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Abstract

Objective: Serum concentrations of the orexigenic hormone ghrelin fluctuate in

anticipation of food intake. Moreover, presentation of food images causes an in-

crease in serum ghrelin levels. Thus, the visual system may have a quantifiable role

in the development of hunger via the endocrine system. The influence of macro-

nutrient visualization on ghrelin has not yet been investigated.

Methods: In four separate sessions, ghrelin concentrations, insulin, and glucose

levels were compared before and after the presentation of different pictures to 14

male participants. Pictures included neutral, non‐food‐related items or isocaloric

dishes whose macronutrient composition corresponded predominately to protein/

fat, simple carbohydrates, or complex carbohydrates.

Results: While pre/post ghrelin concentrations numerically increased in all sessions,

significant increases were only observed following neutral and protein/fat pictures.

The differences were not significant between food groups and compared to neutral

images. Insulin levels decreased in all groups, but no significant differences were

observed between sessions. The glucose concentrations were within the euglycemic

range.

Conclusion: The results did not reproduce the induction of ghrelin secretion in

different food images. Therefore, it is unclear whether the visual perception of food

influences ghrelin secretion or whether separation into macronutrients changes the

hormone response. Further research is required to differentiate the interactions of

sensory‐specific satiety.
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1 | INTRODUCTION

The absorption of different macronutrients leads to optimal regula-

tion of endocrine messengers.1 The orexigenic peptide hormone

ghrelin plays an essential role in the development of hunger. Ghrelin

is mainly secreted by the gastric fundus.2 In humans, the activation of

a peptide hormone by esterification with octanoic acid in acyl‐ghrelin
via the enzyme ghrelin O‐acyltransferase (GOAT) occurs.3,4 In

contrast to the non‐acylated derivative, acylated ghrelin can activate
the growth hormone secretagogue receptor (GHS‐R) due to its

membrane permeability.5 The physiological effects of ghrelin include

numerous mechanisms that result in a positive energy balance.6,7

Intravenous application of ghrelin increases food intake in humans,

and chronic application causes weight gain in mice.8,9 Physiological

blood levels are subject to pulsatile fluctuations. During food re-

striction and before food intake, ghrelin concentrations rise and fall

again after meal ingestion.10,11 Thus, the subjectively perceived

feeling of hunger and the expectation of a forthcoming meal correlate

positively with ghrelin.12 After weight loss, increased hormone levels

correlate negatively with body mass index (BMI).13,14

Ghrelin and insulin demonstrate antagonistic effects. An injec-

tion of ghrelin leads to insulin suppression even after glucose infu-

sion.15 Ghrelin unfolds this effect directly in insulin‐producing
pancreatic β‐cells.16 In contrast, ghrelin‐producing gastric cells ex-

press insulin receptors on their surfaces and are inhibited by insu-

lin.17 While ghrelin increases insulin sensitivity, obesity‐associated
insulin resistance with elevated insulin levels leads pathophysiolog-

ically to lower circulating ghrelin levels.18 Furthermore, insulin

lowers blood glucose, while ghrelin prevents hypoglycemia during

extreme fasting periods through the release of growth hormone

(GH).19

Visual perception of high‐calorie food images leads to increased

activity in the prefrontal cortex, reward centers, and limbic sys-

tem.20,21 In humans, intravenous application of ghrelin increases ac-

tivity in these brain regions. Moreover, it was found that subjects

could also remember food pictures better than a placebo group.22,23

Schüssler et al. showed that the visual presentation of food induces

endocrine secretion of total ghrelin levels. They examined the ghrelin

levels of male volunteers before and after the presentation of food

images and compared them to non‐food‐related photos. Significant

differences were observed in the increase in ghrelin concentrations

30 min before and after the presentation. Insulin and leptin levels

were measured simultaneously, but no significant differences were

observed.24

Macronutrients have a specific influence on postprandial ghrelin

levels, and ingestion of carbohydrates (CH) causes a pronounced

short‐term drop in ghrelin. Moreover, proteins result in long‐term
suppression, and lipid intake leads to a weak hormone reduction.25,26

Whether the visualization of different macronutrients affects

ghrelin concentration has not been investigated. To specify the visual

impact, this study divided the food pictures into meals that consisted

predominantly of fat/protein, short‐chain carbohydrates (SCCH), or

long‐chain carbohydrates (LCCH). The control session included

neutral pictures. Insulin and glucose levels were determined to

evaluate glucose homeostasis and analyze the ghrelin interaction.

Based on solid ghrelin suppression after ingestion of CH, it was

hypothesized that ghrelin is increased most by visualization of CH,

whereas a minor increase was expected after the presentation of fat/

protein.

2 | SUBJECTS AND METHODS

2.1 | Participants

Healthy male volunteers (college students) were recruited from

various locations at Georg‐August‐University in Göttingen, Germany.
The sex preference resulted from the pilot study protocol24 and was

followed to avoid additional variables. The test participants were

informed in advance that they would be confronted with pictures, but

they were not aware of the content. Each participant received an

expense allowance.

A total of 18 males that were in the normal weight range (BMI

18.5–25 kg/m2) were included. All were aged between 20 and

30 years and had an omnivorous diet corresponding to the local

culture. Followers of specific diets (e.g., low carb) or alternative diets

(e.g., vegetarian, vegan) were excluded. All study participants were

emmetropic or corrected to emmetropia. With the help of an

anamnesis curve, it was confirmed that the participants did not suffer

from food allergies, eating disturbances, or chronic illnesses. Partic-

ipants were not exposed to shift work/sleep deprivation, drug abuse,

or excessive physical training, as shown in Table S1.

The ethics committee of Georg‐August‐University of Göttingen

approved the project. All participants provided written informed

consent.

2.2 | Experimental paradigm

Each of the 18 volunteers underwent four different study sessions

and were subjected to a photo presentation during each. Each pre-

sentation consisted of 50 different photos demonstrated three times

on a computer screen for 15 min in random order. The four separate

sessions were arranged in random order for each participant.

Study condition A: Non‐food photos (control condition, e.g.,

office supplies).

Study condition B: Fat‐protein meal (lipid/protein, e.g., steak

with salad and dressing).

Study condition C: Short‐chain carbohydrates (SCCH, e.g.,

dessert).

Study condition D: Long‐chain carbohydrates (LCCH, e.g., pasta
dish).

The dishes shown in study conditions B–D had a similar energy

content of approximately 420 kcal. More than 50% of the energy
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content was delivered by complex carbohydrates (starches) in study

condition D. In study condition C, at least 50% of the energy content

consisted of simple carbohydrates, such as sucrose, glucose fructose,

lactose, and maltose. The macronutrients were distributed in this way

for practicability: meals containing lipids are often combined with

protein (e.g., nuts), while animal proteins often contain appropriate

amounts of fat (e.g., red meat, fish). The presentation of predomi-

nantly fat‐containing foods, such as oil or butter, as a distinct group

would be questionable because they are not consumed in their pure

form without a side dish and are probably considered less appetizing

on their own. The meals were based on the current local food culture,

for example, a sandwich, sausage with mustard and ketchup, or

snacks like gummy bears, nuts, or a piece of cake.

Dishes were prepared and photographed in an appetizing

manner based on the requirements of macronutrient composition.

The neutral images in group A depicted non‐food items such as

clothing, office supplies, or musical instruments and were purchased

from the collection of www.fotolia.com. The images are available

from the authors.

2.3 | Pre‐test

To prevent different image quality of the food presented, 15 male

volunteers rated the food photos in terms of their attractiveness

using a scale from one (very tasty) to seven (not tasty). The pre‐test
participants rated all 150 food images, which were viewed in a mixed

order. In this way, an equal attractiveness of the food shown could be

guaranteed. Since the volunteers were aware of the images, all 15

participants in the pre‐test were excluded from further study. This

procedure was adopted in the pre‐test of the pilot study.24

2.4 | Study procedure

The volunteers were fasted at 8:15 AM at all four appointments.

Before breakfast, participants had to confirm that they had not eaten

or consumed caloric beverages since the previous evening. At 8:30

AM, a traditional breakfast was served in the form of two buns with

two portions of butter, a serving of jam, and two servings of cold cuts,

alternately consisting of cheese or sausage so that the total calorie

content of the meal was approximately 650 kcal. The consumption of

water, tea, and coffee do not affect ghrelin concentrations.27–29

Therefore, tea and water drinking were allowed during the morn-

ing, with an additional cup of coffee at breakfast.

Since the blood draws by Schüssler et al. prior to 10:00 AM were

not considered in their statistical results, blood samples were

collected eight times between 10:00 and 11:20 AM (10:00, 10:15,

10:30, 10:40, 10:50, 11:00, 11:10, and 11:20). The interval between

each of the appointments was between three and eight days. The

time schedule is shown in Figure 1.

Between 9:30 and 9:45 AM, an intravenous catheter was placed

into the elbow vein of each participant to perform blood sampling at

the given time. Blood was drawn via an attached three‐way stopcock.
Moreover, 5 ml of blood was aspirated and discarded before each

measurement to avoid dilution of the samples. One sample intended

for ghrelin and insulin measurement (7 ml) and one sample for

glucose level determination (3.1 ml) were taken.

At 10:30 AM, the participants watched one of the four photo

presentations on a 24 in. (61 cm) diagonal screen. The 50 images of

each session were randomly presented three times over 15 min and

changed every 6 s.

The test room was free of confounding factors, such as visual or

acoustic stimuli, and the participants could read only neutral, non‐
food‐related text material before and after the presentation. For

this purpose, magazines were provided for entertainment after the

removal of food‐related content.

2.5 | Determination of laboratory parameters

After labeling with the subject number, session type, and time of

collection, serum samples intended for hormone level measurement

were transported on ice and stored at −80°C until the final sessions.

The determination of glucose levels was performed in the central

laboratory of the University Medical Center Göttingen after each

session and the analysis of ghrelin and insulin in a dedicated labo-

ratory for gastrointestinal hormones at the University Medical Cen-

ter Göttingen. The total ghrelin levels were measured using serum

samples with a radioimmunoassay (Mediagnost “Ghrelin RIA R90”)

based on a polyclonal antiserum. The inter‐and intra‐assay co-

efficients of variation (CV) were 8.2% and 5.3%, respectively. Insulin

levels were measured using an immunoradiometric assay (Beckmann

Coulter “Insulin(e) IRMA kit IM3210”). The inter‐ and intra‐assay CVs
were 3.4% and 4.3%, respectively. Plasma glucose levels were sta-

bilized in Sarstedt's “GlucoEXACT” samples that contained a fluoride

citrate solution.

2.6 | Statistical analysis

The sample size was calculated based on a pilot study.24 A certain

drop‐out rate was considered. Therefore, 18 participants were

recruited at the beginning of the study, who appeared on all study

dates. However, a defective laboratory material damaged the serum

samples of six participants. Thus, complete blood results required

for the area under the curve (AUC) determination were available

for 14 volunteers, while the measurement at 10:40 AM, which was

not included in the evaluation of the pre‐post interval, could only be
determined in 12 of the 14 participants. The data were analyzed

using Excel (Office 365, Microsoft Corp.), SPSS version 25.0 (SPSS

Inc., IBM Corp.), and Prism version 9.0 (GraphPad Software Inc.).

In addition to the mean, the AUC for ghrelin and insulin was

determined according to the trapezoidal rule. Therefore, the differ-

ence between the concentrations at the beginning and end of the

interval multiplied by the time interval defines the AUC. The mean
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values and AUC were collected for the period before the presenta-

tion (AUC 1: 10:00–10:30) and after the presentation (AUC 2: 10:50–

11:20). The quotient of the AUC 2 and AUC 1 defined the change in

hormone concentration after visual stimulation as a dimensionless

value of the interindividual serum levels.

The data obtained were analyzed for normal distribution using

the Kolmogorov‐Smirnov and Shapiro‐Wilk tests. Pre/post

comparisons of the parametric data were performed using a paired t‐
test. For non‐parametric values, the Wilcoxon signed‐rank test was

used. To test for differences between groups, a repeated‐measures
analysis of variance (ANOVA) with Tukey's multiple comparison

test or Friedman test as post hoc tests were performed, as appro-

priate. Differences between groups were considered statistically

significant at an alpha level of p < 0.05.

F I G U R E 1 Procedure of study days. Participants received a traditional breakfast at 8:30 AM hormone measurements were performed

using repeated blood draws from 10:00 to 11:20 AM. Between 10:30 and 10:45 AM, one of the four picture collections was presented to the
participants. After three to eight days, the remaining photo presentations were conducted. The order of the presentations was randomized for
each participant
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3 | RESULTS

3.1 | Study cohort

The 14 male participants had a mean age of 23.40 � 2.65 years. The

mean height was 1.85 � 0.06 m, and the mean weight was

79.40 � 8.83 kg. This equated to a mean BMI of 23.20 � 1.42 kg/m2

(Table 1).

3.2 | Pre‐test

The attractiveness of the pictures was tested in advance. The letters

A‐D were used for the respective study conditions. The scale ranged

from one (very tasty) to seven (not tasty). The mean value was

3.39 � 1.10 for study condition B, 3.41 � 0.83 for study condition C,

and 3.74 � 0.94 for photo group D. The ANOVA showed no differ-

ences between the food sessions (F(2, 147) = 2.018, p = 0.137).

Therefore, an equivalence of the attractiveness of the pictures was

assumed.

4 | HORMONE MEASUREMENTS

4.1 | Ghrelin

Ghrelin concentrations increased in all sessions, and maximum

levels were measured at 11:20 AM. The lowest values of total serum

ghrelin were in group B‐D at 10:15 and in group A at 10:30 AM.

Figure 2A shows the mean values over the four sessions. Few

measurements in different participants and sessions showed lower

levels after the picture sessions (Figure S2). Except for the mea-

surements at 10:40 AM (n = 12), the results of all 14 participants

were included in the diagram. The largest ghrelin increase with a

pre/post ratio of 1.049 � 0.07 was observed in the non‐food con-

dition A, followed by the fat/protein photos with 1.042 � 0.07. The

presentation of carbohydrate pictures was accompanied by an in-

crease of 1.027 � 0.06 in LCCH and 1.021 � 0.07 in SCCH. The

AUC of the ghrelin concentrations was calculated analogously to

the pre‐and post‐presentation mean values. Similar to the mean

values, increasing AUC1/AUC2 quotients were observed in all

groups. The ghrelin‐AUC 2 in session B increased by 1.049 � 0.07

compared to AUC 1, slightly more than in group A (1.047 � 0.06). In

addition, the ratios of LCCH (1.029 � 0.07) and SCCH

(1.021 � 0.06) represented the lowest increase in the AUC. All

values and pre‐/post‐quotients were distributed parametrically. The

paired t‐test showed a significant increase in ghrelin levels in the

non‐food group (mean: p = 0.02; AUC: p = 0.15) as well as in the

fat/protein group (mean: p = 0.03; AUC p = 0.019). The carbohy-

drate groups showed no significant increase in ghrelin concentration

with respect to the mean value and AUC changes (Table 2). RM‐
ANOVA did not indicate any differences in the mean quotients (F

(3, 39) = 0.8581, p = 0.47) or AUC quotients (F(3, 39) = 0.8642,

p = 0.47) between the sessions. A t‐test comparison of the average

food quotients A‐C versus non‐food quotients did not detect any

statistically significant differences.

4.2 | Insulin

Insulin concentrations dropped in all groups over the measurement

time, as demonstrated in Figure 3A. The lowest values were thus

determined at 11:20. The quotients of the insulin mean values pre‐
and post‐presentation showed decreasing values in each group

(quotients <1), with maximum decreases in LCCH of 0.428 � 0.14

and minimum decreases in SCCH of 0.623 � 0.10 compared to

baseline (Figure 3B). The decreases in the AUC quotients for insulin

were comparable to those of the mean values. Group C had the

smallest reduction in the AUC (Quot. 0.61 � 0.38), group D showed

a decrease in the AUC 2 to 0.41 � 0.14 of the initial value. In

sessions A and B, an approximate halving of the AUC after photo

presentation was calculated (Quot. A 0.51 � 0.31; Quot. B

0.49 � 0.27).

The data were non‐parametric, and the Wilcoxon signed‐rank
test indicated a significant insulin decrease in the mean and AUC

post scores in all sessions (p = 0.001, Table 2). The Friedman test of

differences compared the insulin quotients between sessions.

Although the mean rank was highest in group C, the testing showed a

non‐significant Chi‐square value of 3.857 for AUC (Figure 3C,

p = 0.277) and 5.74 for the mean scores (p = 0.125) between A‐D.
The correlations between insulin and ghrelin were not statisti-

cally significant (Table 2).

4.3 | Glucose

Glucose levels were consistently in the normoglycemic range and fell

moderately after an initial rise (Figure 3D). The lipid‐protein images

had a pre/post blood sugar quotient of 0.896 � 0.03 (T = 3.4,

p = 0.005). Sessions A and D were 0.920 � 0.03 (T = 2.39, p = 0.033)

and 0.923 � 0.03 (T = 2.72, p = 0.17), respectively. The lowest de-

creases in glucose concentration were in SCCH with a quotient of

0.952 � 0.03 (T = 1.9, p = 0.079). The mean quotients had a non‐
parametric distribution. Friedman's test did not detect differences

between the scores of the mean quotients A‐D.

T A B L E 1 Cohort statistics

Mean Range SD N

Age (years) 23.43 (20–29) 2.65 14

Weight (kg) 79.43 (69–100) 8.83 14

Height (cm) 1.85 (1.75–2.00) 0.06 14

BMI (kg/m2) 23.20 (20.94–25) 1.42 14

Note: The age and bodyweight‐specific characteristics of the study
population. All participants were in the average weight range.
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F I G U R E 2 (A) The mean ghrelin concentrations with 95% CI between the pre (0:00–0:30) and post (0:50–1:20) presentation interval. The
ghrelin levels increased in all the sessions. Picture presentations were conducted between 0:30 and 0:45. Non‐food and lipid/protein hormone
changes after pictures were significant, while ghrelin response was minor after carbohydrate sessions. (B) Violine plots of the ghrelin
concentrations before and after the presentation of food pictures. Clustered values lead to an increasing curvature; the absence of values

results in plot thinning. In contrast to the arithmetic mean (Table 2), the median ghrelin concentration in the SCCH group was lower after the
presentation. (C) Inter‐group comparison via ANOVA with repeated measurements found no differences among the AUC quotients. A p value
of <0.05 was considered statistically significant (*). Abbreviations: ANOVA, analysis of variance; AUC, area under the curve; CI, confidence

interval; LCCH, long‐chain carbohydrates; ns, not significant; SCCH, short‐chain carbohydrates
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5 | DISCUSSION

Ghrelin concentrations increased in all sessions, which was plausible

considering the food‐free interval after the previous breakfast. The

differences pre‐ and post‐presentation were only statistically signif-

icant in the neutral session A and lipid/protein group B. Unexpect-

edly, there was no difference in ghrelin levels between non‐food and
macronutrients or within the three food groups observed.

For insulin, a significant decrease in hormone concentration was

noted after image presentation. These concentrations reflect a

physiological postprandial decrease. The comparison of the pre‐ and
post‐presentation quotients between the sessions showed no sig-

nificant differences. The non‐parametric distribution of the insulin

and glucose concentrations resulted from the small study cohort.

Although not significant, there was a physiological trend toward a

negative correlation between ghrelin and insulin.15 The blood glucose

levels were in the normoglycemic range and decreased throughout

the study. As expected in the late postprandial phase, 90 min after

the initiation of breakfast, the glucose concentrations showed a slight

decrease in the macronutrient and non‐food groups, and no signifi-

cant differences were found between the groups. However, the

values were within the physiological range, and insulin concentra-

tions decreased reactively.

Since non‐foods resulted in the most substantial increase in

ghrelin concentrations, the results, therefore, allow two primary

antithetical considerations: either there is no increase in ghrelin

after viewing meal‐based pictures, or the division into nutrient

groups biases the induction of ghrelin secretion after “balanced”

food cues.

Taste seems to be decisive in the choice of food. Associations

with expediency, health promotion, and pleasure through food are of

secondary importance.30 There have been some indications that

consuming these favorite, good‐tasting foods leads to greater satis-

faction and satiety.31 Test subjects showed lower ghrelin levels after

consuming a presumably high‐calorie milkshake than after consuming
a supposedly “healthier” shake with an identical calorie content.32 An

evaluation of the food photos after the presentations by the partic-

ipants would have made it possible to comprehend the subjective

palatability of the pictures and thus categorize personal favorites or

antipathies. In the context of hunger and anticipation of an upcoming

meal, fasting experiments showed how the serum concentrations of

ghrelin change pulsatile over the day and increase before the usual

T A B L E 2 Ghrelin and insulin concentrations and correlation before and after the picture presentations

Session Variables

Ghrelin Insulin

Correlation Ghrelin‐Insulin QuotMean SD Mean SD

A—Non‐foods Mean A1 820.93 pg/ml �138.92 32.31 mlU/L �18.45 r = −0.43, p = 0.125

Mean A2 860.29 pg/ml �153.70 15.72 mlU/L �11.17

t(13) = −2.74,
p = 0.02

Z = −3.23,
p = 0.001

Quot Mean A 1.049 �0.07 0.513 �0.27

B ‐ Lipid/
Protein

Mean B1 807.69 pg/ml �127.16 30.33 mlU/L �15.36 r = −0.12, p = 0.69

Mean B2 840.46 pg/ml �135.45 13.38 mlU/L �7.20

t(13) = −2.37,
p = 0.03

Z = −3.23,
p = 0.001

Quot Mean B 1.042 �0.07 0.48 �0.26

C ‐ SCCH Mean C1 807.98 pg/ml �105.73 29.85 mlU/L �19.39 r = −0.12, p = 0.678

Mean C2 824.39 pg/ml �121.63 16.03 mlU/L �9.54

t(13) = −1.15,
p = 0.27

Z = −2.86,
p = 0.001

Quot Mean C 1.021 �0.06 0.623 �0.37

D ‐ LCCH Mean D1 783.52 pg/ml �114.72 33.09 mlU/L �12.03 r = −0.44, p = 0.115

Mean D2 804.29 pg/ml �133.97 13.61 mlU/L �5.16

t(13) = −1.40,
p = 0.18

Z = −3.30,
p = 0.001

Quot Mean D 1.027 �0.07 0.428 �0.14

Note: Comparison of the ghrelin concentrations before (1) and after (2) the picture presentations. The Wilcoxon signed‐rank test was used for the non‐
parametric insulin values. Pearson's correlation coefficient was used to calculate the ghrelin/insulin quotients of each session. A p value of <0.05 was

considered statistically significant.

Abbreviations: LCCH, long‐chain carbohydrates; Quot, quotient; SCCH, short‐chain carbohydrates; SD, standard deviation.
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mealtimes. Hence, there is a conditioning of the brain hormone

axis.12,33 This study was conducted 2 h after breakfast and approxi-

mately 2 h before habitual lunch. The influence of the usual mealtime

on the measurements could be considered a confounder, even though

the time was comparable to that of the pilot study.

Regarding the influence of food intake on ghrelin serum levels,

there are different patterns after ingesting different macronutrients:

protein is a potent long‐term suppressor of ghrelin over 6 h, while

lipid intake leads to a slight decrease. The temporal dimension is

particularly relevant for carbohydrates as it causes a biphasic course

of the ghrelin level: a more pronounced drop in hormone levels is

followed by an early and more substantial increase than after uptake

of proteins or lipids.25,34 Ghrelin suppression after CH is thought to

be caused by hyperglycemic insulin secretion.7 Some authors have

found no relevant changes in ghrelin levels after lipid ingestion.35,36

Among the food pictures, group B showed the most substantial in-

crease in ghrelin levels. Arguably, proteins and lipids were visualized

together, which may obscure opposing or attenuated ghrelin

stimulation. Therefore, it is impossible to predict the influence of

pictures of one of the two macronutrients on ghrelin secretion.

Overcoming this issue is challenging because regional food and

common grocery items often contain both of these nutrients. In

addition, the attractiveness of the food would probably be different.

For example, a low‐fat piece of meat may appear more appetizing

than a predominantly high‐fat or oily food.
The CH (sessions C and D) presentation had the most negligible

influence on the ghrelin level, which speaks against a transfer of the

findings of postprandial hormone changes to the visually induced

ghrelin concentrations. Furthermore, the lower ghrelin levels in all

food groups compared to the non‐food images are conflicting. A more

recent study observed an increase in total ghrelin, but not acyl‐
ghrelin, 30 min after presenting different food images. These pic-

tures were of mixed foods with different calorie contents and

macronutrient composites.37

Irrespective of its macronutrient composition, an ingested meal

loses its attractiveness in taste or appearance in favor of another

F I G U R E 3 Insulin (A) and glucose (D) concentrations decreased after the picture presentations. The insulin values were significantly
different in the intra‐group comparison using the Wilcoxon signed‐rank test (B). Friedman's test demonstrated no differences between the
insulin AUC quotients of the four sessions (C). Abbreviations: AUC: area under the curve; LCCH: long‐chain carbohydrates; ns: not significant;
SCCH: short‐chain carbohydrates
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food.38–40 This sensory‐specific satiety (SSS) is probably an evolu-

tionary protective mechanism that prevents unbalanced nutrition.

On the other hand, this phenomenon leads to increased food intake

due to more significant variations in food and taste, whereas the

presentation of homogeneous foods and flavors results in reduced

consumption.41 This is in line with the findings of hedonic regulation,

which are modulated by sensory influences. It is unknown whether

SSS exerts an influence on the ghrelin system. Although we aimed to

compare different macronutrients, the images may have been

perceived in one‐sided taste categories. Images of homogeneous

food groups repeated three times for 15 min could have led to a

saturated perception. Ghrelin concentrations did not change

noticeably. The low ghrelin increase in CH groups C and D was

conspicuous, which could be considered similar in taste in this

context. Session C, with the simple CH, could all be considered sweet

foods. The protein/lipid images generally were of savory foods, but

these were characterized by compositions of meat/sausage, fish,

eggs, nuts, legumes, milk, and potato products, which could lead to a

feeling of greater diversity.

There are limitations to this study. First, the sample size was

small, and the study only included males. Second, the degree of

saturation was also not systematically examined after breakfast, but

it should be noted that the meal quantity and type of food provided

were typical for the local culture. Furthermore, meals consumed at

night or directly before the study could not be verified.

This study also has a number of strengths. First, repeated mea-

surements were performed on a strict schedule. Second, hormone

concentrations were compared among randomized non‐food and

different food picture sessions.

Our findings question the absolute picture‐induced ghrelin

response and contribute to a better understanding of the hormone

response to isolated or balanced macronutrients. Thus, protein‐based
images might be more stimulating than CH for ghrelin secretion. The

influence of SSS on ghrelin response should be examined in future

studies.

6 | CONCLUSION

The induction of ghrelin secretion after the presentation of food

pictures could not be verified in the current study. However, the

induction of ghrelin secretion may have been changed due to the

division into macronutrients. The extent to which SSS influences

serum ghrelin concentration remains to be determined. Thus, further

research is required to examine this phenomenon.
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