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Food perception is more than just taste. It is a multisensory experience
shaped by smell, texture, and even how the food looks. The human brain
works to make sense of all these signals, influencing everything from
cravings to food choices. This review looks at more than 40 studies that used
electroencephalography (EEG) and other brainwave analysis tools to
understand how to process food related stimuli. In order to identify patterns
associated with attention, mood, and appetite, these studies looked at brain
responses using techniques including event related potentials (ERPs) and
spectral analysis. Current research shows that human desire for food, level
of focus on it, and the feelings it evokes are all correlated with certain brain
signals. However, majority of the studies investigated individual senses in
isolation and focused on basic taste attributes such as sweet, salty, or bitter.
The complexity of eating in real life, where several senses interact, is missed
by this. Furthermore, a lot of research is lab based, short term, and does not
represent real world situations. Future research must adopt practical,

Neurophysiological multimodal methods in order to fully understand how humans perceive food.
Such studies could help improve food design, predict consumer behavior,
and even support interventions for eating disorders.
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1. INTRODUCTION

Food is not just a source of energy; it is also a rich mental and sensory experience that the brain
makes sense of by combining different signals. The human brain reacts to food through complicated neural
dynamics because billions of neurons talk to each other through electrical activity. Electroencephalography
(EEQ) is a widely used non-invasive technique for recording brains electrical activity associated with
perception, attention, and emotions. Different mental states are linked to different frequency bands. For
example, beta waves (13—-30 Hz) are most common during focused cognitive activity, especially in the front
of the brain; alpha waves (8—13 Hz) are most common during relaxed alertness, often in the back of the brain;
theta waves (4-8 Hz) are most common during drowsiness or light sleep; and delta waves (0.5-4 Hz) are
most common during deep sleep [1], [2].

The physiological foundation for understanding how the brain reacts to everyday experiences like
eating is provided by these neural thythms. Sight, smell, taste, texture, and even human expectations of the
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food about to taste are all a part of the multimodal process of eating. Different kinds of sensory information
stimulate different brain regions. For example, taste activates the insular cortex, texture activates the
somatosensory areas and reward and value stimulates the orbitofrontal cortex (OFC). Together, these regions
influence the perception and emotional reaction to food [3]. Instead of processing these attributes
independently, the distributed neural networks combine them to produce a single eating experience [4]. The
effect of sensory cues on emotional and cognitive responses related to food perception, consumer preference,
and appetite regulation have been extensively studied using EEG and brain imaging techniques [5], [6].

Another commonly used tool in cognitive research is functional magnetic resonance imaging
(fMRI). Using fMRI studies, we may gain a deeper understanding of how the brain interprets sensory and
branding cues. Due to its relatively slower timing resolution (seconds), high power consumption, and a
constrained motion limited scanner environment, the fMRI technique is less suitable for natural eating or real
world sensory tasks, even though it offers high spatial detail (millimeter level), which is great for identifying
specific areas [7].

EEG on the other hand is more reliable for researching rapid sensory reactions, taste memory and
attention shifts since it records brain activity at millisecond speeds, uses relatively low power and can be used
in a seated, movement tolerant arrangements. Studies combining EEG and fMRI show that the brain
connectome patterns are repeatable from 1.5 T to 7 T scanners [8] and that EEG's strength resides in
recording rapid neural changes [9] despite the fact that EEG is more sensitive to motion and muscle artefacts.
Also majority of the research that is available focuses on basic lab stimuli and fundamental taste categories
like sweet or bitter, despite the growing interest in brain research related to food. As demonstrated by
Warnakulasooriya et al. [10] who used EEG and modern artificial intelligence (AI) techniques to assess the
sensory qualities of food, recent approaches have also combined brainwave analysis with other computational
tools for food evaluation.

However, real world meals are far more intricate. It is influenced by the situations in which human
beings the food, the surroundings, the individual's personality and integrate numerous other sensory elements
simultaneously [11]. This leads to major gaps in our understanding of how the brain processes complex, real
world food experiences.

Studying these gaps is crucial for improving cognitive neuroscience as well as for managing
disordered eating, developing nutrition plans, and designing healthier food alternatives. In order to examine
how the brain interprets taste, smell, touch, and visual cues independently, and also in conjunction with a
broader multisensory experience, this review combines findings from more than 40 peer-reviewed studies.
The review is divided into three main sections: how various senses interact with one another, how
multisensory integration functions and the new research gaps that need to be filled with a focus on the need
for real world and ecologically valid investigations.

2. MATERIALS AND METHODS

The background for the EEG based investigations examined in this article is provided by Figure 1,
which summarizes the key EEG frequency bands and the cognitive and behavioral states that are frequently
associated with them. A typical EEG data collection protocol used in food perception research is shown in
Figure 2, which includes electrode placement, sensory stimulation, signal acquisition, and subsequent signal
analysis. In compliance with the preferred reporting items for systematic reviews and meta analyses (PRISMA)
guidelines [12], a systematic literature review was conducted to identify studies related to neurophysiological
processing of food related multisensory stimuli using EEG and other related methodologies.

2.1. Search strategy and data sources

A systematic search was conducted across the various platforms such as PubMed, Web of Science,
and Scopus databases. Recent studies in multimodal neuroscience and EEG based food perception published
between 2015 and 2025 were included in the search. The following terms and Boolean combinations were
used: “EEG”, “food perception”, “taste”, “texture”, “smell”, “visual cues”, “multisensory integration”,
“event-related potentials”, and “consumer behavior”. This study used synonyms and variations to ensure that
all relevant literature was covered.

2.2. Study selection and screening

290 records were found in the initial search: 150 from Scopus, 55 from Web of Science, and
85 from PubMed. After eliminating any duplicates, 210 unique articles remained. To eliminate research
unrelated to food perception, multisensory processing, or neurophysiological data, this study further filtered
the titles and abstracts. As a result, 60 irrelevant records were further eliminated. The whole text of the
remaining 150 articles was screened.
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2.3. Inclusion and exclusion criteria

Studies that explored food related sensory stimuli like taste, texture, smell, visual cues, or their
combinations, used EEG or other comparable neurophysiological techniques, were published as peer-reviewed
journal publications, and included any human subjects were included in the review. Studies that focused only on
animal models, did not include food related stimuli, lacked neurophysiological measurements, or were purely
review articles, editorials, or conference abstracts with incomplete data were excluded from this study.
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Figure 2. EEG data acquisition protocol for food perception studies

2.4. Eligibility and final selection

40 studies that satisfied all the eligibility requirements after full text evaluation were added to the
final qualitative synthesis. Figure 3 shows the PRISMA flow diagram and illustrates the selection process.
The clarity of the experimental design, participant information, EEG acquisition techniques, and result
reporting were all examined to qualitatively examine the methodological quality of the included research.

Because the experimental procedures, outcome measurements, and analysis techniques varied across
the different studies. Therefore, a quantitative meta-analysis was not feasible. Instead, a thematic qualitative
synthesis was used to identify consistent neurophysiological patterns associated with multisensory perception
of food.
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Figure 3. PRISMA flow diagram of the study screening and selection process

3. SENSORY PROCESSING OF TASTE AND TEXTURE OF FOOD IN THE HUMAN BRAIN

The gustatory cortex of the brain receives taste information from the tongue via nerves. The
amygdala and hippocampus add emotional and memory-based layers to our taste sensations, while the OFC
connects taste and reward thus modifying preferences based on hunger [3]. Taste perception has been
demonstrated to affect advanced social and emotional processes, as Schaefer ef al. [13] reported enhanced
prosocial behavior following a sweet taste exposure highlighting the extensive cognitive implications of
gustatory processing. It has also been demonstrated that oral stimulus related to taste influences the cognitive
states. Even when no meal is consumed, Hosang et al. [14] demonstrated that washing the mouth with carbs
alters how attention is processed. Our food choices also greatly influenced by its texture in Figure 4.
Figure 4. Illustrates how Neuron 25 in the OFC responds strongly to slippery food textures, with a high
inverse correlation to friction (r = -0.91) (Figure 4(a)). Its response to viscosity is weaker (r = 0.06)
(Figure 4(b)), suggesting that lubricity plays a more critical role in texture-related brain activity [16].

The somatosensory cortex, which deals with touch, is how our brain interprets sensations like
crunchiness or creaminess of food. Not only can these textures improve the experience, but they also affect
human perception of flavor and food choices. Low frequency oscillations are essential for gustatory
processing according to recent the EEG research [15], with delta-band activity showing how the human brain
encodes information linked to taste. For instance, because of their high sensory feedback, crunchy meals
frequently cause stronger attention and brain responses. Rolls [16] discovered that the friction of the food
altered the activity of a particular neuron in the OFC thus demonstrating the brain’s fine tuning of food
texture and reward.

Foods with complex or layered textures increase satisfaction levels by activating more brain regions
for longer periods of time [17], [18]. Texture related food perception, which primarily stimulates
somatosensory cortices but is modified by visual, auditory, and taste related inputs through integrative
regions such the insula, supports multisensory and affective elements of eating [19]. Studies also reveal that
taste and texture are processed by the brain together rather than as two distinct sensations. The insula, OFC,
anterior cingulate cortex (ACC), and the amygdala are among the areas where multimodal integration
takes place.

These regions are crucial for memory, emotion, and decision making. Studies have also shown that
multisensory food cues generate integrated neural responses thus helping the brain combine sensory
information such as taste and texture into a single perception of food [20]. Overlapping activation of the OFC
and the anterior insula during flavor perception has also been reported suggesting their involvement in
integrating taste, smell, and texture [21], [22]. Also, Kim and Kim [23] highlighted the insula's role in
combining gustatory and somatosensory signals.
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The amygdala, which adds emotional meaning to sensory experiences, influences texture
preferences especially for rich, indulgent foods. These results suggest that our brain makes eating a smooth
experience by combining different sensory signals into one tasty perception. Food preferences also depend on
taste, texture, familiarity, and the past experiences.

High-fat and layered foods activate reward centers more intensely and stay interesting for longer,
making them harder to resist [21]. Familiarity and emotional associations also enhance pleasure from
eating [3], explaining cravings for processed, texture-rich foods like chips and fries [24], [25]. Children who
are overweight or obese have also been found to exhibit different EEG activity patterns in response to food

related stimuli than their peers who are of normal weight, suggesting that their cortical processing during
food perception is altered [26].
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Figure 4. OFC Neuron 25 responses to (a) friction and (b) viscosity

Researchers have learned a lot about how the brain processes simple tastes and textures in
Table 1, but we still don't know much about how complex taste and textures like junk food for e.g. chips
affect the brain in the real world. Such foods are of strong flavor, layered textures and have a lot of visual
appeal but researchers haven’t often looked into how they affect brain activity and the long-term eating
habits caused by them. Studies show that even minor changes in texture can trigger different reactions in

the brain. Need more real life, long-term studies with tools such as EEG and fMRI to really understand the
consumer psychology.
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Table 1. Comparative summary of literature on changes in brain waves for different tastes and flavors
Study Key focus Main findings Brain Results and implications
response/techniques
Zhou et al. Spicy craving and Spicy cravers show stronger brain fMRI reward/visual Visual spicy cues activate
[3] reward response to chili food images regions reward circuits, similar to
addiction
Schaefer Sweet taste and Sweet taste increases prosocial EEG/ERP affective Taste influences emotion and
etal [13] social behavior responses markers social behavior, beyond sensory
reward
Hosang Attention Carbohydrate mouth rinsing alters Behavioral attention Suggests that taste/nutrient cues
etal [14] modulation during attention and cognitive measures + EEG/ERP can modulate attentional
carbohydrate mouth engagement markers processing even without
rinsing ingestion
Wallroth Taste information in Delta band carries taste-related EEG spectral (delta Low-frequency EEG supports
etal [15] EEG signals activity) taste encoding
Rolls [16] Texture and taste Firing rate strongly linked to OFC activity Texture impacts flavor
perception friction (r = -0.91); weaker for pleasantness; useful for appetite
viscosity and obesity research
Andersen Similar taste EEG can differentiate EEG + independent Supports subtle taste
etal [17] classification perceptually close tastes component analysis discrimination when cleaned
(ICA) preprocessing well
Peng et al. Color-texture Congruent color-texture cues EEG oscillations + Packaging texture can shape
[18] congruence increase gamma/theta activity and behavior perceived reward and choice
improve evaluation
Luo and Multisensory flavor Flavor shaped by senses + Theoretical model Flavor is psychological,
Han [19] integration personal factors influenced by environment and
past experiences
Stuldreher Taste-visual Taste pairings enhanced visual EEG (N2-P3 waves, Taste-visual learning induces
et al. [20] conditioning neural responses; increased delta/theta bands) long-term sensory brain
delta/theta changes
Han et al. Sweetness Sweet-sensitive individuals: EEG, insular cortex Sweet sensitivity shapes eating
[21] sensitivity and fat stronger insula activity, prefer behavior and food preferences
food high-carb foods
Kosling Obesity and neural Obese children: increased frontal EEG (frontal/parietal Distinct neural markers for
etal [22] food reactivity beta, decreased parietal alpha activity) overeating tendencies
with high-calorie cues
Kusunoki Eating and emotion EEG bands shift with emotion EEG frequency Emotional context changes
et al. [24] during eating domain feeding signatures
Songsamoe  Consumer emotion EEG tracks physiological and EEG spectral + ERP EEG useful for consumer
et al. [25] to food emotional reactions to food (review context) neuroscience outside labs
Baines Reward timing and Overweight groups show altered EEG + ERP reward BMI affects neural reward
et al. [26] body mass index reward response to pleasant taste components phases and attention to pleasant
(BMI) cues food
Kim and Makgeolli taste Brainwaves linked to bitterness; Brainwave analysis Brain-based systems help
Kim [23] analysis unsterilized samples preferred evaluate and scale beverage

preferences

4. SENSORY AND NEURAL PROCESSING OF VISUAL FOOD CUES IN THE HUMAN BRAIN
Images of food trigger a broad brain network that links memories, feelings, and desires. Using EEG
methods like multifractal detrended fluctuation analysis (MFDFA) and multifractal detrended cross-
correlation analysis (MFDXA), Roy et al. [27] discovered that blue colored food images triggered the most
complex brain activity. These changes were reflected in distinct patterns of brain activity indicating enhanced
communication between brain regions and a prolonged processing of sensory information. In addition to taste
and texture, visual cues such as packaging and labeling also play an important role in shaping neural
responses to food. Spence et al. [4] demonstrated that color contrast can influence perceived taste and
increase the perceived appeal of food. David et al. [28] found that while some health warnings reduced the
attractiveness of food products, others increased their appeal, emphasizing the complex role of visual cues in
shaping the food preferences. Food choices depend on more than just sensory characteristics such as taste and
texture. Economic incentives, cultural influences also contribute in the decision-making process.
Banerjee et al. [1] showed that rebates made healthier food options more appealing and activated reward
related brain regions, making these choices easier for participants. In another study, Lim et al. [29] examined
traditional Korean dinners in Figure 5 and discovered that people's enjoyment of the foods increased with
their complexity and familiarity. Stronger reward reactions and reduced mental effort were shown in brain
scans indicating that our brain switches from comparing the options to just savoring the moment when eating
feels familiar and pleasant in Figure 6. Figure 5. illustrates how participants liking scores improved as
Korean dishes became more complex (M1-M4) thus indicating a greater preference for visual and flavor
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richness throughout 80 randomized trials [29]. Figure 6 shows stronger brain responses to the visuals of
complex meal 4 across key ERP time windows indicating increased sensory engagement with food cues [29].

Fixation (1 sec) Stimulus (4.5 sec) Mask (2 sec) IT1 (0.5 sec)

+ >

Figure 5. Experimental food stimuli with increasing meal complexity

A 100-160 ms 200-400 ms 450-800 ms

Figure 6. ERP responses to food stimuli

According to Zhou et al. [3], those who enjoyed spicy food exhibited higher levels of brain activity
connected to food cravings and react faster to the visuals of spicy food, indicating that their brain is more
sensitive to the spice level. The brain responds rapidly to visual food cues, even before any conscious
evaluation of food takes place. Vermeir and Roose [30] reviewed how visual design elements such as color,
shape and the layout influences the food choices through psychological and behavioral mechanisms while
also identifying important gaps and future research directions in this field. In another different study,
Vartanian et al. [31] demonstrated that visually appealing foods can trigger brain activity patterns resembling
those observed in addictive behaviors, particularly when an individual is hungry and has a greater body
weight. Schubert ef al. [32] showed that the brain responds to the healthiness of food even before consciously
evaluating its taste. The study reported that health related information was identified from the food images
with approximately 77% accuracy, while taste related information was recognized with about 71% accuracy
during the evaluation process. These findings suggest that health related neural processing precedes the
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conscious assessment of flavor while making food choices. It also shows how deeply food images can
influence our brain’s emotional and decision-making systems.

A brief overview of how the visual food cues affect human brain activity specifically in areas linked
to emotion, reward, and decision making is provided in Table 2. Our brain frequently reacts to food even
before we realize it. The amygdala and insula can indicate repulsion to food, whereas areas like the OFC
assess how appetizing the food appears. According to some research, similar to addiction, regions of the
brain linked to cravings are activated in reaction to specific images. However, most of this research has been
conducted in controlled laboratory environments or within a specific cultural setting. Future studies need to
look into how different real life food images in real life scenarios affect brain responses over long periods
of time.

Table 2. Summary of studies on neural responses to visual food stimuli

Study

Key focus

Main findings

Brain response/techniques

Results and implications

Roy et al. [27]

Spence et al.

[4]
David et al.
[28]

Banerjee et al.

(1]

Lim et al. [29]

Zhou et al. [3]

Vermeir and
Roose [30]

Vartanian ef al.

[31]

Schubert et al.
[32]

Color and
brain activity

Visual
aesthetics of
food

Food labeling
and emotion

Fiscal
incentives and
food choice
Meal
complexity and
liking
Craving spicy
foods
Visual design
cues and food
choice

Weight and
hunger effects
on neural food
cue processing
Taste vs. health

in decisions

Blue color triggered
highest neural complexity

Color
contrast/background
affects perceived
deliciousness
Health warnings reduced
appeal but red labels
backfired
Rebates boosted healthier
choices and reduced
mental effort
Complex meals increased
liking and reward activity

Cravers showed faster,
stronger neural response
Visual elements (color,
layout, and imagery)
influence food decisions
via attention, affect,
cognition, and motivation
Food visuals activate
reward and visual areas

Health cues processed
earlier than taste

EEG, MFDFA/MFDXA,
frontal, occipital, and
parietal
EEG and reward regions

EEG, ERPs, and emotional
modulation

EEG, fMRI, and reward
regions

EEG, Insula, OFC, and
dorsolateral prefrontal
cortex (dIPFC)
fMRI, Insula, ACC, and
Putamen
Narrative review of
behavioral and
psychological studies

fMRI meta-analysis

EEG, OFC, cingulate, and
insula

Color significantly shapes the
brain dynamics

Visuals can influence healthier
food choices

Label design affects food
appeal and policy impact

Fiscal tools encourage better
food decisions

Complexity enhances reward
and preference circuits

Craving linked to addiction-like
brain activity
Visual design shapes
perceptions and attitudes,
affecting food choice behaviour
and highlighting gaps for future
research
Shows shared reward/visual
processing, with some
differences by BMI and hunger

Challenges assumption that
taste dominates food choice

5.  SENSORY AND NEURAL PROCESSING OF MULTISENSORY STIMULI IN THE HUMAN
BRAIN

Our brain’s response to food isn’t just about taste or looks but it’s shaped by a mix of smell, texture,
packaging, and even mood or tiredness, in turn deciding what we choose or crave. Yang ef al. [33] found that
taste doesn’t just help us recognize food, it also stirs emotional brain responses, influencing how much we
enjoy it and the choices we make in Figure 7. Figure 7. Illustrates how visual presentation, specifically the
color of drinks (Figure 7(a)) and shape of glassware (Figure 7(b)), significantly influenced brain responses
and increased positive ratings due to color-flavor congruency [33]. In the experiment conducted, participants
preferred drinks when the color matched the expected flavor, and drinks served in wine or cocktail glasses
were rated tastier showing how glass shape and color influences our taste perception.

In another study, Yagyu et al. [34] found that flavored chewing gum altered the global complexity
of multichannel EEG activity in a manner that unflavored gum did not. This shows how the combination of
taste and smell increases brain activity. The brain's function in integrating the sensory inputs is highlighted
also by Maeda and Yoshimura [35] who reported an increased theta band activity during mismatched
olfactory taste stimulation. Event related potentials (ERPs) have been widely used to study brain responses
associated with reward and food related cognitive processing. These measures provide useful insights into
how known food cues become linked with attention and motivational responses [36]. ERPs are particularly
useful for stimulus onset analysis because they capture rapid and time locked brain responses occurring when
a sensory stimulus like taste or texture is presented. On the other hand, spectral analysis provides insights
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into neural activity over much longer periods of time and can help examine processes related to perception of
texture, cravings and taste memory through changes in frequency band activity [37].

Byrne et al. [38] observed an increased gamma activity when visual food cues matched the
perceived taste. In contrast for mismatched cues, such as viewing broccoli while tasting sugar evoked the
N400 responses which are generally associated with conflicting sensory information. These studies suggest
that taste is rarely experienced on its own while the brain continuously combines what we see and what we
taste. This interaction between taste and visual cues can influence a person’s food perception. Domracheva
and Kulikova [39] also supported this idea by identifying distinct EEG patterns which are associated with
perceived similarities between food products during a taste visual integration task.
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Figure 7. Visual presentation of (a) effect of drink color and (b) glass shape on likability ratings

According to Christoffersen ef al. [40], the human brain reacts not just to taste but also to the
appearance of food and past experiences with it. The human brain uses that visual memory to influence and
decide how it would respond to a particular food in the future if have frequently perceived it as either
pleasant or unpleasant. In a similar study, Wolz et al. [41] found that individuals with binge eating tendencies
showed stronger brain responses to the sight and smell of chocolate, which were also associated with
increased craving and attention. Such findings show how the human brain recalls previous visual and sensory
experiences to influence responses to food. Internal factors such as hunger and hormonal states also influence
how the brain responds to food, beyond the effects of visual, olfactory, and taste cues. Janet et al. [42] found
that hunger was associated with an increased activity in the brain regions such as the ventromedial prefrontal
cortex and striatum when the participants were exposed to food cues. Similarly, Lowe et al. [43] also found
that using brain stimulation to disrupt the left dorsolateral prefrontal cortex led to alterations in the EEG
(stronger N2 and P3), which also suggested a decrease in the cognitive control as well as an increase in the
consumption of high calorie items.

Flavor is not just determined by taste alone rather it develops through the combined influence of
multiple other senses. Studies have shown that these sensory systems do not operate independently as even
visual and auditory cues can influence the eating experience. Jing et al. [44] found that pleasant background
sounds while consuming sweets increased both neural activity and perceived enjoyment. Similarly,
Rodriguez et al. [45] and Jusiené et al. [46] reported that people tend to consume more food while watching
television than while eating without such distractions. Such findings suggest that audiovisual distractions
may influence attention during eating and contribute to an increased consumption of food. The feel of the
packaging and financial incentives like discounts can also significantly influence food perception and brain
responses. Smooth textures are generally linked with healthier foods, while discounts can alter neural reward
processing in low income groups [47]. Lastly, the sleep quality can also influence taste preferences. Deeper
sleep reduced sweet cravings without altering smell sensitivity [48].

Table 3 summarizes how the brain processes multisensory food cues like taste, smell, texture, and
visuals. EEG and fMRI studies reveal that regions like the orbitofrontal and prefrontal cortex integrate these
signals, which are influenced by our emotions, hunger, memory, and sleep. These results show that taste is a
very personal and brain based experience, but most studies so far have only looked at small, similar groups of
people in short lab experiments [49], [S0]. To truly understand how human senses shape what eat, future
research needs to include more diverse participants, real life eating situations and long-term observations.

A review of brain signal analysis in food perception studies (Harish S. Sinai Velingkar)
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This gap has begun to receive greater attention in the recent years. Recent studies have increased the
scope of EEG based food perception research by providing broader reviews of consumer neuroscience [51]
demonstrating that the neurocognitive processing of texture and other sensory attributes span across a wide
range of foods including the processed products [52]. They have also shown that real world eating
environments produce neurophysiological and behavioral responses that are different from those observed in
a controlled laboratory setting [53] while summarizing recent advances in EEG signal processing and
analytical techniques for studying gustatory perception [54]. These findings support the need for more
ecologically valid and multisensory research approaches thus reinforcing the direction of the present review.
The summary of all the studies and references included in the qualitative analysis is shown in Table 4.

Table 3. Comparison of studies on neural dynamics of multisensory integration and brain responses to
combined sensory stimuli

Study Key focus Main findings Brain response/techniques Results and implications
Yang et al. [33]  Brain activity in taste Brain distinguishes taste EEG, frequency bands, Taste linked to specific
preference qualities and pleasantness temporal dynamics brain patterns; further

Yagyu et al. [34]
Maeda and
Yoshimura [35]
Forester et al.
[36]
Campos et al.
[37]

Byme et al. [38]

Domracheva
and Kulikova
[39]
Christoffersen
et al. [40]

Wolz et al. [41]

Janet et al. [42]

Lowe et al. [43]

Jing et al. [44]

Rodriguez et al.
[43]

Jusiené et al.
[46]

Peng et al. [47]

Szczygiel et al.
(48]

Flavor of chewing
gum and EEG
complexity
Olfactory—taste
mismatch effects

ERP methods for
reward processing

Principal ERP
extraction (pERP-
RED)

EEG measures in
neuromarketing

Taste—visual
congruence/mismatch

Visuo-gustatory
conditioning

Olfactory and visual
food cues in cravings

Appetite regulation
via food stimuli

dIPFC’s role in
controlling cravings

Effect of music
context on food
preference

Impact of screen use
during eating on
snack consumption

Screen distraction
during meals
Packaging texture

and health perception

Sleep and sweet
preference

Flavored gum alters global
EEG complexity vs.
unflavored gum
Theta activity rises during
mismatched smell-taste

ERP markers are sensitive
to food-related reward and
attention

Reduces ERPs to core
waveforms across
tasks/subjects
Identifies common EEG
markers linked to attention,
emotion, and rewardpower;
mismatch evoked N400
Congruence boosts
induced gamma; mismatch
evokes N400-like
Conditioned visuals
enhanced cortical
responses, right dominance
Binge-eaters showed
stronger craving, increased
N2 and LPP
Hunger modulated brain
activation in food valuation
regions

Disrupted dIPFC led to
increased high-calorie
intake
Different music types
modulate neural responses
to food stimuli

Watching TV while eating
increases snack
consumption; smartphone
use does not

TV use links to less
regulated eating

Smooth texture linked to
healthier choices, stronger
P300 response

More sleep linked to
reduced preference for
sweetness

Multichannel EEG, global
complexity measures

EEG spectral (theta band)

EEG-based ERP components
(P2, P3/LPP)

ERP reduction + cross-
electrode estimation

EEG spectral analysis, ERP
components

EEG + ERP (gamma, N400-
like deflection)

visual evoked potential
(VEP), N2-P3 amplitude

EEG, N2, LPP amplitudes

fMRI, dorsomedial prefrontal
cortex (dmPFC),
ventromedial PFC (vmPFC),
and striatum
Repetitive transcranial
magnetic stimulation
(rTMS), EEG, N2, P3b, P3a
ERP analysis (N2, P2
components)

Behavioral intake measures
(no neural measures)

Behavioral survey and
screen-eating context

ERP, brief implicit
association test (BIAT),
P300, and late negative

component (LNC)

EEG

study needed on timing
Flavor cues from gum alter
global brain-signal
complexity
Shows mismatch drives
higher cognitive load in
sensory hubs
Supports ERPs as effective
tools for studying food-
related reward and cue
processing
Supports scalable ERP
analysis across subjects
and electrodes.
Highlights EEG as a useful
tool for assessing
consumer and food-related
neural responses
Confirms early neural
signatures of sensory
congruence vs confusion.
Visual-taste pairings
modulate sensory brain
responses
Craving linked to
heightened brain reactivity
in disorder group
Specific areas control
hunger and decision-
making

dIPFC involved in
inhibiting food
consumption
Shows that auditory
context influences food
preference through neural
processing mechanisms
Indicates that sustained
audiovisual distraction
(TV) may disrupt eating
control, while brief
smartphone use does not
Screen distraction
associates with weaker
eating self-control.
Subtle tactile cues
influence food
expectations

Sleep patterns subtly shape
taste preferences
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Table 4. Summary of studies and references included in the qualitative analysis

Taste and flavour Visual stimuli Multisensory stimuli
Study Reference Table/figure  Study  Reference  Table/figure  Study Reference Table/figure
1 Zhou et al. 1 1 Roy et al. 2 1 Yang et al. [33] 3/7
(3] [27]
2 Schaefer 1 2 Spence 2 2 Yagyu [34] 3
etal [13] etal. [4]
3 Hosang 1 3 David 2 3 Maeda and 3
etal [14] etal. [28] Yoshimura [35]
4 Wallroth 1 4 Banerjee 2 4 Forester et al. [36] 3
etal [15] etal [1]
5 Rolls [16] 1/4 5 Lim et al. 2/5-6 5 Campos et al. [37] 3
[29]
6 Andersen 1 6 Zhou et al. 2 6 Byme et al. [38] 3
etal [17] [3]
7 Peng et al. 1 7 Vermeir 2 7 Domracheva and 3
[18] and Roose Kulikova [39]
[30]
8 Luo and 1 8 Vartanian 2 8 Christoffersen et al. 3
Han [19] etal [31] [40]
9 Stuldreher 1 9 Schubert 2 9 Wolz et al. [41] 3
et al. [20] et al. [32]
10 Han et al. 1 10 Janet et al. [42] 3
[21]
11 Kosling 1 11 Lowe et al. [43] 3
etal [22]
12 Kusunoki 1 12 Jing et al. [44] 3
et al. [24]
13 Songsamoe 1 13 Rodriguez et al. 3
etal. [25] [45]
14 Baines et al. 1 14 Jusiené et al. [46] 3
[26]
15 Kim and 1 15 Peng et al. [47] 3
Kim [23]
16 Szczygiel et al. [48] 3

6. CONCLUSION

This review shows that the brain integrates smell, vision, touch, and memory of food into a single
experience, making the food perception more than just the taste. These sensory inputs are combined by the
OFC, insula, and prefrontal cortex, which are the crucial brain regions that influence our desire or avoidance
of particular meals. In addition, these processes are influenced by external factors like food presentation and
packaging as well as internal factors like hunger and mood. From a practical perspective, understanding how
the brain responds to food can help designers and manufacturers develop the food products, packaging and
marketing cues that better align with the consumers expectation and preference. This knowledge also has
important applications in public health, where a better understanding of sensory cues may support dietary
interventions, encourage healthier food choices and help to address unhealthy eating behaviors. A major
limitation of the existing research is that it relies on simplified food stimuli, highly controlled laboratory
settings and narrowly defined participant groups. Although these conditions are useful for understanding
specific responses, they may not fully represent how people actually experience food in everyday life,
particularly in the case of processed foods and culturally diverse diets. This limits the real-world applications
of many findings and highlights the need for studies which need to be conducted in a more natural eating
environment. Portable EEG devices and wearable sensors are making it easier to study food related responses
in everyday settings rather than only in controlled laboratories. Combining brain data with Al and machine
learning techniques may also help to improve the prediction of food preferences and eating behaviors.
Further progress in this field will depend on collaboration across neuroscience, psychology, nutrition and
marketing to develop a larger understanding of how people perceive and choose food. Finally, ethical
considerations should remain as an important part of consumer neuroscience and neuromarketing as the fields
continue to develop. These technologies should be used to inform and support consumers with transparency
rather than manipulate their choices thus making responsible use of neural data. The future of this field will
depend not only on advances in the methods and technology but also on the ethical and responsible manner in
which the research is conducted.
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