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ABSTRACT
Previous studies have mainly focused 
on the comparison of brain activation 

between liked and disliked food products, ignoring subtle 
differences in the subjective liking experience of foods. In 
the present study, we focused on the neural substrates 
underlying subtle differences in liking of visually presented 
foods. Thirty-three participants evaluated pictures of food 
products and provided a liking rating on a Visual Analogue 
Scale (VAS) while concurrently high-temporal resolution 
electroencephalography (EEG) was being recorded. 
Subsequently we investigated the evoked brain responses 
(both event-related potentials and oscillatory changes) by 
means of regression analysis on the different liking ratings. 
The results indicated that the neural underpinnings of 
subtle differences in the behavioral expression of liking 
concern a cascade of different processes. First, food 
stimuli that were evaluated higher, compared to lower, on 
liking were followed by smaller amplitudes between 230 
and 270ms on right fronto-central electrodes. This might 
indicate that higher liking is related to increased automatic 
approach tendencies towards pictures of food, and that 
liking scores reflect a form of utility evaluation of the food 
product depicted on the pictures. Second, the observed 
effect of larger amplitudes between 270 and 600ms on 
right fronto-central-parietal electrodes in response to food 
stimuli that were evaluated higher, compared to lower, on 
liking, most likely indicates increased arousal elicited by 
higher liking. Third, we demonstrated larger lateralized 
cortical activity later in the EEG signal (1000 through 
1500ms) for higher, compared to lower-liked, food products, 
suggesting that information from affective representations 
of food products is drawn upon in order to express liking. 
Oscillatory changes in the alpha band were not related to 
food liking. Altogether, we showed that the use of pictures 
of food products combined with regression based methods 
enabled us to shed light on the neural substrates underlying  
subtle differences in the experience of liking.

Keywords: food, liking, EEG, ERP, asymmetry, 
time-frequency
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Beyond liking and disliking: subtle differences in food liking are reflected in electrical brain activity

INTRODUCTION
Individuals differ in the food products they like to eat. Although we are genet-
ically predisposed to like sweetness and dislike bitterness, preferences can be 

influenced through exposure to food products. We, for example, can learn to like a bitter taste by 
association of bitterness with other tastes (e.g., coffee with sugar), post-ingestive benefits (e.g., 
stimulating effects of caffeine in coffee) or context (e.g., beer during parties and not as break-
fast) (Maes, Havermans, & Vossen, 2000; Reed, Tanaka, & McDaniel, 2006; Yeomans, 2009). As a 
result, the liking ratings of different food products within ‘generally liked food categories’ might 
significantly differ across food products within that category and between individuals (Dalenberg, 
Nanetti, Renken, de Wijk, & Ter Horst, 2014; Drewnowski, 1997; Kihlberg & Risvik, 2007; Köster, 
2003). For example, an individual may highly like sweet pancakes, but may show less liking for 
sweet chocolate cookies. These differences in liking between and within individuals are increas-
ingly relevant for understanding food choice. In the context of a growing range of ‘generally’ liked 
food products offered within specific food categories (e.g., based on caloric density and taste) on 
the marketplace, more subtle differences in liking will determine what choices will be made.

Investigations regarding the prediction of food choice based on liking are currently limited in two 
ways. First, liking is commonly measured on a behavioral level using subjective liking ratings scored 
on a fixed-point rating scale (Finlayson, King, & Blundell, 2007). These ratings allow the construction 
of categories of liked and disliked food products, but do not so much reflect the subtle differences 
within liked foods. Second, subjective liking ratings are based on verbal, overt behavior that taps into 
deliberate and controlled processes. In other words, liking ratings are the final outcome of a large 
number of processes performed in our sensory organs, subcortical and cortical brain areas (Eschen-
beck, Heim-Dreger, Steinhilber, & Kohlmann, 2016). We sought to overcome these two limitations in 
the present study by employing a linear regression method that takes into account the continuous na-
ture of individual liking ratings. Linear regression analysis can be considered as a generalisation of the 
factorial design (i.e., using categories of liked and disliked food products), which better exploits the full 
range of liking ratings, and thereby increases power as compared the discretizing continuous variables 
into categories (Cohen, 1983; Hauk, Davis, Ford, Pulvermüller, & Marslen-Wilson, 2006; MacCallum, 
Zhang, Preacher, & Rucker, 2002). An estimate for the slope of the regression line, that most optimally 
fits between the continuous liking ratings and neural activity, can be calculated for each individual 
subject. In order to disentangle processes that underlie subtle differences in liking of food products, 
we applied this linear regression method to the high temporal resolution electroencephalography (EEG) 
signal measured during affective evaluation of visually presented pictures of food products.

Previous studies have shown that several sources of information, that originate from the EEG signal, 
can shed light on the temporal cascade of mental processes, underlying the affective evaluation of 
visually presented (food) items. For example, the event related potential (ERP waveform - the average 
EEG signal evoked by an event), elicited after the presentation of unpleasant and pleasant stimuli, can 
give insight into processes underlying the evaluation of the stimuli based on visual features (Carretié, 
Mercado, Tapia, & Hinojosa, 2001) or based on attractiveness (Sun, Chan, Fan, Wu, & Lee, 2015). 
Especially the amplitude of late ERP components (after ~300ms) have found to be sensitive to differ-
ences in affective stimulus evaluation (De Cesarei & Codispoti, 2011; Hume, Howells, Rauch, Kroff, & 
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Lambert, 2015; Nijs, Franken, & Muris, 2008; Schupp et al., 2000). More specifically, the amplitude 
of the late (400-700ms) positive potential (LPP), that is recorded at the dorsal scalp electrodes, can 
be a potential neural marker for subtle differences in liking. This potential was found to be larger for 
unpleasant and pleasant stimuli, compared to neutral stimuli (i.e., images of spiders, nude models, and 
households objects, respectively), suggesting a recruitment of mental resources while judging valence 
and arousal of these visual stimuli (Cuthbert, Schupp, Bradley, Birbaumer, & Lang, 2000). Moreover, 
the amplitude of the LPP also positively correlated to the perceived beauty of faces (Johnston & Oliver‐
Rodriguez, 1997). In the current study, we will use the LPP as a marker for subtle differences in liking 
related to affective evaluation of the visually presented food products.  

The asymmetry in neural activity is a second potential marker, that we will apply in the present 
study, to examine neural mechanisms underlying the experience of liking. Previous research sug-
gests that this asymmetrical activity is especially distinct in the frontal cortex (Canli, Desmond, 
Zhao, Glover, & Gabrieli, 1998; Davidson & Fox, 1982). For instance, in an ERP study, negative 
pictures produced smaller positive amplitudes between 300 and 600ms that were recorded at left 
frontal electrodes compared to positive and neutral pictures from the International Affective Pic-
tures System (IAPS; Lang, Bradley, & Cuthbert, 2008). No such effect of affective evaluation was 
observed on right frontal electrodes (Conroy & Polich, 2007). 

Finally, oscillatory activity in the alpha frequency (8 to 14Hz) range has been found to be a marker of 
affective evaluation. Increased left, relative to right, alpha-band oscillations were associated with 
better discrimination between pleasant and unpleasant stimuli (Aftanas, Reva, Varlamov, Pavlov, 
& Makhnev, 2004; Coan, Allen, & McKnight, 2006; Davidson, 2004; Gable & Harmon-Jones, 2008; 
Kuriki, Miyamura, & Uchikawa, 2010; Schöne, Schomberg, Gruber, & Quirin, 2016; Zion-Golumbic, 
Kutas, & Bentin, 2010). Alpha-band oscillations were found to be inversely related to liking (Cook, 
O’Hara, Uijtdehaage, Mandelkern, & Leuchter, 1998). When participants were asked, for example, 
to express joy for one minute in a Directed Facial Action Task, relatively less left frontal alpha pow-
er was produced compared to holding expressions of disgust (Coan, Allen, & Harmon-Jones, 2001). 
To conclude, brain activity potentially provides important information about the neural under-
pinnings of subtle differences in liking. Although previous studies have focused on the neural dif-
ference between evaluating pleasant and unpleasant visually presented food products, little at-
tention has been placed on more subtle intra-individual differences in the extent to which liking 
is experienced in response to visually presented ‘generally liked food products’ (Berthoud, 2011; 
Lowe & Butryn, 2007; Saper, Chou, & Elmquist, 2002; Yu et al., 2015). The growing supply of food 
products offered within specific food categories (e.g., breakfast products) on the market requires 
more advanced methods to disentangle subtle differences in food liking in order to understand 
food choice of individual consumers. 

In the present study, we investigated how neural activity (i.e., ERP and oscillations) evoked by 
visually presented food products, relates to intra-individual variability of continuous likings rat-
ings, that are provided following those food products. We hypothesize that increased liking is 
associated with increased amplitudes of late ERP components, as well as higher cortical activity as 
reflected by lower power alpha-band oscillations in the left relative to right hemisphere.
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METHODS AND MATERIALS

Participants 
Thirty-three right-handed volunteers participated in the study (19-25 years of age (SD = 1); 14 
males). All participants were recruited at the Faculty of Behavioral and Social Sciences of the 
University of Groningen. They had normal or corrected-to-normal visual acuity and no history of 
eating disorders or any other psychiatric, serious medical or neurological diseases. None of the 
participants was on psychoactive or hypertensive medication. Four participants reported being 
vegetarian, and one participant reported being on a diet. Participants were given course credits 
in exchange for participation. Participants were asked to abstain from eating at least one hour 
before the experiment started. Approval of the present study was obtained from the local ethics 
committee of the Faculty of Behavioral and Social Sciences of the University of Groningen. All par-
ticipants signed an informed consent form prior to the beginning of the study.

Task and Stimuli
The food stimuli consisted of colored pictures depicting food items. These food items could be 
characterized by taste (sweet or salty) and context characteristics (dinner, breakfast, healthy, 
or unhealthy), making up 8 picture categories: “sweet-breakfast”, “sweet-dinner”, “sweet-
healthy”, “sweet-unhealthy”, “salty-breakfast”, “salty-dinner”, “salty-healthy”, and “salty-un-
healthy”. For each category, 15 pictures of food items were selected, resulting in a total of 120 
pictures. All pictures used in this study were adjusted to 480 x 300 pixel (i.e., 16.3 x 10.2 cm) 
images on a white background. Stimuli were presented on a personal computer running Windows 
7, with a 22-inch CRT monitor (refresh rate of 60Hz). 

Each trial consisted of a black fixation cross (+) presented in the center of the screen (Figure 1). 
After 300ms, this fixation cross was replaced by a food picture, presented for 1500ms. Follow-
ing the food picture, participants were presented with a Visual Analogue Scale (VAS). They were 
asked to indicate, on a scale ranging from “not at all” to “very much”, how much they liked the food 
product presented on the screen by pressing the left mouse button with their right index finger at a 
point along this line. These liking ratings were digitized between 0 (not at all) and 900 (very much) 
respectively, in order to maximize statistical power as compared to fixed-point ratings. The VAS 
stayed on the screen until the participants entered a response, with a maximum of 5000ms. The 
task was programmed in PsychToolbox (psychtoolbox.org), and implemented using MATLAB (The 
Mathworks, Inc. 2014), which was also used to collect the behavioral data.

Procedure
After application of the electrodes for EEG recording, participants were seated individually in a 
dimly lit, sound-attenuated room, facing a computer screen (50cm from the screen). They were 
first asked to fill out a two-minute questionnaire containing questions about their age, nationality, 
current level of hunger, diet, and food restrictions. After an associative priming task, which took 
about 8 minutes to complete (Hoogeveen, Jolij, Ter Horst, & Lorist, 2016, Chapter 7 of this thesis), 
participants performed the food liking rating task. After 40 and 80 trials participants were allowed 
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to take a self-timed break. The order of trials was randomized across participants. In total, the 
experiment took approximately 50 minutes. 

EEG recording and preprocessing
EEG was recorded using an electrode cap (ElektroCap International Inc., Eaton Ohio, USA), con-
taining 21-electrodes placed according to the international 10-20 system. An average reference 
was used. All electrode impedances were kept below 5KΩ. Two electrodes, placed at the mastoids, 
were used for off-line re-referencing of the EEG signal. An electrode placed on the sternum served 
as the participant’s ground. Four electrodes, placed at the left and right lateral canthi and above 
and below the right eye, were used to measure the Electro Oculogram (EOG). Data acquisition was 
performed using Brain Vision Recorder (version 1.03, BrainProducts GmbH, Munich, Germany). 
Data was amplified using a REFA 8-72 amplifier (Twente-Medical Systems, Enschede, The Nether-
lands) within the 0-125Hz frequency band and digitized with a sampling rate of 250Hz.

Eye blinks were corrected using independent component analysis (ICA). Prior to the independent 
component (IC) decomposition, epochs were extracted 1 to 3s surrounding the presentation of the 
food pictures. Epochs containing noise (especially high-frequency muscle artifacts and movement 
artifacts) were excluded from ICA decomposition (using a -150 – 1000mV threshold from which 
the ocular electrodes were excluded - the asymmetry of this threshold ensured that most blinking 
remained in the data), and data was filtered using a zero phase shift 0.5Hz highpass filter. Sub-
sequently, ICs were extracted using the extended Infomax algorithm, as implemented in EEGlab 
version 13 (Delorme & Makeig, 2004). ICs were copied to the original raw dataset that was filtered 
with a 0.1Hz causal filter; and subsequently, components reflecting blinks or horizontal eye move-
ments (~2 per subject) were removed from the data. Epochs containing any remaining artifacts 
(muscle noise) were detected using either a 110mV threshold and a 50mV step function -1 to 3s 
around the onset of the food pictures and excluded from further analysis. 

Frequency decomposition for the oscillatory analysis was performed by means of multiplying the 
data with a sliding tapered Hanning-window from -1 to 3s around the onset of the food pictures (as 
implemented in the FieldTrip toolbox: Oostenveld, Fries, Maris, & Schoffelen, 2011). The window 

Figure 1. Example of a trial
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moved across time with steps 50ms from 4 to 20 Hz. The tapered window had a length of 4 cycles for 
3-7Hz, 5 cycles for 8-14Hz, and 7 cycles for above 15Hz, and was used to determine power in the 
theta, alpha, and beta bands, respectively. All power values were natural-log-transformed prior to 
regression analysis (Allen, Coan, & Nazarian, 2004). No baseline correction was performed. 

Linear models of EEG data - waveforms and oscillations 
A linear model was run separately for every subject, time, and electrode and, in the case of the 
oscillatory data, every frequency point based on a design matrix. The design matrix included an 
intercept, picture category, and liking rating (0 – 900 – which were z-transformed prior to regres-
sion, thereby removing between-subject differences in both mean and standard deviation), and 
the interaction between picture category and liking. 

The estimated beta weights obtained from the linear model, for both the ERP waveform and oscillatory 
data, were used to electrocortical responses were modulated by liking. This resulted in event-related 
potentials (ERPsm) and event related spectral pertubations (ERSPsm) for each subject and condition of 
interest (i.e., high and low liking) (subscript m stands for “modeled”). To visualize the effect of liking, 
we chose the following parameters for the conditions of interest: high liking [1.5 sd above the mean for 
each subject] and low liking [1.5 sd below the mean for each subject]. These ERPsm values contain the 
intercept; and consequently, the traditional ERP morphology is maintained using these modeled values. 
This is crucial in analyzing, visualizing, and comparing obtained ERPsm with the existing literature. 
Accordingly, the modeled ERPsm and ERSPsm can be analyzed similarly to a traditional analysis with 
the advantage of utilizing the continuous nature of liking ratings (for a more elaborate discussion of 
this approach see also (Hauk et al., 2006; Miozzo, Pulvermüller, & Hauk, 2015)).

Statistical analysis - electrophysiological data
Based on the literature we defined several regions of interest (ROI’s): posterior (O1 ,Oz, O2), 
parietal left (C3, P3), parietal right (C4, P4), fronto-central left  (F3, FP1, C3), fronto-central 
right (F4, FP2, C4). Additionally, we identified two post-stimulus periods of interest, an early (200 
to 600ms) and late (1000 to 1500ms) period. These time periods constituted the period for pro-
cessing of stimulus characteristics and late (slow wave potentials) activity in preparation for the 
VAS. Furthermore, asymmetry of ERPsm and ERSPsm was defined by subtracting brain activity 
(amplitudes) elicited in the low from high liking condition, and subsequently amplitudes or power 
values recorded at the right from the homologous left electrodes. To statistically test the effect of 
liking (two levels: high and low) on ERPsm and ERSPsm, we entered subject-specific amplitudes and 
power values as dependent variables in separate paired two-sample t-tests. 

RESULTS

Behavioral data – liking ratings 
Liking ratings varied within-subjects across food products of the same picture category (mean liking 
= 568, sd liking (within subject)  = 191; Figure 2). 

Beyond liking and disliking: subtle differences in food liking are reflected in electrical brain activity
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Stimulus processing 
To gain better understanding of the neural substrates underlying stimulus evaluation, our analysis 
first focused on the ERPsm evoked by pictures of food followed by relatively higher and lower liking 
ratings. Figure 3 revealed that the ERPsm elicited by the pictures of food that were rated high and 
low with respect to liking started to diverge ~230ms over the right fronto-central electrodes and 
this difference peaked around 400ms after picture onset. The presentation of pictures of food that 
were rated low showed larger negative amplitudes compared to pictures of food that were rated 
high, but only over the right fronto-central electrodes (side × liking: t 200 – 600ms (32) = 2.2, p = 0.03; 
high vs low on the left side: t 200 – 600ms (32) = -0.7, p = n.s.; high vs low on the right side: t 200 – 600ms 
(32) = 2.6, p = 0.01; Figure 3). We found no differences over the parietal or posterior electrodes.

Late asymmetry in slow-wave event-related potentials (ERPsm)
Next, we analyzed the ERPsm signal in the late interval that is, prior to the visual presentation of 
the VAS, specifically focusing on asymmetry in slow wave preparatory potentials. Between 1000 
and 1500ms a right lateralized slow wave positive deflection over the right parietal and fron-
to-central sites was revealed for high compared to low rated foods (side × liking: t 1000 – 1500ms (32) = 
2.5, p = 0.02; high vs low on the left side: t 1000 – 1500ms (32) = -1.8, p = 0.08; high vs low on the right 
side: t 1000 – 1500ms (32) = 2.7, p = 0.01; Figure 3 and 4). 

In sum, the ERPsm evoked by the visually presented food products were different for pictures of 
food that were followed by higher compared to lower liking ratings, which was reflected in ampli-
tude differences in the right hemisphere, as well as asymmetry of amplitudes between the left and 
right hemisphere. 

Figure 2. Within-subject variability (SD) of liking ratings across food products of the same category.
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Asymmetry of event-related spectral perturbations (ERSPsm)
We performed a time-frequency analysis to examine whether liking ratings were reflected in alpha 
power asymmetry. We found that liking was not associated with modulations in alpha-band power 
asymmetry elicited by the food pictures (Figure 1 Supplementary Material).  

DISCUSSION
The aim of the present study was to investigate whether cortical activity (i.e., ERP 
and oscillations) reflects intra-individual variability in food liking, as indicated by 

continuous liking ratings that are provided following the presentation of pictures of food. Our re-
sults, based on linear regression, in which liking ratings were entered as a continuous variable of 
interest instead of the step function (i.e., high vs. low ratings) used in factorial designs, provided 
evidence that higher, compared to lower, liked food products were associated with ERP amplitude 
differences in multiple time windows following the visual presentation of these food products. Differ-
ences in liking were found to be related to modulations of late, lateralized, deflections at fronto-cen-
tral-parietal regions. These brain areas were previously found to be involved in affective evaluation 
of stimuli, indicating that liking is reflected in the evaluative representation of food products.   
 
In the present study, we showed that early occipital deflections, reflecting visual processing of phys-
ical characteristics of pictures of food, were not significantly related to differences in liking. Previous 
studies showed that these early ERP components can be influenced by attention (Luck, Heinze, Ma-
ngun, & Hillyard, 1990; Luck, Chelazzi, Hillyard, & Desimone, 1997). For example, larger amplitudes 
of early visual ERP components (e.g., P1 and N1 at 120-150 ms) were observed if individuals paid 
more attention to affective compared to neutral stimuli (Batty & Taylor, 2003; Carretié, Hinojo-
sa, Martín-Loeches, Mercado, & Tapia, 2004; Eimer & Holmes, 2007). Similarly, reward expectancy 
modulates the posterior N1 and N2 component, by enhancement of the sensitivity of visual cortices 
through the attentional system (Hickey, Chelazzi, & Theeuwes, 2010; van den Berg, Krebs, Lorist, & 
Woldorff, 2014). Following this, the absence of comparable effects in our study suggests that phys-
ical characteristics of higher and lower liked food products were processed similarly and that liking 
was not related to an attentional bias towards a specific category of the pictures of food. 

Instead of a difference in the visual perception of physical characteristics or differences in atten-
tional bias towards higher or lower liked pictures of food, the results seem to indicate that subtle 
differences in liking ratings are related to affective evaluation of visual food stimuli. The first 
indication of neural differences related to affective evaluation of pictures of food was found in a 
larger negative fronto-central deflection for low, compared to high, liked pictures of food prod-
ucts. A similar shift in the ERP has been observed in experiments inducing response conflict, such 
as where participants performed approach-avoidance or go/no-go tasks (Buodo, Sarlo, Mento, 
Messerotti Benvenuti, & Palomba, 2015; Groom & Cragg, 2015; Munro et al., 2007). Larger nega-
tive amplitudes in this time interval were, for example, observed when participants had to avoid 
(i.e., push a joystick) positive pictures of the International Affective Pictures System compared 
to when participants had to approach (i.e., pull a joystick) these pictures (IAPS; Lang, Bradley, 
& Cuthbert, 2008) (Ernst et al., 2013). These and other authors interpreted this effect as an N2 

Beyond liking and disliking: subtle differences in food liking are reflected in electrical brain activity
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effect (Clayson & Larson, 2011; Folstein & Van Petten, 2008). Approach and avoidance tendencies 
are automatically triggered by stimuli that are highly relevant to an individual (Friese, Hofmann, 
& Wänke, 2008). Evolutionary, visually presented food products are perceived as highly relevant 
to an individual. Following our observations, that larger N2-like amplitudes were related to food 
products associated with low compared to high liking, we hypothesize the presence of increased 
response conflict of automatic approach tendencies towards low compared to high liked pictures 
of food. The lower approach tendencies might reflect the reduced consumption of food products 
expected to elicit less liking. However, it should be noted that participants in the current study did 
not perform a specific response inhibition task, such as an approach-avoidance or go/no-go task, 
and therefore this hypothesis needs further investigation.   

Our observation of larger negative amplitudes starting at 230ms over the right fronto-central 
channels by visually presented food products, that were lower compared to higher liked, is also 
in line with an interpretation in terms of the evaluation of utility. For instance, in this time period 
several components have been identified that are influenced by some form of utility evaluation. 

Figure 3. Effect of liking. The ERPsm waveforms [A] and scalp topographies [B] indicate differences between high and low lik-
ing between 230 and 600ms on right fronto-central electrodes and after 1000ms on right fronto-central-parietal electrodes.
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One such component, the FRN is typically observed at the fronto-central regions in tasks in which 
participants receive feedback (visual or auditory) indicating that their performance is worse than 
expected in a given context (Ward et al., 2013). It was suggested that this negative deflection re-
flects early appraisal of stimuli based on a binary expected utility as a signal originating from the 
anterior cingulate cortex (Hajcak, Moser, Holroyd, & Simons, 2006; Liu, Nelson, Bernat, & Gehring, 
2014; San Martin, 2012; Walsh & Anderson, 2012). Similarly, the P3a component, which is also ob-
served at fronto-central regions, is a subcomponent of the P3 component falling in the same time 
period as the FRN. The P3a is an ERP component associated with the focusing of attention towards 
salient information that is evaluated as important (Polich, 2007). Based on these modulations of 
fronto-central brain activity, that are related to some form of utility evaluation, we suggest that the 
observed differential deflection for lower versus higher liked visual food items might represent the 
utility evaluation of the food items by frontal cortical regions.

In addition to the enhancement in the N2/FRN range in response to pictures of low-liked food 
products, we observed larger positive ERP amplitudes between 270 and 600ms in response to the 

Figure 4. Asymmetry effect of liking. The ERPsm waveforms [A] and scalp topographies [B] indicate a larger asymmetry 
effect for high, compared to low, liking after 1000ms after food picture presentation on fronto-temporal electrodes.

Beyond liking and disliking: subtle differences in food liking are reflected in electrical brain activity
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presentation of pictures of food products that were high, compared to low, liked. A similar positive 
deflection at parietal regions has been found when participants passively viewed (Liu, Huang, Mc-
Ginnis-Deweese, Keil, & Ding, 2012) or affectively evaluated IAPS pictures (Cuthbert et al., 2000). 
This waveform recorded at fronto-central-parietal brain regions was referred to as “late positive 
potential” (LPP) (Hajcak, MacNamara, & Olvet, 2010). Previous studies showed that LPP enhance-
ment is similar for unpleasant and pleasant IAPS pictures and pictures of liked food products com-
pared to control pictures (Gable & Harmon-Jones, 2010; Nijs et al., 2008; Schupp et al., 2000). We 
extend on the previous literature, by showing that larger LPP amplitudes were related to the subtle 
intra-individual differences in affective evaluation of pictures of foods, in addition to the ability of 
this component to dissociate between affective and neutral stimuli (De Cesarei & Codispoti, 2011; 
Leite et al., 2012). Following previous interpretations, this finding may reflect increased arousal 
for pictures of high, compared to low liked food products.  

Given previous evidence suggesting involvement of the left frontal hemisphere in positive affect, 
we studied whether asymmetry of activity between the left and right hemisphere was indicative of 
food liking. We observed a larger frontal asymmetry for high, compared to low, liked food products, 
starting at around 1000 ms after the presentation of pictures of food and lasted until onset of the 

Supplement - Figure 1. Asymmetry effect of liking. The ERSPsm power spectra [A] and scalp topographies [B] indicate no 
differences in alpha power asymmetry between pictures of food followed by high liking ratings and pictures of food that 
were followed by low liking ratings.
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rating scale. The ERP asymmetry observed in the present study was mostly due to enhanced ac-
tivity over the right electrodes. However, as the right positive deflection is quite broad this would 
suggest a deeper source, which is difficult to locate in either the left or right hemisphere. The 
dipole source may also very well be located in the left frontal cortex, which is in line with previous 
evidence suggesting involvement of the left frontal hemisphere in positive affect (Altenmüller et 
al., 2002; Craig, 2005; Davidson, 1992; Davidson, Ekman, Saron, Senulis, & Friesen, 1990; Sutton 
& Davidson, 2000; Wheeler, Davidson, & Tomarken, 1993). We consider that our data potentially 
reflects greater lateralized frontal involvement during processing of higher, compared to lower, 
liked pictures of food. Interestingly, this effect is strongest just before participants had to express 
their liking, indicating that information from affective representations of food products is drawn 
upon in order to express liking.

Moreover, we hypothesized that lateralized frontal cortical activity, that is related to affective 
processing, would be inversely related to alpha power (Coan et al., 2006; Davidson, 2004; De 
Cesarei & Codispoti, 2011; Gable & Harmon-Jones, 2008; Kuriki et al., 2010; Zion-Golumbic et 
al., 2010). This hypothesis was not confirmed; we did not observe frontal alpha power asymmetry 
related to subtle intra-individual differences in liking of pictures of food. This finding holds with 
suggestions that asymmetry elicited by affective pictures, such as pictures of foods, may be over-
powered by the fact that individuals strive for a stable affective state, and thus employ emotion 
regulation that results in stable asymmetry across different pictures of food products (Gable & 
Harmon-Jones, 2008; Uusberg et al., 2014). 

Conclusion
We investigated subtle intra-individual differences in liking in response to pictures of food prod-
ucts. Our results indicated that the neural underpinnings of subtle differences in the behavioral 
expression of liking concern a cascade of different processes. First, we suggest that the effect 
between 230 and 270ms reflects a N2-like enhancement, which is related to increased response 
conflict of automatic approach tendencies towards low compared to high liked pictures of food. 
From an FRN/P3a perspective, we advocate that this effect might also demonstrate that liking 
scores reflect a form of utility evaluation of the food products depicted on the pictures. Second, 
the effect observed between 270 and 600ms most likely resembles an LPP enhancement, indicat-
ing increased arousal elicited by high, compared to low, liked pictures of food products. Third, we 
demonstrated larger lateralized cortical activity later in the EEG signal (1000 through 1500ms) for 
high, compared to low-liked, food products, suggesting that information from affective represen-
tations of food products is drawn upon in order to express liking. 

These insights become increasingly relevant, since the current availability of ‘generally liked food 
products’ does not require much dissociation between disliked and liked foods, but rather disen-
tanglement of subtle differences in liked foods. Moreover, many food choices are made in the ab-
sence of the actual perception of a food’s sensory properties, and therefore high rely on previous 
experiences of similar consumptions stored in memory. In the present study, the use of pictures 
of food products combined with regression based methods enabled us to shed light on the neural 
mechanisms underlying food liking and may predict food choices. 

Beyond liking and disliking: subtle differences in food liking are reflected in electrical brain activity
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