets (due to tasting of 
animal-based foods), self-report food allergies or intolerance, and recent 
intake of caffeine, alcohol, nicotine, or other stimulants within 4 h of 
testing, as these can alter EEG spectral activity and sensory perception, 
particularly in young adults (Foxe et al., 2012; Mento et al., 2020). All 
participants provided written informed consent prior to taking part in 
the study. The study protocol was approved by the local ethics com
mittee and complied with the Declaration of Helsinki (1975, revised 
2013).

2.2. Food stimuli

Six commercially available food products were selected and grouped 
into three categories: Meat, Fish, and Dairy. Each category included one 
animal-based (AB) traditional product and one plant-based (PB) alter
native, yielding three matched pairs for comparison. Selection criteria 
emphasized visual and packaging similarity, in order to reduce the po
tential influence of the different saliency between pairs of products, 
instead of the characteristics of them, and to enhance the ecological 
validity and reduce confounding factors (Köster, 2009; Fernqvist et al., 
2024). All products were sourced from major retailers and represented 
widely available items. All products were stored under 
manufacturer-recommended conditions and served at room temperature 
before testing.

During the packaging phase (see 2.3 for protocol details), products 
were shown in their original commercial form. For presentation and 
tasting phases, standardized portions were served on neutral white 
plates to minimize brand or presentation -driven bias (Lawless and 
Heymann, 2010). On each day of testing, food samples were prepared in 
advance, covered, and stored in a refrigerator (~4 ◦C) until needed. 
They were removed from the refrigerator and served to participants 
within 25 min (Jaeger et al., 2025). The selected pairs are shown in 
Fig. 1).

2.3. Experimental design and protocol

The experiment followed a within-subject design and was structured 
into two sessions. During the “neuro-taste session”, each participant was 
exposed to each of the six food products included in the study (three AB, 
three PB). The order of food categories (Meat, Fish, Dairy) and the 
starting condition (AB vs. PB) were pseudo-randomized among partici
pants, with the aim of mitigating eventual order effects, while matched 
pairs (e.g., PB meat vs. AB meat) were always presented consecutively to 
allow controlled comparisons. Each product was evaluated through a 
structured four-phase sequence, details below, established based on the 
literature on sensory evaluation of food (Lawless and Heymann, 2010), 
and follows the natural order of food consumption, from initial obser
vation to tasting and cleansing the palate. 

Phase 1: Packaging observation (10 s): participants viewed the pack
aged product, then rated: aesthetic appeal, expected taste, familiar
ity, healthiness, sustainability, and purchase intention on 0–100 
Visual Analogue Scale (VAS).
Phase 2: Presentation (visual olfactory experience) (10 s): the 
unwrapped product was observed and smelled, followed by the same 
VAS ratings described in Phase1. This phase provided full access to 
visual and olfactory cues prior to tasting.
Phase 3: Tasting (≥10 s): participants tasted the product and 
completed the VAS again, adapted for gustatory evaluation. As visual 
and olfactory information had already been provided in phase 2, this 
phase constituted a full multisensory tasting experience in line with 
published literature (Auvray and Spence, 2008; Prescott, 2015; 
Spence et al., 2015).
Phase 4: Palate cleansing: unsalted crackers and still water were 
consumed between samples to minimize carryover effects.
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After the neuro-tasting session, participants completed a demographic 
module and validated psychometric questionnaires assessing food neo
phobia (Pliner and Hobden, 1992) and sustainability-oriented values 
(LOHAS; Choi and Johnson, 2021) (tests session). The experimental 
protocol is summarized in Fig. 2.

2.4. Experimental measures

2.4.1. Psychometric questionnaires
To capture individual differences in food-related attitudes, two 

validated instruments were administered at the end of the experiment: 
the Food Neophobia Scale (FNS; Pliner and Hobden, 1992), and the 
LOHAS scale (Hsu, 2020; Choi and Johnson, 2021). The FNS measures 
reluctance to try novel foods, a trait linked to negative taste expectations 
(Sogari et al., 2019) and perceived risks of contamination (Martins and 
Pliner, 2006); LOHAS scale measures sustainability-oriented values 
capturing health- and environment-driven consumption patterns.

2.4.2. EEG acquisition and signal processing
Electroencephalographic (EEG) data were continuously recorded 

throughout the Mindtooth Touch EEG headset (https://www.mindtooth 
-eeg.com/) (accessed on october 2025), which has already been used for 
the assessment of psychophysiological variables in cognitive neurosci
ence protocols (Sciaraffa et al., 2022; Inguscio et al., 2024). The system 
has 8 electrodes, placed, according to the 10–10 system (Oostenveld and 
Praamstra, 2001) in frontal (AFz, AF3, AF4, AF7, AF8) and parietal (Pz, 
P3, P4) cortices plus ground (left mastoid) and reference (right mastoid) 
all recorded at a sampling frequency of 250Hz through the use of the 
proprietary software. The acquired EEG signal was then processed 
off-line. We used a fifth-order Butterworth band-pass filter (2–30Hz 
interval) to remove all the non-relevant frequencies and all the segments 
of interest for the investigation have been identified to prepare the data 
to the subsequent analysis. Next, the artifact removal involved two steps: 
in the first one, ocular artifacts were detected by employing the O-clean 
method that uses Multichannel Wiener Filters (MWF) to correct 
contaminated EEG data, that allows to retain more physiological data in 
settings where a limited number of EEG channels is used (Ronca et al., 
2024); in the second step to remove other sources of artifacts, we split 
the data into 1 s epochs and with a threshold method we labeled as 
artifact contaminated all the epochs where EEG exceeded the value of 
±80 μV and discarded from the analysis (Hubbard et al., 2019). Finally, 
the Global Field Power (GFP) was calculated from the artifact-free EEG 
with a focus on the frequency band of interest for the aim of this study, 
Alpha and Theta over the frontal area of interest (AOI), channels AFz, 
AF3, AF4, AF7, and AF8 and the parietal AOI (channels Pz, P3, P4). 
These bands were defined accordingly with the Individual Alpha Fre
quency (IAF) value. Specifically, the IAF corresponds to the peak in the 
alpha band (typical IAF value is 10 Hz) obtained from the power spec
trum of individual EEG signals over parietal sites during a rest condition 
(Klimesch, 1999), so we estimated it specifically from each subject 
through 1 min of eyes closed, which was recorded before starting the 
experiment. Therefore, frequency bands were determined individually 

Fig. 1. Food stimuli used in the experiment. Left: Commercial food products used in the experiment, categorized by product type (Meat, Fish, Dairy) and source 
(Plant-Based-PB vs Animal-Based-AB). Meat PB: Valsoia Plant-Based Bresaola - Meat AB: Beretta Bresaola, Fish PB: Insuperabile Plant-Based Tuna Trancetti - Fish AB: 
Rio Mare Tuna in Olive Oil, Dairy PB: Vegetal Grattaveg Cheese Alternative - Dairy AB: Parmigiano Reggiano DOP. Right: Food products as proposed during the 
experimental protocol (in packaging and plated).

Fig. 2. Graphical representation of the experimental protocol employed.
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for each participant by using the IAF as the cutoff point between the 
lower and upper alpha band: alpha (IAF − 2 ÷ IAF + 2), and theta (IAF - 
6 ÷ IAF - 2). The GFP was chosen because it describes brain EEG activity 
with the advantage of representing, in the time domain, the degree of 
synchronization of a specific cortical region of interest in a specific 
frequency band (Di Flumeri et al., 2023).

Moreover, prior to the beginning of the experimental session, a 1 min 
with open eyes recording has been acquired with participants looking at 
the desk in front of them, where the experimental session will later take 
part, in order to obtain a reference baseline period used to normalize 
data across participants.

2.4.3. EEG indices
From the GFP data, two neurometric indices were computed.
The first index–AW–reflects hemispheric asymmetry in frontal alpha 

activity, calculated as: 

AW= log
(
GFPαright

)
− log

(
GFPαleft

)

Positive values indicate stronger left frontal (AF3 and AF7 elec
trodes) activation or approach-related motivation, whereas negative 
values reflect right frontal (AF4 and AF8 electrodes) dominance or 
avoidance, consistent with affective neuroscience models in normal and 
clinical populations (Davidson, 1992; Inguscio et al., 2021; Cartocci 
et al., 2016).

The second index–WL–quantifies the ratio of frontal theta activity 
(AFz, AF3, AF4, AF7 and AF8 electrodes) to parietal alpha activity (Pz, 
P3 and P4 electrodes): 

WL=
GFPθfrontal

GFPαparietal 

Higher values reflect increased cognitive effort or task demand, in 
line with established workload models (Gevins and Smith, 2000; 
Inguscio et al., 2022).

Both indices were then normalized using each participant's baseline 
EEG activity. A z-score transformation was applied to account for inter- 
individual variability and ensure comparability across tasks and 
participants: 

Z=
Xtask − μbaseline

σbaseline 

where Xtask is the GFP calculated index (AW or WL) during a given task 
phase, μbaseline is the average GFP calculated index during the baseline, 
and σbaseline is the corresponding standard deviation.

For clarity, the EEG-derived indices used in this study can be sum
marized as follows: the approach–withdrawal (AW) index reflects im
plicit motivational orientation toward the stimulus, with higher values 
indicating stronger approach-related motivation, whereas the workload 
(WL) index reflects cognitive effort, with higher values indicating more 
demanding information processing.

2.5. Statistical analysis

Inferential statistical analyses were conducted on implicit neuro
physiological (approach-withdrawal, AW; mental workload, WL), psy
chographics (LOHAS; food neophobia), and explicit declared (liking; 
familiarity; tastiness; purchase intention; healthiness; sustainability) 
variables to assess within-subject differences between AB and PB prod
ucts across the three experimental phases (packaging; presentation; 
tasting). All comparisons were phase-specific, meaning that each mea
sure was analyzed only within the corresponding phase (e.g., AW during 
tasting was compared with liking ratings during tasting). No cross-stage 
comparisons were performed to maintain consistency of sensory and 
cognitive context. To address the main objective—identifying general
ized patterns in responses to PB versus AB foods —data were aggregated 
by product category. Ratings for the three PB alternatives (meat, fish, 

dairy) were averaged to create a composite PB score, and the same 
procedure was applied to AB products.

Statistical tests were used to compare PB and AB scores. When the 
normality assumption (Shapiro-Wilk test, Shapiro and Wilk, 1965) was 
met, paired t-tests were applied; otherwise, Wilcoxon signed-ranked 
tests were used. For all comparisons, effect sizes (matched pairs 
rank-biserial correlations rrb or Cohen's d) were reported to quantify the 
magnitude and practical relevance of the observed differences. No 
multiple-comparison correction was applied, given the exploratory na
ture of the study and the relatively small sample size, a choice made to 
avoid inflating Type II errors. Associations between implicit (EEG) and 
explicit (self-reported) responses were explored using correlations ana
lyses. Pearson's correlation coefficient (r) were calculated to test linear 
relationships, while Spearman's coefficient rho (ρ) was included to 
capture non-linear associations. Finally, psychographic variables (food 
neophobia and LOHAS) were correlated with both EEG indices and 
explicit behavioral responses to examine how attitudes toward food 
novelty and sustainability influenced product perception. Statistical 
analyses were performed using the software JASP version 0.19.3.0. 
α = 0.05 was the threshold value used to determine the statistical sig
nificance of the tests.

3. Results

3.1. Declarative and neurophysiological responses to plant-based vs. 
animal-based foods

Comparisons between plant-based (PB) alternatives and animal- 
based (AB) foods revealed significant differences at both declarative 
and neurophysiological levels.

At the declarative level, AB products were rated more positively than 
PB alternatives in terms of liking, tastiness, familiarity, and purchase 
intention across all experimental phases (all p < 0.001; 0.850≤ rrb ≤1). 
Conversely, PB products received higher ratings for perceived sustain
ability across all phases (0.001 < p ≤ 0.006; 0.529 ≤ rrb ≤0.911) (Fig. 3). 
No significant differences were observed in perceived healthiness during 
presentation and packaging phases, while a significant effect emerged 
during the tasting phase (p = 0.01): AB products were perceived as 
healthier than PB (Fig. 4).

At the neurophysiological level, EEG-based measures revealed 
distinct patterns between product types. The WL index was signifi
cantly higher during the tasting phase of plant-based alternatives 
compared to animal-based foods (t (35) = − 2.34, p = 0.02; d = 0.16), 
indicating increased cognitive effort during PB evaluation (Fig. 5). 
Regarding implicit motivational responses, the AW index was higher 
during the visual exposure (presentation phase) to animal-based foods (t 
(35) = 2.01, p = 0.05; d = 0.18), suggesting a stronger early approach- 
related activation for traditional (Fig. 6).

3.2. Correlations between neurophysiological responses and declarative 
product evaluations

Correlation analyses were performed between EEG indices (WL, AW) 
and self-report ratings across the three protocol phases.

For implicit mental workload, significant associations emerged only 
for plant-based products during the presentation phase. WL showed a 
negative correlation with both aesthetic liking (r = − 0.45, p = 0.005) 
and purchase intention (r = − 0.34, p = 0.03) (Fig. 7), indicating that 
increased cognitive effort at the initial visual stage was linked to less 
favorable evaluations of plant-based foods. No significant WL correla
tions were found for animal-based products.

AW index showed several positive associations, particularly for 
plant-based products. During the tasting phase, AW was positively 
associated with perceived tastiness (r = 0.40, p = 0.01) and purchase 
intention (r = 0.41, p = 0.01) (Fig. 8), suggesting that stronger left- 
frontal activation (approach motivation) reflected more favorable 
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gustatory evaluations.
For AB foods, a significant positive correlation was found only during 

the packaging phase, between AW and aesthetic liking (r = 0.37, 
p = 0.02), suggesting that familiar and visually attractive traditional 
products elicited higher approach-related neural engagement during 
early visual exposure (Fig. 9).

3.3. Correlations between psychographic variables and both declarative, 
and neurophysiological responses

The analysis of psychographic traits revealed distinct patterns of 

association with both self-report evaluations and EEG-derived 
neurometrics.

Regarding food Neophobia, no significant correlations were 
observed with self-report ratings (p > 0.05). However, higher neophobia 
scores were positively correlated with increased WL during the presen
tation phase, for both AB (r = 0.41, p = 0.001), and PB alternatives 
(r = 0.35, p = 0.03), and during packaging phase for AB foods (r = 0.424, 
p = 0.010), (Fig. 10). In addition, food neophobia was negatively 
correlated with the AW index during the tasting phase, for both PB 
(r = − 0.38, p = 0.02), and AB (r = − 0.35, p = 0.03), products (p < 0.05) 
(Fig. 11).

In contrast, the LOHAS scores showed consistent positive associa
tions with declarative measures, particularly for PB products. Higher 
LOHAS values were related to greater ratings of liking, tastiness, and 
purchase intention during the packaging phase, and with liking during 
the presentation phase and in tastiness during the tasting phase. For 
animal-based products, LOHAS scores correlated positively with taste 
and liking during, respectively, the tasting and presentation phases 
(p < 0.05) and during the packaging phase with the intention to buy (see 
Table 1).

Finally, no significant associations were found between LOHAS 
scores and EEG indices.

4. Discussion

By combining declarative and implicit neurophysiological measures, 
this study offers a nuanced understanding of how consumers perceive 
and respond to PB alternatives compared to AB traditional foods.

Fig. 3. Comparisons between self-reported evaluation on sustainability for animal-based vs. plant-based products across the 3 protocol phases (tasting; presentation; 
packaging). (*p-value ≤ 0.05; **p-value < 0.01; ***p-value < 0.001).

Fig. 4. Comparison of self-reported evaluations of healthiness for animal-based 
vs. plant-based products during the tasting phase (p ≤ 0.05).

Fig. 5. Mental workload values during the tasting phase for plant-based vs. 
animal-based products. (*p-value ≤ 0.05).

Fig. 6. Approach–Withdrawal (AW) values during the presentation phase for 
PB vs. AB products (*p-value ≤ 0.05).
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4.1. Implicit and explicit evidences

Participants consistently rated traditional AB foods higher than PB 
alternatives in terms of aesthetic appeal, perceived taste, familiarity, 
and purchase intention (p < 0.001), confirming prior research link
ingexplicit preference to familiarity and sensory expectations (Michel 
et al., 2021a,b; Elzerman et al., 2011; Hoek et al., 2011; Bryant and 
Barnett, 2020). In contrast, PB alternatives were systematically 
perceived as more sustainable (Fig. 3), highlighting sustainability as a 
key advantage (Ares et al., 2021; Lazzarini et al., 2016).

Interestingly, no significant differences in perceived healthiness 
emerged between AB and PB during packaging and visual-olfactory 
presentation phases, whereas AB products were considered healthier 
during tasting phase (Fig. 4). This may reflect a growing consumer 
awareness of the so-called “health halo effect”, in which specific positive 
features lead to an overestimation of a product's health value 
(Aschemann-Witzel et al., 2020). In fact, the perception of PB products 
as highly processed or artificial, being the selected PB alternative foods 

mimicking traditional AB ones, could also attenuate their perceived 
health benefit (Czado et al., 2022), suggesting that sustainability 
messaging alone is insufficient to build comprehensive positive attitudes 
toward these alternatives.

EEG data mirrored these explicit preferences. During the presenta
tion phase (following the packaging phase), AW was higher for AB 
products (Fig. 6), indicating stronger implicit approach motivation 
driven by and cultural embedding (Reimann et al., 2010). By contrast, 
PB alternatives —being relatively recent and less symbolically 
coded—elicited weaker affective responses (Aschemann-Witzel et al., 
2021; Vogel et al., 2022). These results align with the findings of Li and 
colleagues (2024), who showed that packaging elements strongly shape 
consumer perceptions by mediating the trade-off between taste and 
healthiness. Together, these findings highlight how targeted packaging 
strategies can effectively influence consumer evaluations by balancing 
health-related and hedonic cues. This finding aligns with recent work by 
Wang et al., (2026), who demonstrated that acceptance of unconven
tional food sources is strongly modulated by social and informational 

Fig. 7. Associations between Mental Workload (WL) Index during the presentation phase of plant-based products. The scatter plot shows the Pearson correlation 
between WL and liking (a) and willingness to buy (b) during the presentation phase of experimental protocol.

Fig. 8. Associations between the Approach-Withdrawal Index (AW) during the tasting phase of plant-based products. The scatter plot shows the Pearson correlation 
between AW and tastiness (a) and willingness to buy (b) during the tasting phase of the experimental protocol.
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framing, particularly through perceived credibility and healthiness. Our 
results extend this perspective by showing that such framing effects are 
also detectable at the implicit neurophysiological level, influencing both 
approach motivation and cognitive workload.

During the tasting phase, WL was significantly higher for PB foods 
than for AB ones (Fig. 5), suggesting that evaluating PB items involved 
greater cognitive effort. While previous research has associated novel or 
incongruent stimuli with increased theta activity and decreased parietal 
alpha (Liu et al., 2020), such patterns have rarely been observed in 
direct gustatory contexts. From a theoretical perspective, the increase 
WL can be interpreted as the activation of controlled cognitive pro
cessing required to resolve the mismatch between expected and actual 
sensory proprieties of unfamiliar foods, in line with studies showing that 
theta and alpha band activity reflect functionally related processes 
involved in response inhibition under perceptual conflict (Pscherer 
et al., 2023). This interpretation is consistent with recent evidence 
showing that psychological distance and feeling “earrings” toward 
alternative proteins increase cognitive discomfort and resistance, 
particularly when products deviate from established sensory and cul
tural schemas (Yuan et al., 2025). Similarly, Vanutelli et al. (2025)
found that, even when plant-based foods are evaluated positively at the 

explicit level, older adults exhibited negative automatic attitudes and 
lower intention to consume, indicating that implicit resistance can arise 
independently of conscious preference. In this sense, elevated WL may 
reflect an implicit manifestation of such psychological distance, 
emerging prior to explicit rejection.

Within this framework, cognitive workload operates as a mediating 
mechanism linking product unfamiliarity to reduced explicit liking: 
when PB products deviate from established sensory schemas, consumers 
must invest greater mental resources to interpret and evaluate them, 
which subsequently diminishes hedonic appreciation and purchase 
intention. For example, EEG studies have shown that tasting foreign 
products elicits higher mental effort and less familiar perception 
compared to local products (Martinez-Levy et al., 2019). Similarly, 
Modica and colleagues (2018) reported increased mental effort during 
interactions with foreign products. Consistent with this, WL was also 
negatively associated with liking and purchase intentions for PB prod
ucts (Fig. 7) during the presentation phase. Similar effects have been 
reported in other domains such as media and advertising—for instance, 
Vecchiato et al. (2011) showed that high cognitive workload during TV 
commercial viewing was linked to reduced activation in brain regions 
associated with emotional engagement and pleasantness perception. 
Furthermore, regarding the mediation of cognitive load in food 
perception, previous studies have demonstrated that cognitive load can 
interfere with the sensory processing of food and beverages. For 
instance, van der Wal and van Dillen (2013) found that the perceived 
intensity of certain substances diminished as cognitive load increased. 
Similarly, Liang et al. (2018) showed that high cognitive load reduces 
taste sensitivity. Additionally, a study by van Meer et al. (2023) suggests 
that cognitive load attenuates the sensory processing of foods, as evi
denced by both behavioral responses and neuroimaging data. Finally, 
Lim and colleagues (2023), using EEG, propose that during the pro
cessing of food images, a reduction in perceived pleasure may be linked 
to the brain's effort to automatically retrieve and process taste-related 
information from these images, which in turn influences food liking 
and preferences. Thus, the higher WL observed for PB products reflects a 
reduction in perceptual fluency, whereby consumers experience 
increased cognitive friction that weakness the automatic hedonic pro
cessing typically associated with food enjoyment. Taken together, these 
findings suggest that the unfamiliar visual-olfactory profiles typical of 
many plant-based foods may elevate cognitive load, which in turn is 
associated with less favorable evaluations—extending prior evidence 
from domains like advertising and branding into the context of 
real-world food consumption.

Conversely, for PB alternatives, AW positively correlated with tast
iness and purchase intention (Fig. 8), in line with previous literature 
showing that increased left-prefrontal activation—reflecting implicit 
approach motivation—is associated with favorable stimulus evaluation 
(Davidson, 1998). This neurophysiological pattern has been linked to 
higher perceived pleasantness in gustatory tasks (Di Flumeri et al., 2017) 

Fig. 9. Associations between the Approach-Withdrawal (AW) Index during the 
packaging phase of AB products. The scatter plot shows the Pearson correlation 
between AW and tastiness and declared liking during the packaging phase of 
experimental protocol.

Fig. 10. Associations between Neophobia and Workload Index (WL). The scatter plot shows the Pearson correlation between WL Index and neophobia trait during 
the presentation phase for AB products (a) and PB alternatives (b) and during the packaging phase (c).
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and shown to predict purchase intention in broader marketing contexts 
(Ravaja et al., 2013; Ramsøy et al., 2018). This interpretation is also in 
line with the correlation found between AW and liking during the 
packaging phase for AB foods (Fig. 9). In fact, there is a tendency to 
prefer traditional or familiar packaging because it elicits more positive 
neural approach responses and reduces mental workload, making the 
consumption experience cognitively easier and emotionally rewarding. 
This is in line with the theoretical framework of perceptual fluency 
applied to the context of food packaging (Su and Wang, 2024). Percep
tual fluency refers to the cognitive experience associated with the ease or 
speed with which individuals process an object or piece of information 
(Reber et al., 1998). In our experimental context, it may be that the 
packaging of AB foods exhibits a higher level of perceptual fluency than 
their PB counterparts, as these products are recognized or identified 
more effortlessly. This, in turn, may elicit more positive emotions and 
preferences, explaining the association between implicit (AW index) and 
explicit pleasantness. However, these associations should be interpreted 
with caution, as the correlational nature of the data—and the modest 
sample size—does not permit drawing causal conclusions about the di
rection or magnitude of the relationship between AW and explicit 
evaluations. Furthermore, the observed gap between explicit and im
plicit responses to AB and PB products may reflect an underlying tension 
between perceived healthiness, sustainability, and the degree of indus
trial processing associated with these foods. Although plant-based al
ternatives are generally associated with positive sustainability values, 
they are also often perceived as highly processed and less natural (Varela 

et al., 2022). This ambivalence may reduce their affective appeal and 
limit their potential to motivate omnivorous consumers to shift toward 
more plant-based dietary patterns. Consequently, the effectiveness of 
meat substitutes as a strategy for promoting sustainable eating behaviors 
might depend on reducing perceived processing and enhancing sensory 
and emotional acceptance.

So EEG evidence supports that familiarity plays a significant role in 
shaping implicit food packaging preferences in consumers (Moya et al., 
2020).Furthermore, while previous studies (Lee et al., 2014; Balconi 
et al., 2019) focused on individual environmental sensitivity, showing 
that consumers with stronger ecological values exhibit greater neural 
engagement with sustainable content, our findings indicate that 
approach-related responses may also be associated with sustainability as 
a perceived attribute of the product itself, regardless of the consumer's 
dispositional profile. Importantly, this suggests that perceptual and 
cognitive mechanisms—such as familiarity and processing flu
ency—may override dispositional sustainability values at the implicit 
level, reinforcing the idea that automatic affective responses are pri
marily driven by sensory expectations and schema congruence rather 
than moral or ideological considerations. This extends the application of 
the AW index to value-based stimulus attributes, such as sustainability, 
which remain underexplored in consumer food neuroscience.

Finally, the presence of significant correlations between EEG indices 
and self-reported evaluations in relation to PB products supports the 
view that neurophysiological measures such as AW and WL are partic
ularly sensitive to novel, ambiguous, or culturally transitional stimuli 
(Khushaba et al., 2013; Cherubino et al., 2019), offering valuable in
sights into consumer adaptation to emerging food categories. From a 
managerial perspective, these findings highlight practical strategies to 
mitigate cognitive load and enhance PB acceptance. Designing pack
aging that increases perceptual fluency—through familiar visual codes, 
reassuring sensory cues, and clear taste-related information—may 
reduce the cognitive effort required to evaluate PB products. Moreover, 
incorporating multisensory elements (e.g. appetizing imagery, textured 
materials, or flavor-descriptive language) can facilitate automatic 
approach responses and improve consumer readiness to adopt these 
alternatives.

Building on these considerations, recent literature further corrobo
rates the relevance of dual-process mechanisms and sensory-contextual 
modulation in shaping consumer responses to PB alternatives. Heuristic 
and familiarity biases have been shown to strongly influence the eval
uation of novel or alternative products, even among individuals who 
explicitly endorse sustainability-oriented values, suggesting that under 
conditions of uncertainty consumers may rely on simplified cognitive 

Fig. 11. Associations between Neophobia and Approach-Withdrawal (AW) Index. The scatter plot shows the Pearson negative correlation between AW Index and 
Neophobia trait during the tasting phase for PB products (a) and AB products (b).

Table 1 
Significant Pearson's correlations between LOHAS scores and declarative ratings 
(liking, taste, purchase intention) during different sensory phases for plant- 
based (PB) and animal-based (AB) products (*p-value ≤0.05; **p-value <0.01; 
***p-value <0.01).

Psychographic 
Variable

Protocol 
Phase

Product 
Type

Evaluation 
Variable

Pearson's 
r

LOHAS Presentation AB Willingness to 
buy

0.53***

Tasting AB Tastiness 0.34*
Packaging AB Tastiness 0.36*
Presentation PB Liking 0.33*
Tasting PB Tastiness 0.47*
Packaging PB Liking 0.59***
Packaging PB Tastiness 0.49**
Packaging PB Willingness to 

buy
0.49**

B.M.S. Inguscio et al.                                                                                                                                                                                                                          Current Research in Food Science 12 (2026) 101288 

9 



shortcuts rather than reflective reasoning (Siegrist et al., 2024). Like
wise, studies on multisensory perception show that packaging design, 
color properties, and congruent flavor descriptions can enhance 
perceived tastiness and acceptance of PB products by reducing cognitive 
uncertainty and increasing processing fluency (Zandstra et al., 2025). 
Additionally, emerging evidence highlights that perceived excessive 
industrial processing or artificial formulation remains a critical psy
chological barriers to plant-based food adoption, generating tension 
between ethical motivations and sensory expectations (Kershaw et al., 
2025). This pattern aligns with our overall findings reinforcing the role 
of WL as a possible key mediator in the relationship between familiarity 
and explicit liking. As familiarity increases, cognitive effort required for 
interpretation decreases, thereby facilitating more positive conscious 
(self-reported) evaluations.

4.2. Psychographic contributions

Beyond stimulus-related effects, we explored whether individual 
psychographic traits further shaped food perception LOHAS orientation 
showed consistent positive correlations with self-reported evaluations 
(Table 1), particularly for plant-based products, but no significant as
sociation with AW or WL indices. This dissociation can be theoretically 
interpreted through dual-process models of cognition, which distinguish 
between reflective, controlled processing and automatic and implicit 
processing (System 1) (Evans and Stanovich, 2013; Kahneman, 2011). 
From this perspective, LOHAS values appear to primarily influence 
explicit judgments through reflective and controlled evaluation pro
cesses (System 2), in which individuals consciously activate ethical and 
sustainability-related beliefs when formulating their liking and purchase 
intentions. This pattern reflects the idea that many ethically driven de
cisions often rely on deliberate, value-based, reflective (System 2) 
reasoning that do not necessarily translate into immediate, implicit 
engagement during sensory exposure (Plassmann et al., 2015; Panteli 
et al., 2024).

Conversely, implicit neural responses such as AW and WL align with 
fast, automatic and implicit processing (System 1) mechanisms that are 
primarily driven by perceptual fluency and familiarity, rather than 
reflective, value-based considerations. The perceptual-fluency literature 
establishes the affective impact of ease of processing (Reber et al., 1998), 
while EEG-event-related potentials studies demonstrate that fluency and 
familiarity elicit early neural signatures and discriminable brain re
sponses, supporting the notion that neurophysiological indices capture 
fast, implicit processing (Wang et al., 2018).Moreover, 
consumer-neuroscience work shows that multisensory product exposure 
and familiarity modulate EEG and autonomic responses in ways pre
dictive of liking (Modica et al., 2018). Therefore, while LOHAS-oriented 
individuals may consciously endorse plant-based products due to their 
alignment with personal values, this endorsement does not necessarily 
translate into automatic approach motivation or reduced cognitive load 
at the neurophysiological level. This discrepancy reinforces the notion 
that ethical consumption often operates as a deliberate self-regulatory 
behavior rather than an intrinsic affective response (Syed et al., 2024)

In contrast, food neophobia showed no significant association with 
explicit evaluations but was positively related to WL in early stages 
(Fig. 10) and negatively associated with AW during tasting (Fig. 11)— 
indicating heightened cognitive effort and reduced implicit motivational 
engagement. These effects emerged for both AB and PB products, sug
gesting that neophobia reflects a generalized dispositional processing 
style, rather than stimulus-driven responses to specific product cate
gories. This interpretation aligns with findings by Stuldreher and col
leagues (Stuldreher et al., 2023a,b), who reported increased attentional 
engagement (via Late Positive Potential -LPP and EEG synchrony) and 
heightened anticipatory arousal (via electrodermal activity) in neo
phobic individuals, confirming that such trait modulate autonomic 
processing mechanisms involved in sensory evaluation.

Importantly, these findings offer theoretical clarification of the 

mediating role of cognitive workload in the relationship between 
product familiarity and explicit liking. Less familiar products, such as PB 
alternatives, require greater cognitive resources to be processed and 
interpreted, resulting in elevated WL (Liu et al., 2020; van Meer et al., 
2023). This increased workload interferes with smooth sensory inte
gration and reduces perceptual fluency, which in turn weakens explicit 
liking and purchase intention (Reber et al., 1998; Alter and Oppen
heimer, 2009; Su and Wang, 2024). In this sense, WL acts as a “cognitive 
bottleneck” linking unfamiliarity to reduced acceptance: the more 
cognitively demanding the evaluation process, the less positively the 
product is consciously assessed. Familiar products, by contrast, benefit 
from fluent processing that simultaneously enhances implicit approach 
motivation, and explicit preference, supporting a more coherent and 
rewarding consumption experience (Winkielman et al., 2003; Zandstra 
et al., 2025).

4.3. Managerial implications

These results could carry direct implications for strategic positioning 
of plant-based alternatives. From a managerial perspective, enhancing 
perceptual fluency and reducing cognitive workload emerge as critical 
levers for improving PB alternatives acceptance (Li and Li, 2024; 
Zandstra et al., 2025). Packaging design, product naming and multi
sensory cues should be structured to evoke familiarity and sensory 
coherence with traditional animal-based products. For instance, visual 
elements recalling conventional meat textures, color palettes associated 
with freshness and naturalness, and olfactory cues consistent with ex
pected flavor profiles may reduce cognitive effort and facilitate more 
automatic positive responses (Zandstra et al., 2025; Spence, 2020). 
Additionally, simplifying informational load and avoiding overly tech
nical descriptions of processing methods may mitigate perceptions of 
artificiality and over-processing, which are known to negatively impact 
PB acceptance (Varela et al., 2022; Melendrez-Ruiz et al., 2025). Sus
tainability messaging, although effective in activating reflective 
approval among LOHAS-oriented consumers, should be integrated in a 
way that does not increase perceived complexity or distance the product 
from familiar sensory schemas (Aschemann-Witzel et al., 2021). Multi
sensory retail environments and packaging strategies that enhance 
experiential congruence may thus contribute to aligning ethical moti
vation with affective acceptance, bridging the gap between explicit 
endorsement and implicit engagement. Integrating explicit and neuro
physiological metrics allows managers to design interventions that align 
ethical motivation with affective acceptance. Collectively, these findings 
underscore the critical value of integrating explicitand neurophysio
logical metrics in consumer research. While explicit data reflects 
rational evaluations rooted in personal values and sociocultural norms, 
EEG indices provide insight into the automatic processes that often 
guide spontaneous preferences (Panteli et al., 2024).

4.4. Limitations and future directions

Notwithstanding the robustness of the methodological approach and 
the novelty of integrating EEG and declarative measures, several limi
tations should be acknowledged when interpreting our findings. The 
sample consisted exclusively of young Italian adults (aged 18–32), 
which restricts the generalizability of the results to broader populations 
differing age, cultural background and dietary habits. Given that atti
tudes toward plant-based foods and sustainability values are known to 
vary substantially across generations and cultural contexts, future 
studies should aim to include more heterogeneous samples to capture a 
wider spectrum of consumer profiles. Furthermore, the relative sample 
size limited the possibility of stratifying participants according to psy
chographic characteristics such as food neophobia and LOHAS orienta
tion. As a result, the present study could only explore correlational 
patterns rather than conducting more fine-grained comparisons between 
distinct consumer segments. Future research with larger samples should 
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enable cluster-based or profile-based analyses, allowing for a more 
precise understanding of how specific psychographic profiles modulate 
both implicit and explicit responses to innovative food products. 
Accordingly, the observed patterns for LOHAS orientation and food 
neophobia should be interpreted as preliminary, pending replication in 
larger, more segmented samples. Moreover, the experimental stimuli 
covered only a narrow selection of plant-based and animal-based 
products, potentially not representative of contemporary food mar
kets. Expanding product variety would enhance the ecological validity 
and predictive power of the findings. Furthermore, the consumption 
experience took place in a controlled laboratory environment which, 
despite methodological rigor, may have affected participant's implicit 
responses by reducing the spontaneity of interaction with the product. 
Future studies should incorporate a wider range of food items, recruit 
more demographically and culturally diverse samples, and employ more 
naturalistic testing settings—such as supermarkets or in-home envi
ronments—to enhance external validity and practical applicability. 
Finally, although this study primarily focused on cognitive and moti
vational mechanisms, a more detailed exploration of emotional dy
namics — potentially supported by additional neurophysiological 
signals such as heart rate (HR) and galvanic skin response (GSR) — 
represents a valuable future extension of this research. Future research 
should also consider recent developments in the European regulatory 
framework restricting the use of meat-related terminology for plant- 
based products (European Parliament, 2025). Such regulatory changes 
may alter consumer expectations and reduce perceptual fluency during 
product evaluation, potentially increasing cognitive workload and 
further shaping the implicit–explicit divergence observed in plant-based 
food acceptance. Overall, addressing these limitations will support the 
development of more generalizable, ecologically valid, and theoretically 
grounded models for understanding consumer acceptance of plant-based 
and other innovative food products.

5. Conclusions

This study provides new evidence that plant-based (PB) alternative 
foods elicit distinct cognitive, affective, and motivational responses 
compared to traditional animal-based (AB) counterparts, highlighting 
the pivotal role of familiarity and cognitive effort in shaping consumer 
experience.

At the explicit level, AB foods received higher ratings in terms of 
liking and purchase intention, confirming that familiarity operates as a 
powerful heuristic facilitating positive evaluations and preference for
mation in food choice contexts (Tan et al., 2016; Pagliarini et al., 2021).

At the implicit level, AB foods evoked stronger approach-related 
asymmetry (AW), whereas PB alternatives generated significantly 
higher cognitive workload (WL), particularly during tasting. These 
findings support a theoretical framework in which cognitive workload 
mediates the relationship between product familiarity and explicit 
liking; unfamiliar or weakly assimilated products require increased 
cognitive resources to be processed and interpreted, which reduces 
perceptual fluency and, consequently, diminishes hedonic appraisal and 
purchase propensity. In this perspective, elevated WL associated with PB 
alternatives reflects a disruption of automatic sensory schemas, trans
lating into less favorable conscious evaluations. Conversely, stronger 
AW responses indicate implicit motivational engagement, suggesting 
that positive approach tendencies depend on the ease with which sen
sory and semantic information is integrated. This dual pattern reinforces 
the importance of perceptual fluency as a central mechanism linking 
neural processing efficiency to affective preference (Su and Wang, 
2024).

The dissociation observed between psychographic variables and 
neurophysiological indices further clarifies the multi-layered nature of 
consumer decision-making. LOHAS orientation was positively associ
ated with explicit evaluations of PB foods but did not correlate with EEG 
measures, indicating that sustainability-driven attitudes predominantly 

operate within reflective cognitive systems, involving conscious 
reasoning, moral evaluation, and identity expression. These processes 
contrast with implicit neural responses, which primarily capture auto
matic, affective, and familiarity-driven mechanisms (Verain et al., 2012; 
White et al., 2019; Plassmann et al., 2015; Panteli et al., 2024). This 
divergence aligns with dual-process theories distinguishing between 
deliberate (System 2) and automatic (System 1) pathways in consumer 
judgment.

Overall, the integration of EEG and self-report measures provides a 
comprehensive and theoretically grounded framework for understand
ing consumer responses to innovative food products. Finally, this inno
vative multimethod approach captures both the reflective and 
autonomic dimensions of food choice, offering valuable insights for the 
design, communication, and positioning of sustainable food in
novations. Future research should include more diverse populations and 
real-world consumption contexts to better understand the dynamic 
interplay between familiarity, cognitive load, and sustainability and 
support — through neurosciences—the development of more effective 
strategies for promoting sustainable food innovations.
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