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Addition of sucralose enhances the release of satiety

hormones in combination with pea protein
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Scope: Exposing the intestine to proteins or tastants, particularly sweet, affects satiety hormone
release. There are indications that each sweetener has different effects on this release, and that
combining sweeteners with other nutrients might exert synergistic effects on hormone release.
Methods and results: STC-1 cells were incubated with acesulfame-K, aspartame, saccharine,
sucralose, sucrose, pea, and pea with each sweetener. After a 2-h incubation period, chole-
cystokinin (CCK) and glucagon-like peptide 1 (GLP-1) concentrations were measured. Using
Ussing chamber technology, the mucosal side of human duodenal biopsies was exposed to
sucrose, sucralose, pea, and pea with each sweetener. CCK and GLP-1 levels were measured in
basolateral secretions. In STC-1 cells, exposure to aspartame, sucralose, sucrose, pea, and pea
with sucralose increased CCK levels, whereas GLP-1 levels increased after addition of all test
products. Addition of sucrose and sucralose to human duodenal biopsies did not affect CCK
and GLP-1 release; addition of pea stimulated CCK and GLP-1 secretion.
Conclusion: Combining pea with sucrose and sucralose induced even higher levels of CCK and
GLP-1. Synchronous addition of pea and sucralose to enteroendocrine cells induced higher
levels of CCK and GLP-1 than addition of each compound alone. This study shows that combi-
nations of dietary compounds synergize to enhance satiety hormone release.
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1 Introduction

Nutrient-induced gut-to-brain signaling plays a major role
in the control of the digestive function, appetite, and energy
intake [1]. These effects are mediated by a number of inter-
related factors, including the release of signaling peptides
from enteroendocrine cells, such as cholecystokinin (CCK)
and glucagon-like peptide 1 (GLP-1). Most of these hormones
are secreted upon food intake, and contribute to the termina-
tion of the meal. Since overweight and obesity have become
a major health problem [2], several types of diets have fo-
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cused on favorable macronutrient compositions in order to
stimulate the release of these satiety hormones [3–8].

Of all diets tested, high-protein diets seem to have the
largest effects on food intake [9, 10]. The effects of several
protein hydrolysates on the release of CCK from the en-
teroendocrine STC-1 cell line were determined previously
[11]. It was shown that all hydrolysates were able to induce
elevated levels of CCK, but there were no differences between
the hydrolysates. In a study performed in our laboratory, it
was demonstrated that intact proteins were the most potent
in stimulating CCK and GLP-1 release versus hydrolysates
and specific peptides, with intact pea protein being one of
the most potent ones [12]. Pea hydrolysate was considered as
most effective in suppressing hunger and stimulating sati-
ety when compared to whole-milk protein [13], however, in a
human study we demonstrated that intraduodenal infusion
of an intact pea protein more effectively reduced food intake
in both lean and obese subjects compared to the hydrolysate
(submitted for publication) [14].

Over the past few years, not only food intake, but also
consumption of soft drinks has increased [15]. This high
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consumption of sugar-sweetened beverages has been linked
with increased energy intake and obesity [16]. It was
demonstrated that overweight subjects who consumed large
amounts of caloric-sweetened beverages increased energy in-
take, body weight (BW), fat mass, and blood pressure after
a 10-week intervention, whereas this was not observed in a
similar group receiving artificial sweeteners [17]. However,
literature is conflicting about the effects of artificial sweeten-
ers. It has been suggested that intake of low-caloric sweetened
beverages is linked to obesity, related to the potential medi-
ating role of energy intake, e.g. that intake of noncaloric-
sweetened beverages brings less satiation, causing a higher
amount of calories consumed at a given meal and thereby a
higher daily energy intake [18,19]. It has also been suggested
that the intake of noncaloric-sweetened beverages fail to trig-
ger physiological satiety mechanisms, providing imprecise
and incomplete energy compensation [20].

More recently, it has been demonstrated that the upper
gut may be able to sense sweetness, resulting in the re-
lease of satiety hormones. In a human L cell line, glucose
and sucralose were able to induce the release of GLP-1 [21].
However, in a previous study performed in our laboratory,
we demonstrated that noncaloric or low-caloric sweeteners
show increased levels of CCK and GLP-1, when compared to
sucrose. Remarkably, Tagatesse, (a sweetener that contains
inulin, tagatose, isomalt, sucralose, and oligo-saccharides)
showed the strongest effect on the release of both CCK and
GLP-1 [22]. These data lead us to believe that combining
noncaloric sweeteners with specific macronutrients may in-
duce stronger effects on hormone release than the sweeteners
or macronutrients alone. Of all macronutrients, proteins are
the most potent in stimulating satiety and inhibit food intake
the strongest, with pea protein being one of the most potent
proteins. Therefore, the hypothesis of the present study is
that combining pea protein with specific sweeteners induces
elevated effects on CCK and GLP-1 release, when compared
to only sweeteners or the pea protein.

2 Materials and methods

The present study consisted of two parts. In the first part, all
sweeteners and the combination of sweetener with pea pro-
tein were tested on their effects on satiety hormone release
in vitro. The most potent results, with highest levels of hor-
mone secretions, were then tested in an ex vivo study, using
biopsy specimens from healthy male volunteers.

2.1 In vitro assay

2.1.1 Test products

All sweeteners were dissolved accordingly to match the sweet-
ness of the sugar dosages, according to its known sweetness
equivalent relative to sucrose [23]. Five different tastants were

used, namely sucrose (6 g, Sigma-Aldrich, St. Louis, MO), as-
partame (0.03 g), acesulfame K (0.04 g), saccharine (0.012
g) (all from Supelco, Bellefonte, PA), and sucralose (0.01 g,
Tate&Lyle, London, UK) [22]. All sweeteners were dissolved
in 300 mL of Hank’s balanced salt solution (HBSS), since
most sweeteners are consumed in approximately 200 mL as
volume for one coffee or tea consumption. The fluid is then
diluted by 100 mL of basal gastric juice volume before it
enters the intestine. Pea protein (0.1 mg/mL, Dutch Protein
Services, Tiel, The Netherlands) was added to the sweeteners.

2.1.2 Cell culture conditions

The STC-1 cell line is derived from an intestinal endocrine
tumor that developed in a double-transgenic mouse express-
ing the rat insulin promotor linked to the simian virus 40
large T antigen and the polyoma small T antigen [24]. STC-1
cells (kindly provided by Dr. D. Hanahan, University of Cal-
ifornia, San Francisco) were maintained in Dulbecco’s mod-
ified eagles medium (DMEM) with 10% fetal bovine serum
(FBS), 2 mM L-glutamine, 100 units/mL penicillin, and 100
�g/mL streptomycin as additional supplements, at 37�C in
5% CO2/air humidity. All products were obtained from Invit-
rogen, Carlsbad, CA, unless stated otherwise.

2.1.3 Secretion of CCK and GLP-1 from STC-1 cells

To determine the secretion of CCK and GLP-1 from STC-
1 cells, suspensions of these cells were plated at 1.0 × 105

cells/well in 24-well plates (Costar, Sigma Aldrich, St. Louis,
MO) and assays were performed on cultures that reached at
least 80% confluency. Before treatment with the test prod-
ucts, culture medium was removed and dishes were rinsed
with HBSS. Cells were then incubated with HBSS (negative
control), the sweeteners, and the combination of sweeteners
with pea protein, and were incubated at 37�C for 2 h. The
supernatant was collected for the measurement of CCK and
GLP-1. All analyses were performed in triplicate, using three
biological replicate samples. The best results were then tested
in the Ussing chambers.

2.2 Human ex vivo assay

2.2.1 Subjects

In this study, ten (five lean and five obese) healthy male sub-
jects were recruited. Selection took place according to health
criteria (no diabetes, no gastrointestinal diseases, and no
medical treatment) and BW criteria (for lean subjects: body
mass index (BMI) = 18–25 kg/m2, and for obese subjects:
BMI > 30 kg/m2). Baseline characteristics of the subjects
are presented in Table 1. The nature and risks of the ex-
perimental procedure were explained to the subjects, and all
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Table 1. Subject characteristics

Lean (n = 5) Obese (n = 5)

Age (years) 27 ± 5 37 ± 10
BMI (kg/m2) 24.2 ± 1 32.8 ± 2*
HbA1c (%) 4.6 ± 0.2 4.4 ± 0.2
Basal glucose (mmol/L) 4.9 ± 0.2 4.8 ± 0.2

All data are mean ± SEM.
*Difference between lean and obese subjects (p < 0.05).

subjects gave their written informed consent. This study was
conducted according to the guidelines laid down in the Dec-
laration of Helsinki, and the Medical Ethical Committee of
the University Hospital Maastricht approved all procedures
involving human subjects (registration no. MEC 06–3-060).

2.2.2 Duodenal tissue sampling for ex vivo

experiments

All subjects received a standardized meal (9 g protein, 39.5 g
carbohydrates, 16 g fat) for the evening prior to the test day
to standardize macronutrient intake. After an overnight fast,
eight mucosal tissue samples from the horizontal part of the
duodenum were obtained by flexible gastroduodenoscopy us-
ing standard biopsy forceps. During this procedure, no seda-
tives were given to the subjects. The diameter of the biopsies
varied from 2.0 to 2.2 mm. After sampling, the biopsies were
placed in ice-cold Krebs-Ringer bicarbonate buffer (KRB) and
arrived at the laboratory within 15 min.

2.2.3 Ussing chamber experiments

Duodenal biopsies were mounted in modified Ussing cham-
bers (Harvard Apparatus Inc., Holliston, MA) with a Ø 9-
mm opening and reduced to an exposed tissue area of 1.76
mm2, using a technique previously described by Wallon
et al. [25,26]. Mucosal compartments were filled with 1.5 mL
10 mM mannitol in KRB and the serosal compartments were
filled with 10 mM glucose in KRB. The chambers were kept at
37�C and continuously oxygenated with 95% O2/5% CO2 and
circulated by gas flow. Before the experiments were started,
tissues equilibrated for 40 min in the chambers to achieve
steady-state conditions in transepithelial potential difference
(PD), with replacement of mannitol and glucose KRB at
20 min. A four-electrode system was used, as described pre-
viously [27]. One pair of Ag/Cl electrodes with 3 M NaCl/2%
agar bridges was used for measurement of transepithelial PD
and another pair of Ag/Cl electrodes was used to monitor cur-
rent. The electrodes were coupled to an external six-channel
electronic unit with a voltage-controlled current source. Data
sampling was computer controlled via an A/D D/A board
(Lab NB, National Instruments) by a program developed in
LabVIEW (National Instruments, Austin, TX) by Wikman-
Larhed et al. [28]. Every other minute, direct pulses of –3, 3,
and 0 �A, with a duration of 2 s each, were sent across the

tissue segments and the voltage response was measured. In
each measurement, the mean voltage response of 2 s was
calculated. A linear-squares fit was performed on the current
(I) – voltage (U) pair relationship: U = PD + TER × I. The
transepithelial resistance (TER) was obtained from the slope
of the I-U line and the PD from the intersection of the voltage.

After the equilibration period, the mucosal side of the
biopsies was exposed to sucrose, sucralose, pea, pea with su-
crose, and pea with sucralose. Serosal samples (1.25 mL) were
collected the end of the experiment (after 2 h) for CCK- and
GLP-1 analysis. Biopsies with PD less negative than –0.5 mV
were excluded from all tested (n = 3) because of malfunction
in the ability to uphold normal electrophysiology.

2.2.4 Hormone assays

CCK levels were determined using the RIA from Euria-
CCK, Euro-Diagnostica AB, Malmö, Sweden. According to
the manufacturers instructions, the detection limit of this
kit was 0.3 pmol/L. The intra-assay variation ranges from
2.0 to 5.5% and the interassay variation from 4.1 to 13.7%.
Cross-reaction with gastrin is ≤ 0.5%. Total GLP-1 levels
were determined using the RIA from Linco Research, MO.
The detection limit of this kit was 3 to 333 pM. The intra-assay
variation ranges from 10 to 23% and the interassay variation
from 22 to 38%. There is no cross-reaction with GLP-2 and
glucagon (0.01 and 0.2%, respectively). GLP-1 samples were
spiked with 100 pM of GLP-1 to be within range of the detec-
tion limit. Both RIAs can be used for the analysis of both rat
and human samples.

2.2.5 Statistical analyses

The descriptive and statistical analyses were performed with
SPSS, version 11.0. With regard to the cell culture results,
the means of the secreted hormones were compared using
the one-sample t-test. With regard to the Ussing chambers,
the electrophysiological parameters were compared using the
Wilcoxon signed rank test. Means of the secreted hormones
between groups were compared using an unpaired Student’s
t-test. Means of the secreted hormones within a group were
compared using a paired Student’s t-test. All Student’s t-tests
were corrected for multiple testing using the Bonferroni cor-
rection. The means of the variables are presented with their
standard error (mean ± SEM). A p-value of less than 0.05 was
considered statistically significant.

3 Results

3.1 Hormone release from STC-1 cells

The release of CCK and GLP-1 from the enteroendocrine
STC-1 cells is presented in Figure 1. As can be seen in
Figure 1A, CCK release was significantly increased after
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Figure 1. Hormone release from STC-1 cells after 2-h exposure
to several sweeteners, pea protein, and combinations of pea pro-
tein with the sweeteners. STC-1 cells were exposed to different
sweeteners, pea protein, and a combination of pea protein with
sweeteners for 2 h. After the incubation period, cholecystokinin
(CCK) (A) and glucagon-like peptide 1 (GLP-1) (B) levels were
measured in the supernatant. Results are expressed as mean ±
SEM. *Significantly different from negative control, p < 0.05).

addition of aspartame, sucralose, sucrose, pea, and pea with
sucralose, when compared to the negative control. High-
est levels of CCK release were found after addition of the
combination of pea with sucralose (82.5 pM ± 0.7). As can
be seen in Figure 1B, addition of all test products signifi-
cantly increased the release of GLP-1 from the STC-1 cells
when compared to the negative control (only HBSS buffer).
Addition of acesulfame K, pea with acesulfame K, pea with
sucrose, or pea with sucralose (2442 pM ± 60, 3040 pM ± 22,
4337 pM ± 93, and 4691 pM ± 38, respectively) induced the
highest levels of GLP-1.

3.2 Hormone release from Ussing chamber

experiments

In duodenal tissue of lean subjects, we observed basal CCK
secretion levels of 6.4 pM ± 2 in lean subjects, whereas basal
CCK levels in obese subjects were 9.7 pM ± 4 (Fig. 2A). After
addition of pea, pea with sucrose, or pea with sucralose, the
levels of CCK were significantly increased compared to the

Figure 2. Hormone release from human duodenal biopsies in
Ussing chambers after 2-h exposure to sucrose, sucralose, pea
protein, and combinations of pea protein with the sucralose or
sucrose. Duodenal biopsies of lean and obese subjects were ex-
posed to either, sucrose, sucralose, pea protein, or a combination
of pea protein with sucrose or sucralose. The levels of CCK (A)
and GLP-1 (B) were measured in the supernatant of basolateral
side of the biopsies in the Ussing chambers after being exposed
to proteins for 2 h to the apical side. Results are expressed as
mean ± SEM. *Significantly different from negative control, p <

0.05) $Significantly different from lean subjects.

negative control, for both lean (27.1 pM ± 1, 22.6 pM ± 3,
and 56.7 pM ± 1, respectively) and obese subjects (37.3 pM
± 2, 38.2 pM ± 3, and 74.7 pM ± 2, respectively). Also, ad-
dition of these compounds to the duodenal biopsies resulted
in significantly increased CCK levels in obese subjects when
compared to lean subjects. Addition of sucrose and sucralose
alone did not affect CCK release when compared to the neg-
ative control.

GLP-1 secretion from duodenal biopsies is presented in
Figure 2B. Basal GLP-1 secretions levels of 3.7 pM ± 0.4
from lean subjects and 4.1 pM ± 0.5 from obese subjects
were observed. Addition of intact pea protein to the luminal
side significantly increased GLP-1 levels (8.4 pM ± 0.2 in
lean subjects, and 9.3 pM ± 0.2 in obese subjects) when
compared to negative control and to addition of sucrose. Also,
addition of intact pea protein induced significantly higher
levels of GLP-1 when compared to lean subjects. Addition of
the combination of pea with sucrose or pea with sucralose
also induces significant elevated levels of GLP-1 (14.4 pM ±
0.1 and 23.8 pM ± 1, respectively, for lean subjects, 16.6 pM
± 0.7 and 24.7 pM ± 1, respectively, for obese subjects), when
compared to the negative control and addition of only sucrose.
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3.3 Electrical measurements

The electrical parameters PD, short circuit current
(Isc), and TER were followed over time. Basal elec-
trical properties of all biopsies were measured. After
an equilibration period of 40 min, the mean PD of
–1.4 mV ± 0.2 was observed. Overall, no changes in PD were
observed in the following 120 min. A decrease in TER and an
increase in Isc were observed. The TER was significantly less
decreased after addition of pea with sucrose (–29.2 �.cm2 ±
1), when compared to the negative control (–51.4 �.cm2 ± 3)
in obese subjects. All other products did not affect TER when
compared to the negative control for both lean and obese
subjects.

Addition of sucrose, sucralose, and pea with sucrose re-
sulted in an increased Isc (243 �A/cm2 ± 32, 247 �A/cm2

± 25, and 235 �A/cm2 ± 26, respectively) when compared
to the negative control (50 �A/cm2 ± 19) in lean subjects.
Also, addition of sucralose or pea with sucrose to biopsies
from lean subjects resulted in increased Isc when compared
to obese subjects. Addition of sucrose or pea with sucralose
to the luminal side of biopsies from obese subjects resulted
in an increased Isc (196 �A/cm2 ± 34 and 387 �A/cm2

± 32, respectively) when compared to the negative control
(32 �A/cm2 ± 11). Even though the Isc values were signifi-
cantly elevated compared to the negative control, there were
no significant differences between the test compounds.

4 Discussion

In the present study, the effects of five sweeteners in the
presence or absence of pea protein on satiety hormone release
were investigated. We demonstrated that the combination of
pea protein with sucrose and the artificial sweetener sucralose
induce stronger effects on GLP-1 release compared to the
compounds separately, both in vitro and ex vivo. It was also
shown that addition of sucrose or sucralose to STC-1 cells
stimulated the release of CCK and GLP-1, whereas addition
of the sweeteners to human duodenal biopsies did not result
in hormone release.

Carbohydrate is an adequate stimulus for secretion of
GLP-1. Failure of non-nutritive sweeteners to elicit the re-
lease of such peptides could theoretically result in lower sati-
ety and augment energy intake. Literature is contradictory
about whether artificial sweeteners are able to induce hor-
mone release from gastrointestinal cells. Studies describing
positive effects on hormone release all use cell lines. GLP-1
release from human NCI-H716 cells was promoted by sugars
and by the sweetener sucralose [21]. In contrast, aspartame
did not stimulate GLP-1 secretion [29]. It was also demon-
strated that the intestinal STC-1 cells respond to all five basic
tastants by increasing intracellular calcium [30]. However,
when the sweeteners are given orally, it was demonstrated
that they do not enhance the release of incretin hormones
in rodents [31, 32] or in humans [33–36]. The present data

confirm this literature. Most artificial sweeteners were able
to stimulate incretin release from the enteroendocrine STC-1
cells, whereas exposing human duodenal tissue to sucrose or
sucralose, CCK and GLP-1 release was not affected. Surpris-
ingly, combining sucrose and sucralose with pea protein, the
release of CCK and GLP-1 was more increased then when
exposing duodenal tissue to only pea protein. These results
indicate that the sweeteners might synergize with a macronu-
trient, in this case pea protein, to enhance the incretin release,
which is coherent with results described by Brown et al. [37].
However, the mechanism behind this possible synergism is
unknown.

Taste buds signal the presence of chemical stimuli in the
oral cavity to the central nervous system using both early
transduction mechanisms, which allow single cells to be de-
polarized via receptor-mediated signaling pathways, and late
transduction mechanisms, which involve extensive cell-to-cell
communication among the cells in the buds. The latter mech-
anisms, which involve a large number of neurotransmit-
ters and neuropeptides, are less well understood [38]. Heath
et al. demonstrated that by increasing the levels of neuro-
transmitters, and in particular norepinephrine, the threshold
to bitter and sour was reduced by 39 and 22%, respectively
[39]. This might also be true in the GI tract. Exposing su-
crose and sucralose to duodenal biopsies might not trigger
hormone release from the enteroendocrine cells due to a very
high threshold. Adding macronutrients to the mixture, in this
case, pea protein might trigger the release of norepinephrine,
which then results in a lower threshold for the sweeteners.
However, if this is true for all macronutrients and sweeten-
ers has to be investigated further. The opposite might also be
true. Exposing STC-1 cells to a combination of pea protein
with aspartame, saccharine, or sucrose showed no effect on
CCK release compared to the negative control, whereas most
compounds alone do have a significant effect on CCK release.
The combination of these compounds appears to have an in-
hibitory effect. It might be due to the possibility that there is
a competition for binding to receptors, or that sucrose might
stick to the pea protein, preventing both compounds to bind
to their receptors. However, this should be investigates futher
before conclusions can be drawn.

In the present study, both lean and obese subjects were
tested. There are indications that obese subjects are less sen-
sitive for satiety signals compared to lean subjects. In rats,
it was shown that the minimal effective dose of satiety hor-
mones was three to four times greater in obese than in lean
rats [40, 41]. Also, obese male subjects have higher blood lev-
els of CCK after a protein infusion into the duodenum when
compared to lean subjects (unpublished data). In the present
study, we found that obese subjects have higher release of
CCK after exposure to the pea protein compared to the lean
subjects, which is in line with previous studies (unpublished
data). Also the combination of pea protein with sucrose and
sucralose resulted in higher levels of CCK in obese subjects.
In a previous study, it was also demonstrated that after pea
protein infusion into the duodenum, CCK levels were more
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increased in obese subjects, but food intake decreased to the
same extent in both lean and obese subjects. Obese subjects
probably are less sensitive to CCK and GLP-1, and therefore
need higher circulating levels to reach a similar satiety effect.

Although neither STC-1 cells nor Ussing chambers com-
pletely reflect the in vivo physiology, they are useful screen-
ing tools to select candidate food ingredients to determine
whether these compounds are able to mediate food intake and
weight management. It has previously been demonstrated
that the STC-1 cells are suitable to screen macronutrients on
their effects on release of several satiety hormones [11,42–44];
however, there are also some drawbacks related to using this
cell line. It originates from mice, so the effects on hormone
release may not necessarily be translatable to the effects in
human duodenal tissue. Also, the concentrations used for
the products may be different when testing the same product
in an in vivo situation. By using the Ussing chambers as an
intermediate model to study effects of dietary interventions
on human physiological processes, the extrapolation from in
vitro to in vivo findings might be easier. One major drawback
of this method is that even though human tissue is used, the
integrative physiological effects are lost. Also, in the present
study, sucrose did not stimulate GLP-1 release from duo-
denal tissue samples, whereas when tested in vivo, plasma
GLP-1 levels increase. GLP-1 is secreted in very low amounts
from the duodenum, and most of the effects that are seen
in vivo are due to GLP-1 secretion from jejunum and ileum.
Therefore, it is reasonable that in the present study, no ef-
fects where found on GLP-1 secretion after stimulation with
sucrose. These data demonstrate that the results from this
technique might not always be perfectly predictive, however,
previous data from our laboratory have shown that the results
found in Ussing chambers are comparable to human in vivo
studies [45].

Electrical parameters have also been measured in the
present study. These parameters are widely accepted for mon-
itoring the viability and integrity of tissue in the Ussing cham-
bers. In general, PD reflects the voltage gradient generated
by the tissue, TER reflects the tissue integrity, and Isc reflects
the ionic fluxes across the epithelium [46–48]. In the present
study, basal electrical parameters varied over a wide range.
This variability has also been noticed in previous studies on
human tissue samples from jejunum [49] and colon [50].
Moreover, the reported electrical parameters from investiga-
tors using different Ussing chambers on biopsy specimens
from the same gastrointestinal region have been associated
with a large variability. To correct for this variability, the ar-
eas under the curves have been calculated, after correcting for
baseline values for each biopsy. The electrophysiology results
from our study were comparable with those found in liter-
ature, and showed that all biopsies used in this study were
viable throughout the experiments. Addition of sweeteners,
pea protein, or a combination of both did not affect the re-
sistance of the tissue, but the Isc was significantly increased
compared to the negative control. The Isc is a marker for
transepithelial ion transport. Once food compounds stimu-

late enteroendocrine cells, Ca2+ will be transported into the
cell, resulting in release of satiety hormones [51]. This influx
may have been the cause of the increase in Isc.

We conclude that the combination of food ingredients
plays an important role in the regulation of the release of
satiety hormones. There seems to be a difference in satiety
hormone release after exposure to different sweeteners, and
the combination of sweeteners with pea protein. Combining
pea protein with sucralose induced the strongest effects on
CCK and GLP-1 release by both STC-1 cells and human duo-
denal tissue samples. The true efficacy of a combination of
pea protein and artificial sweeteners on food intake should
be investigated in a human intervention study.

This research was funded by the Transnational University
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