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Abstract
Postprandial glycaemia is a key determinant of overall glycaemic control. One mechanism by which dietary strategies can reduce postprandial
glycaemic excursions is by slowing gastric emptying. This study aimed to evaluate the acute effect of ingesting riceberry rice (RR) comparedwith
that of ingesting white rice (WR) on gastric emptying rate (GER), plasma glucose and glucose-regulating hormones, including insulin, glucose-
dependent insulinotropic polypeptide (GIP) and glucagon-like peptide 1 (GLP-1), in healthy subjects. A randomised, open-label, within-subject,
crossover study was performed in six healthy men. GER was measured by scintigraphy over 240 min, and plasma concentrations of glucose,
insulin, GLP-1 and GIP were measured at multiple time points over 180 min. This study revealed that RR slows GER with a reduction in
postprandial plasma glucose concentrations compared with WR. Plasma insulin and GLP-1 concentrations did not differ between RR and
WR. However, plasma GIP concentrations were markedly increased after WR ingesting v. after RR ingestion. We conclude that RR attenuates
postprandial glycaemia by slowing GER without altering plasma insulin or GLP-1. Plasma GIP concentrations are likely related to differences in
GER and carbohydrate absorption. We propose that dietary fibre-enriched foods, including RR, could contribute to improvement in
postprandial glycaemia via delayed gastric emptying.
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Rice is an important staple food for half of the world’s popula-
tion, and its consumption is rising steadily worldwide. The high-
est daily consumption of rice is in Asia, including Thailand(1).
White rice (WR), or polished rice, consists mainly of starch,
and it is the major type of rice consumed by Thai populations.
Traditionally, the Thai population consumesWR as a staple food
with an average daily consumption of more than 300 g, which
provides a major source of carbohydrates (50–60 % of total
energy intake)(2). A previous prospective cohort study of US sub-
jects reported that the consumption of more than five servings
per week of WR was associated with a higher risk of type 2 dia-
betes than brown rice consumption(3). A recent meta-analysis

revealed that the levels ofWR consumption in Asian populations
were higher than those in the West (average three to four serv-
ings/d v. one to two servings/week) and were strongly related to
an increased risk of type 2 diabetes(4).

Riceberry rice (RR) (deep purple grain; Oryza sativa L.) is a
special cultivar of rice developed in Thailand. RR originated from
a cross-bred strain of Chao Hom Nin rice and Khao Dawk Mali
105 or fragrant Thai Jasmine rice. Riceberry oil contains several
antioxidant bioactive compounds, such as γ-oryzanol, α-tocoph-
erol, γ-tocotrienol, β-carotene, lutein, co-enzyme Q10, poly-
phenol and quercetin(5,6). In diabetic rats, riceberry oil
improved blood glucose, insulin, glucose tolerance and
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HbA1C and increased GLUT 4 levels(7). However, the mecha-
nisms by which RR reduces blood glucose in humans have
not been established.

The glycaemic index (GI) represents the postprandial glycae-
mic response after the consumption of a test food compared
with a standard reference (50 g of glucose). The GI values of
food are classified into three categories: (1) low (GI< 55),
(2) medium (GI 55–69) and (3) high (GI≥ 70)(8). Low GI foods
tend to lower plasma insulin and plasma glucose when com-
pared with high GI foods(9). Moreover, a low GI diet helps
reduce the risk of developing metabolic and CVD in the nondia-
betic population(10,11). RR is a medium GI food (GI= 62)(12),
whereas WR is a high GI food (GI= 73)(13).

The rate of gastric emptying and release of gut peptides are
two of the major determinants of postprandial plasma glucose
concentrations(14). The gastric emptying rate (GER) is the rate-
limiting step to deliver ingested food from the stomach into
the small intestine for digestion and absorption. The gut peptides
glucose-dependent insulinotropic polypeptide (GIP) and gluca-
gon-like peptide 1 (GLP-1) are secreted in response to nutrients
from K cells in the proximal intestine and L cells in the distal
intestine, respectively. They are responsible for the substantial
augmentation of insulin secretion after oral glucose compared
with intravenous glucose, known as the ‘incretin effect’(14), while
GLP-1 also slows gastric emptying, which further contributes to
lowering plasma glucose concentrations(15).

The effects of RR on GER and glucose-regulating hormones
have not previously been evaluated. Therefore, this study aimed
to compare the effects of RR and WR on GER, as well as plasma
glucose, insulin, GIP and GLP-1 concentrations in healthy
subjects.

Subjects and methods

Subjects

The number of subjects in this study was calculated based on
data from a previous study(16) with an analysis of crossover
design using a differences programme PASS version 14 (NCSS
Statistical Software). The mean difference of half-emptying time
was set as 0·3 h, the standard deviation of the paired difference
was set as 0·1 h and the power was 0·9. Therefore, the sample
size was 6, and this power calculation only refers to GER.

Healthy Thai subjects aged 19–50 years were recruited from
the Bangkoknoi area and invited to visit the Department of
Physiology for a screening assessment if they were healthy,
non-pregnant, had a BMI between 18·5 and 22·9 kg/m2 and
had no food or radioactive substance allergies. Subjects with a his-
tory of gastrointestinal disorders, prior abdominal surgery, diabe-
tes mellitus, dyslipidaemia or endocrine diseases were excluded
from the study. The complete blood count, fasting blood glucose,
lipid profile and kidney profile were assessed before the study
to ensure that the subjects were healthy. The protocol was
approved by the Siriraj Institutional Review Board, Faculty of
Medicine Siriraj Hospital, Mahidol University (COA no. Si209/
2018) and registered in the Thai Clinical Trials Registry (registra-
tion no. TCTR20201108002). The study was performed according

to the international guidelines of the Helsinki Declaration, and all
subjects gave their written informed consent. The study was
undertaken at the Department of Radiology and Department of
Physiology, Faculty of Medicine, Siriraj Hospital, Mahidol
University, Thailand between 22 October 2019 and 29 May 2020.

Study design

This was a randomised, open-label, within-subject crossover
study with subjects attending on two occasions, 2 weeks apart,
at 07.30 after an 8-h overnight fast. Vital signs were measured
after 15 min of resting, after which an indwelling catheter was
placed in the antebrachial vein for blood collection at any time
point during the experiment.

On each day, subjects consumed the test meal, containing
100 g of either steamed RR (energy content: 1539·7 kJ (368 kcal),
proteins: 8·6 g, fat: 3·6, carbohydrate: 75·5 g, dietary fibre: 4·1 g) or
steamed WR (energy content: 1468·2 kJ (350·9 kcal), proteins:
5·7 g, fat: 1·2, carbohydrate: 79·4 g, dietary fibre: 1·7 g) servedwith
microwaved labelled eggs and 100mlwater. Themicrowaved egg
was prepared from 65–70 g whole egg mixed with 5 ml vegetable
oil, 10 ml water and 37 MBq 99mTc phytate. Randomisation was
performed using a random number table. The study protocol is
shown in Fig. 1.

Gastric emptying measurement

The GERwas determined using a scintigraphic technique, which
represents the gold standard method for measuring gastric emp-
tying, as described previously(15,17). The entire testmeal was con-
sumed within 10 min, and its retention in the stomach was
imaged with the subject in the upright position using a single
head γ camera (45° left anterior oblique view) immediately after
meal ingestion (t= 0min) and at 30, 60, 90, 120, 180 and 240min.
The curve for the proportion of the meal remaining in the
stomach over time was fitted by a modified power exponential
function. The lag time before emptying commenced, the slope
of the emptying portion of the curve (% of initial activity per
minute) and the gastric half-emptying time (GE T1/2) were calcu-
lated with correction for isotope decay.

Blood sampling and analysis

Venous blood samples were taken before the test meal and at 15,
30, 60, 120 and 180 min after the test meal ingestion for sub-
sequent measurement of plasma glucose and hormone concen-
trations. Blood samples were collected into chilled EDTA tubes
containing aprotinin, a kallikrein inhibitor, at 5000 units per ml
of blood (Trasylol; Bayer). Blood tubes were stored on ice and
immediately centrifuged at 1800 rpm for 10 min at 4°C. Plasma
was separated and subsequently stored at −70°C until assayed.

Plasma glucose and insulin concentrations were measured in
the Department of Clinical Pathology, Faculty of Medicine, Siriraj
Hospital, Mahidol University, Thailand, the former using an
enzymatic hexokinase method and the latter using an electro-
chemiluminescence immunoassay.

Plasma GIP and GLP-1 were determined by commercial
ELISA kits. Total GLP-1 (7–36 amide) and the primary metabolite
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of GLP-1 (9–36 amide) were measured using a GLP-1 total ELISA
kit (Cat #EZGLP1T-36K; EMDMillipore Corporation). The detec-
tion procedure followed the manufacturer’s instructions. The
range of detection was 4·1–1000 pmol/ml, the sensitivity limit
for detection was 4·1 pmol/ml and the intra-assay CV for GLP-
1 was 5·31. Total GIP was determined using an ELISA kit (Cat
#EZHGIP-54K; EMD Millipore Corporation). The detection pro-
cedure followed the manufacturer’s instructions. The range of
detection for GIP was 4·2–2000 pg/ml, the sensitivity limit for
detection was 4·2 pg/ml and the intra-assay CV was 9·23.

Statistical analyses

All data are expressed as the mean values with their standard
error of themean andwere analysed using SPSS software version
22 (SPSS Inc.). Normally distributed data, including the percent-
age of gastric retention and plasma glucose, insulin, GIP and
GLP-1 concentrations, were analysed using repeated-measures
ANOVA followed by Fisher’s least significant difference analysis.
Non-normally distributed data, including gastric lag time and
gastric half-emptying half time (GE T1/2), were analysed using
the Mann–Whitney U test. The incremental AUCwere calculated
based on the trapezoidal rule for plasma glucose, insulin, GIP
and GLP-1. Differences in values were also compared using
the Mann–Whitney U test. P≤ 0·05 was considered statistically
significant.

Results

Six subjects (all male; age 29 (SEM 2·1) years (range 25–37 years);
BMI 21·5 (SEM 0·5) kg/m2 (range 19·5–23 kg/m2)) completed both
study visits. Fasting blood chemistry parameters including cho-
lesterol, TAG, blood urea nitrogen, creatinine and estimated glo-
merular filtration rate of all participants were in normal ranges
and did not differ between the two visits. Baseline fasting plasma

glucose and hormone concentrations did not differ between the
two visits (Table 1).

Gastric emptying rate

There was a significant treatment × time effect (P= 0·031) for
GER. The mean percentage of gastric retention at 15, 30 and
60 min after RR ingestion was significantly higher than that after
WR ingestion (98·37 (SEM 1·90) v. 84·36 (SEM 1·73) %, P= 0·000 at
15 min, 75·03 (SEM 4·17) v. 56·26 (SEM 3·81) %, P= 0·009 at 30 min,
47·51 (SEM 4·54) v. 31·98 (SEM 4·14) %, P= 0·032 at 60 min)
(Fig. 2(a)). RR also showed a higher gastric lag time (45·26
(SEM 8·20) v. 19·96 (SEM 4·25) min, respectively, P= 0·004) and
gastric half-emptying time (102·16 (SEM 11·86) v. 73·76 (SEM
4·68) min, respectively, P= 0·017) than WR (Fig. 2(b)).

Blood sampling every 15
min up to 1 h then every
30 min

Visit 1

Scintigraphy

Test meal (Riceberry /
white rice) labelled
with radioactive tracer

Test meal (Riceberry /
white rice) labelled with
radioactive tracer

07·00 08·00 12·00 07·00 08·00 12·00

Scintigraphy

Baseline
parameters

Baseline
parameters

Visit 2

Blood sampling every 15
min up to 1 h then every
30 min

Fig. 1. Flow chart of the present study.

Table 1. Subject characteristics and fasting glucose, hormones, lipid
profiles and kidney profiles across two study visits
(Mean values with their standard error of the mean, n 6)

Baseline
assessment White rice visit

Riceberry rice
visit

Mean SEM Mean SEM Mean SEM

Age (years) 29 2·1
Height (cm) 173 2·1
Weight (kg) 64·2 2·3
BMI (kg/m2) 21·5 0·5
Glucose (mg/dl) 85·33 1·99 83·50 1·99
Insulin (μU/ml) 6·97 0·83 6·86 0·83
GIP (pg/ml) 55·67 13·95 58·91 15·29
GLP-1 (pmol/l) 31·88 4·65 41·78 5·09
Cholesterol (mg/dl) 180 22·08 168·75 5·19
TAG (mg/dl) 92 19·48 66·50 15·39
BUN (mg/dl) 12·38 1·29 10·93 2·31
Creatinine (mg/dl) 0·93 0·59 0·91 0·62
eGFR 108·93 7·29 108·93 6·13

GIP, glucose-dependent insulinotropic polypeptide; GLP-1, glucagon-like peptide 1;
BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate.
* P> 0·05 for all between-visit comparisons.
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Plasma glucose concentrations

The plasma glucose concentrations increased from baseline to a
peak at approximately 30 min after RR and WR ingestion
(P< 0·05). There was a significant treatment × time effect
(P= 0·05) for plasma glucose. Between 30 and 60 min after
RR ingestion, plasma glucose was reduced and significantly
lower than WR at 60 min after ingestion (89·17 (SEM 5·51) v.
107·33 (SEM 5·51) mg/dl, respectively, P= 0·042) (Fig. 3(a)).
However, the iAUC (0–180 min) for plasma glucose was non-
significantly lower after RR ingestion (P= 0·065) (Fig. 3(b)).

Plasma insulin concentrations

The plasma insulin concentrations between 15 and 120 min
increased from baseline after RR and after WR ingestion
(P< 0·05). However, there was no significant treatment × time
effect (P= 0·617) for plasma insulin, which was no different in
the plasma insulin concentrations at the different time points
between RR and WR ingestion (Fig. 3(c)). The iAUC (0–180
min) for plasma insulin after ingestion of RR also showed no sig-
nificant difference from the WR (P= 0·240) (Fig. 3(d)).

Plasma glucose-dependent insulinotropic polypeptide
concentrations

Plasma GIP concentrations increased from baseline during each
time point after RR and after WR ingestion (P< 0·05). There was
a significant treatment × time effect (P= 0·032) for plasma GIP.
Interestingly, after ingestion of WR, higher plasma GIP concen-
trations were observed at 60 min compared with RR (377·69
(SEM 51·93) v. 217·67 (SEM 56·89) pg/ml, P= 0·026) (Fig. 4(a)).
The iAUC (0–180 min) for plasma GIP after WR ingestion was
also higher than that after RR ingestion (P= 0·015) (Fig. 4(b)).

Plasma glucagon-like peptide 1 concentrations

The plasma GLP-1 concentrations between 15 and 60 min after
RR or WR ingestion were not different from baseline, while the
plasma GLP-1 concentrations between 60 and 180 min were
slightly increased without a statistically significant difference
from baseline. While there was no significant treatment × time
effect, the plasma GLP-1 level after RR ingestion tended to be
higher than that after WR ingestion at 30 and 60 min (39·34
(SEM 2·78) v. 27·64 (SEM 2·54) pmol/l, P> 0·05 at 30 min, 38·68
(SEM 2·83) v. 27·17 (SEM 2·58) pmol/l, P> 0·05 at 60 min) (Fig.
4(c)). The iAUC (0–180 min) for plasma GLP-1 (Fig. 4(d)) also
showed no significant difference between RR and WR ingestion
(P= 0·394).

Discussion

The consumption of RR has become more popular in recent
years due to the belief that it has beneficial health effects. The
present study was the first to evaluate the acute effects of RR
ingestion on glycaemic regulation in healthy human subjects.
We hypothesised that RR would empty from the stomach more
slowly than WR and that this would be associated with a reduc-
tion in postprandial glycaemic excursion, which was indeed the
case. We also examined plasma insulin and incretin hormone
concentrations and found that plasma insulin did not differ fol-
lowing RR andWR ingestion. The ingestion of RR was associated
with lower postprandial plasma GIP concentrations than those
with WR, whereas postprandial plasma GLP-1 concentrations
tended to be higher after RR than WR ingestion during the 30-
to 60-min interval.

RR is composed of several antioxidant bioactive com-
pounds(5,6), and chronic treatment with riceberry oil improves
plasma glucose and insulin sensitivity in animal models of type
2 diabetes(7), likely due to bioactive compounds, such as toco-
trienol, γ-oryzanol and β-carotene, which might inhibit pancre-
atic β-cell apoptosis and stimulate insulin secretion from
remnant pancreatic β-cells and/or regenerated β-cells(18,19).
However, in the present study, we evaluated the acute effect
of whole RR on plasma glucose, which may be related to its fibre
content rather than its bioactive compounds. RR has a higher
fibre content and lower GI than WR (dietary fibre RR= 4·1 g,
WR= 1·7 g, GI RR= 62, WR= 73)(12). Carbohydrate-rich foods
with a low GI and high fibre content protect against diabetes
or CVD(20). In previous studies, acute administration of dietary
fibre-enriched cereal flakes attenuated postprandial plasma glu-
cose without any significant change in glucose-regulating
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hormones in patients with type 2 diabetes when compared with
conventional cereal flakes(21). The consumption of a low-GI diet
for 4 weeks improves fasting plasma glucose, HbA1C andwhole-
body glucose utilisation (measured by the euglycaemic–hyper-
insulinaemic clamp) in type 2 diabetic patients compared with a
high-GI diet(22). Moreover, a study of sixty-three patients with
type 1 diabetes demonstrated that long-term intake of a high-
fibre diet reduced mean daily blood glucose concentrations,
HbA1C and the number of hypoglycaemic events comparedwith
a low-fibre diet(23). An explanation for the glucose-lowering
effect of RR comparedwithWR is its slower rate of gastric empty-
ing. Potential factors regulating postprandial blood glucose lev-
els include (1) the rate of delivery of nutrients into the small
intestine, (2) absorption of glucose from the small intestine
and (3) glucose metabolism in the liver and other tissues. The
rate of gastric emptying is now established as a major determi-
nant and rate-limiting step of nutrient delivery from the stomach
into the small intestine and therefore is amajor contributor to var-
iations in postprandial glycaemia(24,25). Drug-induced delays in
gastric emptying reduce the postprandial glycaemic response
to mixedmeals, whereas pharmacological acceleration of gastric
emptying increases postprandial blood glucose concentra-
tions(26). Several factors determine the GER, including dietary

composition(27,28). A previous study in thirty patients with type
2 diabetes supplemented with a soluble dietary fibre liquid diet
compared with a soluble dietary fibre-free liquid diet found that
soluble dietary fibre decreased postprandial glucose and insulin
concentrations and negatively correlated with the rate of empty-
ing from the distal part of the stomach(29). The probable explan-
ation for the slowing effect of fibre on gastric emptying includes
greater resistance of fibre-containing food to the grinding action
of the stomach(30), the increased viscosity of fibre-rich foods,
which delays intragastric movement of chyme towards the
antrum(31), and delayed absorption of fat induced by the pres-
ence of fibre in the meal, resulting in exposure of a longer length
of intestine to the products of its digestion(32). The energy content
of foods also affects gastric emptying,which generally occurs at a
relatively steady energetic rate within an individual(27). Slowing
gastric emptying in general attenuates the postprandial increases
in insulin andGIP as well as glucose concentrations. Slow gastric
emptying would also lower GLP-1 concentrations, although
these may be elevated if delayed emptying is the result of prior
exposure of the gut to nutrients, for example, fat(28). Our findings
showed that with equivalent amounts of RR and WR, RR had
slightly higher energy content (1539·7 kJ (368 kcal)) than WR
(1468·2 kJ (350·9 kcal)), had higher fat content (3·6 g) than
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WR (1·2 g) and had higher dietary fibre (4·1 g) than WR (1·7 g),
suggesting that RR was more effective in slowing the GER and
reducing the increases of postprandial glucose concentrations
in healthy subjects.

This study demonstrated that postprandial plasma insulin
concentrations were not significantly different between RR
andWR ingestion. Previous observations regarding postprandial
plasma insulin responses to fibre-rich meals have been variable.
The consumption of boiled barley kernels with higher dietary
fibre and lower carbohydrate than white wheat bread did not
change the postprandial plasma insulin levels, whereas the post-
prandial plasma glucose levels were decreased after boiled bar-
ley kernel ingestion(33). The intake of dietary fibre-enriched
cereal flakes exhibited low post-breakfast 2-h glucose levels
without any change in plasma insulin compared with conven-
tional cereal flakes(21). Acute ingestion of a highly resistant starch
resulted in a decrease in both the postprandial plasma glucose
and insulin levels(34). In contrast, the consumption of resistant
starch for 4 weeks improved first-phase insulin secretion in
overweight subjects(35). The different findings might indicate
the complex mechanisms involving the control of postprandial
plasma insulin secretion. Another explanation is diet composi-
tion, which is a major influence on insulin secretion(36,37).
Carbohydrate-rich food caused a greater increase in postpran-
dial plasma insulin levels than fat- or protein-rich food.

However, the glycaemic and insulinaemic responses to ingested
carbohydrates also depend on many factors, such as the source,
structure, composition, processing and food preparation(38–41).
In addition, dietary fibre may attenuate the glycaemic response
to ingested carbohydrates by slowing the absorption of
nutrients(42,43). Decreased blood glucose concentrations reduce
the amount of insulin necessary for clearing the glucose load. In
the long term, the reduction in insulin secretion may enhance
insulin receptor up-regulation, which increases insulin sensitiv-
ity(44). In our study, we evaluated the acute effect of RR on gly-
caemic and insulinaemic responses, but the long-term effect of
RR ingestion on glycaemic control and insulin sensitivity should
be investigated in future studies.

Our study also evaluated the effect of RR ingestion on plasma
concentrations of the incretin hormones GIP and GLP-1. These
are released from the small intestine in response to nutrients(45).
GLP-1 suppresses antral motility and stimulates pyloric contrac-
tions, resulting in the slowing of gastric emptying, which is likely
a major mechanism of its action to lower postprandial glycae-
mia(46). Moreover, GIP and GLP-1 both stimulate insulin secre-
tion when plasma glucose concentrations are increased(14). In
the present study, there was a greater increase in postprandial
plasma GIP concentrations after WR than RR ingestion. In con-
trast, the postprandial plasma GLP-1 concentrations were not
significantly different between the two types of rice. The slightly
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values with their standard error of the mean (n 6). RR, riceberry rice; WR, white rice; NP, non-parametric test. (a) , WR; , RR. (b) , WR; , RR. (c) ,
WR; , RR. (d) , WR; , RR.
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increased in GLP-1 concentrations after the meal should be fur-
ther investigated. GIP is secreted from K cells, which are located
in the proximal intestine, whereas GLP-1 is secreted from L cells
located in the distal small intestine and large intestine(47,49). To
stimulate the release of GIP and GLP-1, ingested nutrients must
reach the K and L cells, respectively. As gastric emptying regu-
lates the delivery of nutrients into the small intestine, the mini-
mum delivery rate is lower for GIP because GIP-producing K
cells are located more proximally, while a greater delivery rate
is needed, above the threshold for proximal absorption of
nutrients, to increase exposure of the nutrients to the distal
gut where the L cells are located(50,51). As seen in the present
study, the plasma GIP concentrations increased more noticeably
than plasma GLP-1 concentrations after eating WR compared
with RR, consistent with this concept. Despite greater elevation
of plasma concentrations of both glucose and GIP in response to
WR ingestion, the net plasma insulin response was not signifi-
cantly increased over RR.

There were some limitations in our study. We investigated
only the acute effect of RR on the GER, glycaemia and glu-
cose-regulating hormones. The effects of long-term consump-
tion of RR should be studied, which may also be more
relevant to the actions of the bioactive compounds found in this
rice on glycaemia and insulin sensitivity. The power calculation
of sample size in this study only refers to GER; thus, it was not
powered to determine differences in themetabolites or hormone
concentrations. The participants were not blinded from the test
meals and the participant expectations may influence many out-
come measures used in the study. A previous study found that
the cognitive and sensory contributions had impacted on gastric
emptying and postprandial endocrine responses including
changes of insulin, GLP-1 and ghrelin which might be mediated
via cephalic phase responses(52). Thus, further study might
require performing in blinded fashion. Additionally, the energy
and macronutrient contents of each rice were not exactly
matched as we aimed to evaluate the total amount of rice regu-
larly consumed per serving as it applies in everyday consump-
tion. Any differences in these values between RR and WR
were small and would not have been expected to greatly influ-
ence the GER or plasma glucose. Finally, the palatability of the
test meals was not measured which it might have an association
with glycaemic response of subjects as shown in a previous
study(53). The previous study showed that the consumption of
the palatable meal increased circulating glucose levels in
subjects after 30, 60 and 120 min of consuming(53). Therefore,
the results from our study could not be implicated to explain
the association between the palatability of the test meals and the
glycaemic response.

In conclusion, the ingestion of 100 g RR was associated with
slower gastric emptying and a reduction in postprandial plasma
glucose and GIP concentrations compared with 100 g WR, with-
out significant differences in plasma insulin or GLP-1 concentra-
tions. Further studies in larger groups and over a longer period
are required to confirm the benefits of RR consumption, as well
as the potential effects of its bioactive compounds, on glycaemic
control. However, our findings support the consumption of RR in
healthy individuals as being beneficial for controlling postpran-
dial glycaemia.
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