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ABSTRACT

Background: Appetite and dietary intake have been associated with obesity and successfulness of weight loss in obese individuals.
Glucagon-like peptide 1 is a gut-derived neuropeptide that is produced as a response to dietary intake and associated with appetite.
It has been investigated that prebiotic is able to induce GLP-1 production in animal model and humans. Objectives: The aim
of this study was to investigate the effect of lesser yam based cookies on fasting GLP-1 plasma, appetite, and dietary intake.
Methods: An experimental study was conducted on 15 overweight/obese individuals using cookies made with lesser yam flour
for 6 weeks. Fasting GLP-1 level, dietary intake and appetite were measured before and after the intervention. Dietary intake
was recorded using a semi-quantitative food frequency questionnaire and appetite was measured using a visual analog scale.
Results: After the intervention, the dietary intake includes total energy (p=0,013), protein (p=0,004) and carbohydrate (p=0,02)
were significantly reduced. Based on paired t-test that was done in each time point, after the intervention subjects had lower
hunger feeling and higher satiety especially at 4 (p=0,039) and 3 (p=0,039) hours after breakfast, respectively. Fasting GLP-1
plasma level was not changed after the intervention (p>0,05). There is no correlation between GLP-1 and dietary intake as well
as appetite. Conclusions: We concluded that lesser yam based cookies were able to reduce dietary intake and hunger as well as
increase fullness. The fasting GLP-1 concentration did not change after the intervention this was not associated with changes in
satiety, fullness, desire to eat or energy intake.
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INTRODUCTION gut-derived peptides that have an important role in

Obesity is a result of chronic positive energy
balance and this is associated with the increased risk of
cardiovascular diseases and type 2 diabetes (1). Dietary
change such as calorie restriction is a commonly used
method for weight loss but this often failed to prevent
weight regain after weight loss (2—4). Changes in energy
expenditure and appetite after weight loss have been
suggested as the important factors in mediating weight
regain (5-8).

It has been suggested that gut-derived hormones
play an important role in regulating appetite and energy
intake. Glucagon-like peptide 1 (GLP-1) is one of the

regulating food intake and appetite (9). This theory
has been supported by studies using the infusion of the
pharmacological dose of GLP-1. It was reported that
GLP-1 administration was not only able to reduce dietary
intake and hunger but also able to increase satiety and
fullness (10-12).

GLP-1 production is regulated by diet.
Oligofructose saccharide supplementation was associated
with a reduction of dietary intake as well as increasing
GLP-1 serum concentration in an animal model (13). This
effect then further showed in humans (14). It was shown
that prebiotic has been associated with improvement of
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appetite via GLP-1, however, the majority of those the
intervention studies used supplementation. Therefore,
this study was aimed to evaluate the effect of cookies
made with lesser yam (Dioscorea esculenta), a natural
source of inulin, on appetite, energy intake, and GLP-
1 concentration among adults with obesity. This is an
additional analysis of a study that has been published
before (15).

METHODS

This is an experimental study with pre-post test
design. A total of 15 overweight/obese adults participated
in this study. Subjects were selected using purposive
sampling. Announcement for study recruitment was
done using fliers and social media. The subjects who
were diagnosed with chronic diseases, pregnant,
breastfeeding, smoking and receiving any kind of weight
loss intervention were not included in this study. This
study has been approved by the Medical and Health
Research Ethics Committee, Faculty of Medicine,
Universitas Gadjah Mada, Indonesia. This study followed
the ethical guidelines of the 1975 Declaration of Helsinki.

The lesser yam was given as cookies for snacks.
Subjects were asked to finish their daily intake 87 grams
of cookies a day, which contains 37 grams lesser yam
flour (equal with 5.4 grams inulin). An optimization of
the cookies was done before the study was started by
mixing the lesser yam flour with wheat flour (80% of
lesser yam and 20% of the wheat flour). The purpose
of this combination was to improve the acceptability
of the cookies. The total calorie contribution of lesser
yam cookies on total energy intake is around 300 kcal
depending on variations of cookies. Subjects were
free to consume the cookies throughout the day. This
intervention was done in 6 consecutive weeks.

The measurements were done two times, before
and after the intervention. Before measurement day,
subjects were asked to do 8 hours overnight fasting
(started at 10.00 pm). The anthropometric measurements
and blood sampling were done in the morning. Body
weight was measured using a digital scale (0.01 kg
precision, Omron Karada Scan HBF-375, Japan) and
height was measured using microtoise (0.1 cm precision,
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GEA medical, Indonesia). Body mass index (BMI) was
calculated by dividing body weight (kg) with squared
height (m?). A total of 5 ml of blood was collected
using ethylene diamine tetra acetic acid (EDTA) tube.
Following collection, the blood was centrifuged, the
plasma was taken and stored at -80°C freezer. Fasting
GLP-1 was measured using enzyme immunoassay (Sigma
Aldrich).

Data on dietary intake and appetite was measured
by an interview with trained enumerators. Dietary intake
was measured using a semi-quantitative food frequency
questionnaire before and after the intervention. The
intake of foods and beverages including the lesser
yam cookies were recorded. The dietary components
were analyzed using Nutrisurvey software (EBISpro,
Germany, http://www.nutrisurvey.de) with a database
for Indonesian foods. Appetite rating was measured using
a visual analog scale with these 4 questions: 1)“How
hungry do you feel?”; 2)“How satisfied do you feel?”;
3)“How full do you feel?”’; 4)“How much do you feel you
can eat?”. Subjects were asked to fill the line between 0
and 100 (10 cm length) to express quantify the degree of
appetite. This measurement was done 7 times includes
fasting (0 hours) and every 1 hour after breakfast 6 times.
The initial appetite rating question at 0 hours was done
before the blood sampling. Following the blood sampling,
subjects were given breakfast with the same portion and
dietary components. Subjects were not allowed to eat and
drink (in exception to water) during this measurement.
Appetite was analyzed in 2 ways: 1) time point changes in
each appetite ratings, and 2) calculation of the area under
the curve (AUC) for each component of appetite rating.

All datasets were subject to Saphiro-Wilk normality
test, the normally distributed data and not normally
distributed data were analyzed accordingly to the type of
dataset. A paired t-test was used to examine the changes
in body weight, BMI, energy intake, appetite ratings, and
GLP-1 concentration. A Pearson correlation test was used
to examine the correlation between GLP-1 concentration
post-intervention and changes in appetite ratings (hunger,
satiety, fullness, desire to eat). The significance was based
on a p-value of less than 0,05. A linear regression test
was used to analyze the correlation between changes in
appetite rating and changes in total energy intake with
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correction for potential confounding factors such as age,
sex, and initial BMI. Statistical analysis was done using
JASP (The University of Amsterdam). Ethical clearance
was obtained from the Medical and Health Research
Ethics Committee (MHREC) Faculty of Medicine,
Universitas Gadjah Mada, Indonesia. All subjects read
and signed informed consent prior to data collection.

RESULTS

Initially, a total of 37 subjects participated in this
study but only 15 agreed to participate in the appetite
analysis. From a total of 87 grams of cookies a day,
the subjects only consume an average of 36,2 grams of
cookies a day. The reason why subjects did not finish

the cookies because of the bitter after taste and few of
them experience gastrointestinal discomfort. There were
no significant changes in body weight and BMI after the
intervention. The total energy intake was significantly
reduced but there were no differences in the macronutrient
composition of the diet (Table 1).

In this study, the area under the curve (AUC)
of each appetite ratings (hunger, satiety, fullness, and
desire to eat) was not significantly changed after the
intervention. In order to evaluate the changes in appetite
rating, an individual analysis was done using a paired
t-test. In this analysis, all parameters were compared at
every one hour starting at 0 hours (fasting) until 6 hours
after having breakfast. As shown in Figure 1, there
were slight changes in the feeling of hunger and satiety.

Table 1. Changes in appetite ratings and dietary intake after intervention with lesser yam based

cookies
Pre Post p*

Body weight (kg) 81.4+3.9 81.3+39 0.816
Body mass index (kg/m?) 30.8+1.3 30.8+1.2 0.678
Glucagon like peptide 1 (ug/dL) 61.8+2.4 59.0+1.4 0.249
Dietary intake

Energy (kcal) 22242 +187.8 1812.2 +122.7 0.013

% protein 143+0.9 13.2+0.8 0.189

% fat 292+1.9 323+14 0.164

% carbohydrate 52.5+1.5 52.1+2.1 0.845
Appetite rating

Satiety (AUC score) 365.7+34.0 373.5+33.0 0.752

Fullness (AUC score) 335.3+20.5 3743 +£26.7 0.163

Desire to eat (AUC score) 325.7+£329 314.1+£37.7 0.717

Hunger (AUC score) 264.5 £33.7 239.3+£35.1 0.444

*Paired t-test of comparison of measurements before and after the intervention. AUC: area under the curve

Table 2. The correlation between changes in energy intake, plasma GLP-1 and changes in appetite

rating
Pearson’s r p p* p*

Changes in energy intake

Changes in hunger 0.178 0.526 0.175 0.612

Changes in satiety -0.697 0.004 -0.775 0.007

Changes in fullness -0.498 0.059 -0.682 0.065

Changes in desire to eat 0.558 0.031 0.589 0.056
Plasma GLP-1 post intervention

Changes in hunger -0.132 0.640 -0.600 0.162

Changes in satiety -0.136 0.630 -0.335 0.452

Changes in fullness 0.233 0.403 0.240 0.532

Changes in desire to eat 0.131 0.643 0.055 0.906

*Linear regression test with correction for age, sex, and body mass index. GLP-1: glucagon like peptide-1.
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Figure 1. Appetite rating pre- and post- intervention with lesser yam based cookies

Based on paired t-test that was done in each time point,
the after the intervention subjects had lower hunger and
higher fullness at 4 (p=0,039) and 3 (p=0,039) hours after
breakfast, respectively.

In order to check whether the changes in appetite
rating was associated with changes in total energy
intake, a correlation analysis was done. In this analysis,
we showed that changes in satiety (p=0.004) and desire
to eat (p=0.031) were significantly correlated with
changes in total energy intake (Table 2). Additionally,
after correction for age, sex, and BMI, we found that
only changes in satiety were negatively correlated
with changes in energy intake (p=0.007). There was no
significant difference in GLP-1 after the intervention. In
addition, we also found that fasting GLP-1 concentration
at the end of the intervention was not correlated with any
changes in any appetite ratings (Table 2).
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DISCUSSION

Lesser yam contains 14,6% of inulin (dry basis)
therefore this food item was chosen as the dietary source
ofinulin in this study (16). This food item has been known
by indigenous people who live in several areas in Java
Island (Indonesia) as one of their staple food. However,
because the modernization is widespread throughout
the country, people are more likely to consume rice or
flour-based foods rather than traditional lesser yam meal.
In this study, the lesser yam was prepared as cookies
instead of the traditional dishes because it is more easy,
efficient and convenient for a longer period of study. The
intervention with inulin rich-lesser yam based cookies
was able to reduce hunger and increase satiety. We found
that total energy intake was significantly reduced after the
intervention. This finding was supported by Cani et al.
(14) who showed that two weeks of 16 grams a day inulin
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supplementation was associated with the reduction of
hunger. They also see the slight reduction in dietary intake
at the subject group receiving inulin supplementation
compared to control (16).

Liber and Szajewska conducted a systematic
review of trials studying the role of inulin-type fructan on
appetite and dietary intake (17). The effect of inulin on
appetite was not conclusive. From 4 randomized control
trials (RCTs) that were compiled by Liber and Szajewska,
they only found 1 RCT that showed the significant
changes in appetite after inulin supplementation
(14,18-20). The study done in overweight/obese adults
was failed to prove the long-term effect of inulin
supplementation on the regulation of appetite (18). In the
review, Liber and Szajewska also showed that the inulin
supplementation did not significantly alter energy intake
from the majority of RCTs (14,18,19-23). Only Cani et
al. (14) showed the effect of inulin supplementation on
reducing energy intake in subjects. The role of inulin and
other prebiotics on appetite control and dietary intake
have been investigated before. It seems that GLP-1,
the gut-derived neuropeptides, was responsible for the
communication between gut and brain by regulating
appetite. Cani et al. (14) reported that the administration
of 100 grams of inulin-type fructan to male Wistar rats
for 3 weeks was associated with a reduction of energy
intake. The mRNA expression of GLP-1 in the proximal
colonic mucosa of the rat was also higher in the treatment
group showing that the fructan was responsible for GLP-1
production by intestinal cells. GLP-1 regulates appetite
and feeding behavior via its interaction with the central
nervous system (9).

In the current study, we reported that consumption
of the lesser yam based cookies for 6 weeks do not affect
fasting plasma GLP-1 concentration. It might since we
only used fasting GLP-1 and this might not be able to
illustrate the GLP-1 response throughout the diet. We also
suspect that the lack of changes in fasting GLP-1 was due
to inadequate lesser yam intake during the intervention.

The unique point of this study is inulin was
delivered as the real food instead of a supplement.
However, the usage of food as the source of inulin was
also the drawback because it is difficult to obtain good
compliance throughout 6 weeks of intervention. As a

result, we found that subjects only consumed less than the
intended dose. This will, of course, affect the biological
effect of the intervention. Therefore, more optimation
for the recipe of lesser yam cookies is needed to improve
acceptance for product. In addition, we also did not
include a placebo in this study, which might affect the
interpretation of the data in this study.

CONCLUSIONS

In summary, we found that lesser yam based
cookies were associated with the reduction of hunger and
increment in fullness amongst individuals with obesity.
The changes in appetite fasting lead to changes in total
energy intake. The fasting GLP-1 concentration did not
change after the intervention this was not associated with
appetite ratings or energy intake.
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