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Introduction

Oat beta-glucans consumed at breakfast improve
glucose tolerance acutely and after a subsequent
lunch — a randomized dose—response study in
healthy young adults}

Mohammad Mukul Hossain, (2 * Juscelino Tovar,? Lieselotte Cloetens,®
Marina Vilar Geraldi,? Chiara Venuti® and Anne Nilsson?®

Oat beta-glucans (OBGs) lower postprandial blood glucose by increasing gastrointestinal viscosity, delay-
ing gastric emptying, and slowing glucose absorption. While the European Food Safety Authority (EFSA)
recommends a minimum intake of 4 g of OBGs per 30 g of available carbohydrates (avCHO) for a signifi-
cant reduction in glycaemic response, this poses formulation challenges. This study investigated the
effects of a commercially available OBG ingredient on postprandial glycemia and appetite sensations
immediately after ingestion and following a standardized lunch 3.5 hours later, also exploring whether
doses below 4 g of OBGs per 30 g of avCHO could be effective. Nineteen healthy subjects consumed
test drinks containing O g (Ref), 2 g (BG2), 3 g (BG3), or 4 g (BG4) of OBGs, each providing 30 g of
avCHO, in a crossover study. BG2 and BG4 reduced the incremental glucose peak (iPeak) compared to
Ref (P < 0.05), with BG3 showing a trend (P = 0.09). BG4 reduced an early glucose incremental area
under the curve (IAUC 0-60 min) and improved the post-lunch glycaemic response compared to Ref (P <
0.05). Insulin iPeaks and iIAUC (0—-120 min) were lower for BG3 and BG4 (P < 0.05). BG4 enhanced satiety
and reduced hunger throughout the experimental period (P < 0.05). Doses below 4 g of OBGs per 30 g of
avCHO improved postprandial glycemia and appetite, and OBG intake at breakfast enhanced post-lunch
glycaemic regulation, suggesting that a lower threshold may be effective in blood glucose management
and appetite control.

rate, restricts the interaction of digestive enzymes with their
substrate, and leads to slower carbohydrate digestion and

Oats (Avena sativa L.) are rich in health-promoting com-
ponents, such as soluble dietary fibers (beta-glucans (BGs) and
arabinoxylans). Beta-glucans from oats and barley (BBGs) have
been shown to reduce acute postprandial blood glucose
concentrations.' Maintaining strictly regulated blood glucose
concentrations is crucial, resulting in a potentially reduced
risk of obesity, type 2 diabetes and cardiovascular diseases.*”
The postprandial glycemia-modulating effect of BGs is believed
to relate to its ability to increase the viscosity of the content of
the gastrointestinal tract, which delays the gastric emptying
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1 Electronic supplementary information (ESI) available: (1) Table S1: macronutri-
ent composition of a standardised lunch meal, (2) Fig. S1: the consort flow
diagram and study progress. See DOI: https://doi.org/10.1039/d5f000353a
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absorption of glucose.®” The effectivity of BGs in producing
this viscous layer depends on their concentration, solubility/
extractability, and molecular weight.

In the European Union (EU), the EFSA concluded, following
a review of the scientific evidence, that the postprandial glycae-
mic response is reduced with the intake of at least 4 g of OBGs
or BBGs per 30 g of avCHO.® However, due to the markedly
high viscosity of BGs, the incorporation of 4 g of OBGs or
BBGs per 30 g of avCHO is technologically challenging when
formulating a commercial product. To our knowledge, there is
no commercial product in the European market that complies
with that specific ratio of BGs to avCHO. Based on recent
studies, the exact ratio of BGs to avCHO required for postpran-
dial glycaemic response lowering may, indeed, be lower than
the minimum threshold established by the EFSA, particularly
when the molecular weight of BGs is considered.’

Barley kernels, which are rich in BGs, have been shown to
reduce the postprandial glycaemic response long after con-
sumption; indeed, when consumed as part of a standardised
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dinner, the postprandial glycaemic response was reduced the
following morning after the consumption of a standardised
breakfast.’® Likewise, when consumed as part of a breakfast
test meal, barley kernels reduced the postprandial glycaemic
responses after the consumption of the subsequent standar-
dised lunch and dinner meals."® This phenomenon, known as
the ‘second meal effect’ on blood glucose regulation, plays a
crucial role in the context of maintaining glycaemic control
over an extended period of time (e.g. breakfast to lunch).
Similarly, it has been reported that BBGs improve second meal
blood glucose responses in mice; specifically, Mio et al
reported that mice receiving a single dose of BGs, followed by
a standard glucose tolerance test conducted 6 h later, showed
an improved glycaemic response to the standard glucose
load."* To our knowledge there is no information available
regarding the effects of isolated OBG preparations on second-
meal blood glucose tolerance in humans.

The aim of this study was to investigate the impact of a
commercially available OBG ingredient on postprandial glyce-
mia and subjective appetite sensations, immediately after
ingestion, and, after a standardised lunch consumed 3.5 h fol-
lowing the intake of OBGs. The OBG ingredient was added to a
glucose-based drink. We also investigated the effects of doses
lower than 4 g of OBGs per 30 g of avCHO on the postprandial
glycemic responses. For this purpose, a randomized crossover
study was performed in healthy young adults.

Materials and methods
Study subjects

Participants were recruited through public advertisements on
https:/www.accindi.se and Lund University notice boards.
Recruitments of test subjects took place between December
2022 and February 2023, and the clinical phase took place
between March and May 2023. The inclusion criteria were indi-
viduals aged between 20 and 40 years with BMIs between 19
and 28 kg m™2. The exclusion criteria included: fasting blood
glucose concentration > 6.1 mmol L™, any diagnosed meta-
bolic diseases, regular use of oral hypoglycaemic drugs or cor-
ticosteroids, current smoking, changes in diet or physical
activity within the past three months, regular oat or oat-based
product consumption, and any diagnosed eating disorders
(e.g., binge eating) that could compromise satiety assessments.
Each subject received a full explanation (written and oral) of
the purpose and protocol of the study, and written informed
consent was obtained. Test subjects were aware of the ability
to withdraw from the study at any time. Anthropometric
measurements, including body weight and height, were
recorded during the screening visit using a calibrated digital
scale (TANITA MC-780U). BMI was calculated by dividing
weight (kg) by the square of height (m?). Nineteen healthy vol-
unteers, 7 men and 12 women, aged (mean + SEM) 23.51 =+
0.21 years, and with a BMI (mean + SEM) of 23.39 + 0.46 kg
m~2 were enrolled to participate in the study. The consort flow
diagram and study progress are shown in ESI Fig. S1.t
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Breakfast test drinks

The OBGs were kindly provided by Lantminnen Functional
Foods AB (PromOat® Instant, Lantménnen Functional Foods
AB, Box 30192, 104 25 Stockholm, Sweden). All breakfast test
drinks contained 30 g of avCHO and one of four different
doses of OBGs, as follows: (i) 4 g of BGs (BG4); (ii) 3 g of BGs
(BG3); (iii) 2 g of BGs (BG2); or (iv) 0 g of BGs, considering the
reference (Ref). The breakfast test drinks were prepared by
adding OBGs in 150 mL of hot water (100° C) with added
strawberry flavour (wild strawberry, Aarke AB, Ostgotagatan
100, Stockholm, Sweden) and pink food colours (Dr Oetker
Sverige AB, Avigen 40, 412 51 Géteborg, Sweden). The compo-
sition of PromOat® Instant is shown in Table 1, and the com-
position of each breakfast test drink is shown in Table 2. The
average molecular weight of PromOat® Instant was 800 kDa.

Standardised lunch meal

A standardised lunch meal was served 3.5 h (210 min) after the
breakfast test drink to investigate second-meal effects. The
standardised lunch meal consisted of 50 g of avCHO from
121 g of white wheat bread and 8 g of avCHO from 100 g of
Swedish meatballs (Scan AB, Halmstad, Sweden), for a total of
58 g of avCHO for the entire lunch meal. According to the
nutritional information given by the manufacturers, the lunch
meal contained a total caloric value of 485 kcal (ESI
Table S17).

Study design

The study was conducted using a single-blind randomized
crossover design. Each breakfast test drink was consumed by
all participants in a random sequence. The blinding was
applied solely to the participants. Prior to each study visit, par-
ticipants were instructed to refrain from engaging in vigorous
physical activity, consuming alcoholic beverages, and consum-
ing foods containing oats or high in dietary fiber (such as
beans, whole grain bread, fiber-enriched pasta, and whole
cereal kernels). The participants were instructed to establish a
standardised food routine before each study day. In order to
ensure consistency, participants were instructed to provide a
record of their dietary intake from the day preceding each
study visit. Additionally, participants were instructed to
consume standardized meals in the evening prior to each

Table 1 Composition of PromOat® Instant®

Nutritional information Nutrients per 100 (g)

Moisture 3.00
Available carbohydrates 47.00
Sugars 2.00
Total fat 6.50
Protein 3.50
Total fibre 40.00
Beta glucans 32.20
Other fibre (AX) 7.80

“In accordance with the manufacturer’s provided information.

This journal is © The Royal Society of Chemistry 2025
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Table 2 Composition of breakfast test drinks?
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AvCHO (g)
Drink PromOat (g) Beta-glucans (g) From PromOat From glucose Total Protein(g) Fat(g) Totalfibre (g) Total energy (kcal)
BG4 13.15 4.00 5.99 24.00 30.00 0.45 0.83 5.10 135
BG3 9.86 3.00 4.49 25.50 30.00 0.34 0.62 3.83 131
BG2 6.50 2.00 2.96 27.04 30.00 0.22 0.41 2.52 127
Ref 0.00 0.00 0.00 30.00 30.00 0.00 0.00 0.00 120

“ All drinks were prepared using 150 mL of hot water (100 °C).

study visit. Specifically, they were asked to have a standardized
dinner at 18:00 and an evening snack at 21:00. The standar-
dized dinner was selected by each participant and remained
consistent across all pre-visit evenings. The standardized
evening snack consisted of commercially available white wheat
bread with a topping of the participant’s choice, ensuring the
same topping was used in all pre-experimental evenings to
maintain consistency.

The participant arrived at the study centre at 07:30 after
10 hours of fasting during the night. Capillary blood samples
were collected, followed by the consumption of a breakfast test
drink at 08:00 (time zero (0 min)), with a designated consumption
time of 10-12 minutes. Subsequent capillary blood samples were
collected at specific time intervals of 15, 30, 45, 60, 90, 120, 150,
180, and 210 minutes after the start of consumption of the break-
fast test drink. Following the blood test conducted at the
210-minute mark, a standardised lunch was provided which was
consumed within 10-12 min, and further blood samples were col-
lected at intervals of 225, 240, 255, 270, 300, and 330 minutes fol-
lowing the start of consumption of the breakfast test drink.
Throughout the duration of the trial, the participants were con-
fined to the clinical facility and were strictly prohibited from con-
suming any food or beverages, with the exception of the provided
breakfast test drink and standardised lunch meal. Participants
were instructed to minimize their engagement in physical activi-

Acute effect

Breakfast test
drink

ties to the greatest extent feasible. Participants were monitored
for any adverse effects, including gastrointestinal discomfort, diz-
ziness, or nausea. They were instructed to report any symptoms
experienced throughout the study period. Each test day was separ-
ated by a minimum 5-day wash-out period. An overview of the
schedule of procedures and evaluations on each test day is pro-
vided in Fig. 1.

Test variables

The measurement of all variables was carried out using capil-
lary blood samples. Plasma glucose concentrations were
measured in whole blood at the time intervals specified above,
using a HemoCue Glucose 201+ analyzer manufactured by
HemoCue AB in Angelholm, Sweden. Samples for the analysis
of serum insulin were obtained using BD Microtainer SST
tubes. Serum insulin samples were assessed at the same time
points as the glucose determinations, except for 15 and
150 minutes. The sampling tubes were centrifuged for 10 min
(2000 G) at a temperature of 25 °C, using an Eppendorf centri-
fuge model 5425. Subsequently, the serum was separated and
kept at a temperature of —40 °C until it was subjected to ana-
lysis. The measurement of insulin concentrations was con-
ducted using a solid phase two-site enzyme immunoassay kit
(Insulin ELISA 10-1113-01, Mercordia AB, Uppsala, Sweden).

Second-meal effect

Standardised
Lunch meal

—{an ) [ssn ]

Blood Samples ) .6 0 0 Q Q O Q Q
[

Fig. 1 Schedule of procedures and evaluations on each test day.

This journal is © The Royal Society of Chemistry 2025
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A 100 mm visual analogue scale (VAS) was used to rank the
subjective appetite variables namely satiety, hunger, and
desire to eat. The left end of the VAS scale represented not at
all (e.g., hungry), and the right end of the scale represented
extremely. The participants were told to complete the VAS at
every blood sampling point.

Statistical analysis

Data are expressed as means + SEM. A trapezoid model was
used to calculate the incremental areas and areas under the
curves (1AUCs and AUCs, respectively) for each subject and test
drink. The iAUCs were used for statistical evaluations of blood
glucose and insulin concentrations. Results presenting iAUCs of
postprandial glucose and insulin responses after the standardised
lunch (210-330 min) were calculated by considering the glucose
concentrations prior to lunch (time = 210 min) as the baseline.
AUCs were used to present the results of appetite sensations. The
plotting of graphs and calculations of areas were performed using
GraphPad Prism (version 10.0, GraphPad software, San Diego, CA,
USA). Randomisation of the consumption order of the test drinks
was performed by using random tools of Microsoft Excel
(Washington, DC, USA). The effects of the test drink on physio-
logical responses were evaluated using ANOVA (general linear
model), followed by Tukey's pairwise multiple comparison in
MINITAB statistical software (version 21.4, Minitab, Minitab Inc.,
State College, PA, USA). If the value from a test subject was
missing for one of the products, the test subject was excluded
from the statistical evaluation of that specific test variable. Data
from all 19 participants were included in the statistical evalu-
ations of blood glucose and insulin concentrations. Five subjects
failed to follow the instructions in ranking appetite sensations,
and these subjects were therefore excluded from the statistical
analysis for appetite sensations, resulting in evaluable data for 14
subjects. The significance level was set at a p-value <0.05, using a
two-sided test.

Power calculation

The primary outcome measure of the study was incremental
blood glucose concentration changes, iAUC, 0-120 min after
the breakfast drink. The number of participants required for
the study was determined based on a previous study with an

View Article Online
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oat-based beverage.'” Assuming a difference of 22 mmol min
L' (15%) between test drinks and a SD of 27 mmol min L™,
with @ = 0.05 and 1 — 8 = 0.8,'* 13 test subjects were required.
We decided to increase the number of test subjects to 19 to
account for a 30% rate, as has been used in sample size calcu-
lations in similar crossover studies with multiple testing arms.

Results

Parameters prior to the consumption of the breakfast test
drinks and standardised lunch

The demographic characteristics of the participants are sum-
marized in ESI Table S2.} At the fasting time point (i.e., before
consuming the test drinks), there were no statistically signifi-
cant differences in glucose concentrations, insulin concen-
trations, or appetite (hunger, satiety and desire to eat) ratings.
Likewise, prior to the consumption of the standardised lunch
meal, there were no significant differences between treatments
in blood glucose or serum insulin. Data can be found in
Table 3. Additionally, no adverse effects were reported by par-
ticipants, indicating that the OBG test drinks were well
tolerated.

Glucose and insulin responses

Glucose. Table 4 and Fig. 2, 3 show the glucose response fol-
lowing the consumption of each breakfast test drink and the
subsequent standardised lunch meal. The glucose iPeak was
significantly reduced following the consumption of the BG4
breakfast test drink versus the Ref breakfast drink (—28%, P <
0.01; Table 4) and following the consumption of the BG2
breakfast drink versus the Ref breakfast drink (—17%, P < 0.01;
Table 4). There was a 28% reduction in iAUC (0-60 min) fol-
lowing BG4 breakfast drink consumption compared to con-
sumption of the Ref breakfast drink (P < 0.01). There was no
statistically significant difference in the 0-120 min iAUC
between the Ref breakfast drink and any of the OBG breakfast
test drinks (P > 0.05, Table 4). The iAUC after the standardised
lunch with the BG4 breakfast test drink was 24% lower com-
pared to the Ref breakfast test drink (P < 0.05, Table 4).

Serum insulin. The insulin concentrations following the
consumption of the breakfast test drinks and the subsequent

Table 3 Parameters prior to the consumption of the breakfast test drinks and standardised lunch

Test variable Ref BG2 BG3 BG4
Fasting blood glucose (mmol L™) 5.19 + 0.06% 5.13 + 0.08% 5.06 + 0.09% 5.12 + 0.09%
Blood glucose prior to Std. lunch (nmol L™")* 4.76 + 0.11% 4.72 £ 0.09% 4.72 +0.13% 4.82 £0.11%

0.033 + 0.004"
0.033 +0.004"

Fasting serum insulin (nmol L™")*
Serum insulin prior to Std. lunch (nmol L™")*

Satiety, fasting (mm)? 17.29 +2.99%
Hunger, fasting (mm)” 75.57 + 3.84%
Desire to eat, fasting (mm)” 77.43 + 4.25%

0.035 + 0.003%
0.034 + 0.003%

0.037 + 0.004*
0.037 £ 0.005%

0.038 + 0.005%
0.036 + 0.005%

19.36 + 3.69% 19.57 + 3.97% 20.36 + 3.86%
70.14 + 5.29? 65.14 + 5.72° 69.93 + 5.53%
67.71 + 5.8% 69.79 + 4.52% 71.79 + 4.59%

Different superscript letters indicate statistically significant differences between values in the same row, p < 0.05 (ANOVA, followed by Tukey’s
test). BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose plus 3 g of beta-glucan; BG4, 30 g of glucose plus 4 g of beta-glucan; and
Ref, 30 g of glucose. “Values are reported as means + SEM, with a sample size of n = 19. ? Values are reported as means + SEM, with a sample

size of n = 14.
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Table 4 Blood glucose and serum insulin

Ref BG2 BG3 BG4
Test variable %A %A %A
Blood glucose
iPeak (mmol L) 3.24 +0.21% 2.69 +0.201° -16.91 2.79 + 0.21°° -13.66  2.32+0.16° -28.29
iAUC 0-60 min (mmol min L™") 109.2 +10.1* 89.2 + 9.7°° -18.32 93.9 +10.1%° -14.01 78.1 +6.2° -28.48
iAUC 0-120 min (mmol min L") 139.3 +18.1° 126.1 + 19.2% -9.48 144 + 14.9° 3.37 116.6 + 11.7° -16.29
iAUC 210-330 min (mmol min L") 192.4 +20.6" 185.3 + 20.0°" -3.69 158.8 + 15.4%° -17.46 145.6 + 17.1° —24.32
iAUC 0-330 min (mmol min L™") 290.4 +25.9% 278.6 + 33.8% —4.06 282.7 + 31.5% —2.65 244.1 + 24.4% —-15.94
Serum insulin
iPeak (nmol L") 0.21 + 0.031* 0.16 + 0.027°° —-24.36 0.15 + 0.019°° -31.17 0.11 + 0.012° -46.97
iAUC 0-60 (nmol min L™") 7.46 +1.19° 5.82 + 0.99°° —22.05 5.32 +0.75" —28.65 3.92 + 0.49° —47.40
iAUC 0-120 (nmol min L) 9.86 + 1.64% 7.29 + 1.15° —26.06  7.61+1.24% -22.82 5.45 +0.78° -44.77
iAUC 210-330 (nmol min L ™) 20.48 £ 2.55% 18.3 + 1.88°° -10.64 16.28 + 1.49" -20.51 15.62 + 1.51° -23.74
iAUC 0-330 (nmol min L) 29.94 +3.72° 24.19 + 2.72° -19.20 23.45 + 2.69" -21.68 20.09 + 2.15° -32.90

Values are reported as means + SEM, with a sample size of n = 19. Different superscript letters indicate statistically significant differences
between values in the same row, p < 0.05 (ANOVA, followed by Tukey’s test). BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose
plus 3 g of beta-glucan; BG4, 30 g of glucose plus 4 g of beta-glucan; and Ref, 30 g of glucose.

4 -
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= - BG3
(@)
£ -— BG2
g/ —— Ref
P
S >
=)

O
o O NN e
-1 1 1 1 1 1
0 60 120 180 é 240 300
Time (miny

Fig. 2

Incremental changes in blood glucose concentrations after consuming the breakfast test drinks and the subsequent standardised lunch

meal. Values are means + SEM and n = 19 healthy subjects. BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose plus 3 g of beta-
glucan; BG4, 30 g of glucose plus 4 g of beta-glucan; and Ref, 30 g of glucose.

standardised lunch are shown in Fig. 4 and 5 and summarized
in Table 4. The insulin iPeak was significantly reduced follow-
ing the consumption of the BG4 breakfast drinks compared to
the Ref breakfast drink. The iAUC 0-60 min following the con-
sumption of the BG3 and BG4 breakfast drinks was signifi-
cantly lower compared to the following consumption of the
Ref breakfast drink (P < 0.01). The iAUC 0-120 min following
the consumption of the BG2 and BG4 breakfast drinks was sig-
nificantly reduced compared to that following the consump-
tion of the Ref breakfast drink. After consumption of the stan-
dardised lunch (between 210 and 330 min), the iAUC was sig-
nificantly reduced with the BG3 and BG4 breakfast drinks
compared to the Ref breakfast drink (P < 0.05, Table 4 and
Fig. 4). The iAUC during the course of the entire investigation
(i.e., IAUC 0-330 min) was significantly lower after consuming
the BG2, BG3, and BG4 breakfast drinks compared to after
consuming the Ref breakfast drink (P < 0.05).

This journal is © The Royal Society of Chemistry 2025

Subjective appetite rating

Hunger. Fig. 6 shows the subjective scores for hunger follow-
ing the consumption of the breakfast test drinks and the sub-
sequent standardised lunch. During the entire period of inves-
tigation (0-330 min), the hunger AUC was significantly lower
for BG4 compared to Ref (P < 0.05). In addition, the 0-210 min
hunger AUC was significantly lower following the intake of
each BG containing test drink compared to the Ref breakfast
drink (P < 0.01). No significant differences were observed
between the test conditions in hunger in the 210-330 min
period following the consumption of the standardised lunch
meal.

Satiety. Fig. 7 shows the subjective scores for satiety follow-
ing consumption of the breakfast test drinks and the sub-
sequent standardised lunch. The BG4 breakfast drink resulted
in a greater subjective feeling of satiety compared to the Ref

Food Funct, 2025, 16, 4161-4171 | 4165
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Fig. 3 Incremental changes in blood glucose concentrations after consuming the standardised lunch meal. Values are means + SEM and n =

19 healthy subjects. BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose plus 3 g of beta-glucan; BG4, 30 g of glucose plus 4 g of

beta-glucan; and Ref, 30 g of glucose.
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Fig. 4
Values are means + SEM and n = 19 healthy subjects. BG2, glucose plus 2 g
4 g of beta-glucan; and Ref, glucose solution.

breakfast drink during the entire period of investigation
(0-330 min, P < 0.01). The 0-210 min AUC for satiety was sig-
nificantly greater with the BG3 (P < 0.01) and BG4 (P < 0.001)
breakfast drinks compared to the Ref breakfast drink (Fig. 7
and Table 5). No significant differences were observed between
the test conditions in the satiety AUC in the 210-330 min
period following the consumption of the standardised lunch
meal.

Desire to eat

Fig. 8 shows the subjective score for desire to eat following
consumption of the breakfast test drinks and the subsequent
standardised lunch. During the entire period of investigation

4166 | Food Funct, 2025, 16, 4161-4171

Incremental changes in serum insulin concentrations after consuming the breakfast test drinks and the subsequent standardised lunch meal.

of beta-glucan; BG3, glucose plus 3 g of beta-glucan; BG4, glucose plus

(0-330 min) and during 0-210 min, the desire to eat AUC after
consumption of each OBG breakfast drink was significantly
lower compared to that after consumption of the Ref breakfast
drink (P < 0.05). No significant differences were observed
between the test conditions in the desire to eat AUC in the
210-330 min following the consumption of the standardised
lunch meal (P > 0.05).

Discussion

The present study investigated the impact of OBGs on post-
prandial glycaemic responses acutely and following a standar-

This journal is © The Royal Society of Chemistry 2025
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Fig. 6 Changes in the hunger rating score after consuming the breakfast test drinks and the subsequent standardised lunch meal. Values are means
+ SEM and n = 14 healthy subjects. BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose plus 3 g of beta-glucan; BG4, 30 g of

glucose plus 4 g of beta-glucan; and Ref, glucose.

dised lunch meal in healthy young adults. One of the objec-
tives was to evaluate whether an OBG dose of less than 4 g of
OBGs per 30 g of avCHO improves postprandial glucose
responses. Following the intake of 4 g of OBGs per 30 g of
avCHO, there were several significant improvements relative to
the 30 g of glucose Ref, including in the blood glucose peak,
0-60 min iAUC, and 210-330 min iAUC as well as in the
insulin peak and 0-60 min, 0-120 min, 210-330 min, and
0-330 min insulin iAUCs. With doses of OBGs less than 4 g
per 30 g of avCHO, the results were also promising. Indeed,
with 3 g of OBGs per 30 g of avCHO, there were significant
reductions relative to the 30 g of glucose Ref in insulin iAUC
0-60 min, 210-330 min, and 0-330 min, with a near-signifi-

This journal is © The Royal Society of Chemistry 2025

cant reduction in the glucose iPeak (p = 0.09). With 2 g of
OBGs per 30 g of avCHO, there were significant reductions
relative to the 30 g of glucose Ref in glucose iPeak as well as
insulin iAUC 0-120 min and 0-330 min. These results thus
indicate the potential postprandial blood glucose reducing
effect of a dose of OBGs less than the 4 g per 30 g of avCHO sti-
pulated by the EFSA in their evaluation of the health claim.®
The acute postprandial effect of OBGs on the glucose
response was most significant in the early postprandial period
(IAUC 0-60 min). Thereafter, no significant effects on blood
glucose responses were detected following the consumption of
4 g of OBGs when the iAUC was calculated based on a 2 h post-
prandial period. The modulated postprandial blood glucose
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Table 5 Appetite rating score after breakfast and standardised lunch

Ref BG2 BG3 BG4

Test variable %A %A %A

Satiety, AUC 0-210 min (mm min) 6793 + 834 8000 + 905°° 17.76 8617 + 660°° 26.85 10109 +485° 48.81
Satiety, AUC 210-330 min (mm min) 7423 + 4207 6933 + 503" —6.60 7313 + 456" -1.48 7712 +431% 3.89
Satiety, AUC 0-330 min (mm min) 14215 £1107° 14930 + 1167° 5.03 15930 + 987" 12.06 17821 +713° 25.37
Hunger, AUC 0-210 min (mm min) 12933 +912° 11082 +1148° —14.31 10931+1062° —15.48 9592 + 1140° -25.83
Hunger, AUC 210-330 min (mm min) 3923 + 590 4062 + 611* 3.54 4213 + 552 7.39 3838 +622% -2.17
Hunger, AUC 0-330 min (mm min) 16856 + 1347* 15144 + 1646°> —10.16 15144 +1468°> —10.16 13429+1661° —20.33
Desire to eat, AUC 0-210 min (mm min) 13713 +823° 11277 +1157°  -17.76 11256 + 980° —17.92 9436 + 1065° -31.19
Desire to eat, AUC 210-330 min (mm min) 4463 + 508" 4099 + 629% —8.16 3944 + 572% —-11.63 3880 + 590% -13.06
Desire to eat, AUC 0-330 min (mm min) 18175+ 1182* 15370 +1667°  —15.43 15199 +1450° —16.37 13316 +1548° —26.73

Values are reported as means + SEM, with a sample size of n = 14. Different superscript letters indicate statistically significant differences
between values in the same row, p < 0.05 (ANOVA, followed by Tukey’s test). BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose
plus 3 g of beta-glucan; BG4, 30 g of glucose plus 4 g of beta-glucan; and Ref, 30 g of glucose.

excursion observed after OBG intake, ie. low iPeak but pro-
longed net increment of blood glucose concentrations above
the fasting values, is probably related to an increased viscosity
of the chyme, which decreases the gastric emptying rate and
the absorption of glucose in the small intestine.”>™* Such
appearance of the postprandial blood glucose profile has been
related to health benefits, both with respect to the lower blood
glucose peak, and also due to the prolonged net increment of
glucose, which potentially may increase insulin sensitivity at
the following meal."® It is noteworthy that the insulin response
was significantly reduced after all doses of OBGs during the
entire test period (IAUC 0-330 min), compared with the Ref,
which also constitutes an important metabolic benefit.

Our results extend the current knowledge regarding
improved glycaemic response after intake of 4 g of OBGs, by
showing that this quantity of OBGs also has the potential to
improve the glycaemic response after the forthcoming meal,
i.e. OBGs may induce a so-called “second meal effect” on

4168 | Food Funct., 2025, 16, 4161-4171

glucose tolerance. Maintaining tightly controlled blood
glucose concentrations over a prolonged period is vital, as it
can lead to a decreased risk of obesity, type 2 diabetes, and
cardiovascular diseases."”"®

An additional important property of OBGs observed in the
current study is their potential to enhance appetite regulation
towards a more satiating sensation and less postprandial
hunger, which may be used as a tool for the control of food
intake for reducing the risk of obesity. The more pronounced
and rapid decline in blood glucose following the consumption
of the reference drink induced transient postprandial hypogly-
cemia, a condition known to stimulate the release of appetite-
regulating hormones such as neuropeptide Y."® This mecha-
nism may partly explain the differences observed in appetite
sensations between the reference and OBG-containing test
drinks. Notably, previous research has reported a dose-depen-
dent increase in circulating PYY levels following OBG intake,
suggesting the potential role of OBGs in promoting satiety.*°

This journal is © The Royal Society of Chemistry 2025
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Fig. 8 Changes in the desire to eat rating score after consuming the breakfast test drinks and the subsequent standardised lunch meal. Values are
means + SEM and n = 14 healthy subjects. BG2, 30 g of glucose plus 2 g of beta-glucan; BG3, 30 g of glucose plus 3 g of beta-glucan; BG4, 30 g of

glucose plus 4 g of beta-glucan; and Ref, 30 g of glucose.

The sustained glycaemic response observed with OBGs may
thus contribute to appetite regulation by reducing the magni-
tude of glucose-insulin fluctuations that are known to drive
hunger and subsequent food intake. This observation is in
agreement with previous reports describing similar effects on
appetite traits after OBG consumption.”"** Qur study adds to
the current knowledge by demonstrating a prolonged effect of
OBGs on appetite sensations, i.e. OBGs have the potential to
improve appetite sensations also after a forthcoming meal.

The present study aligns with the current evidence
suggesting the incorporation of OBGs into carbohydrate-rich
meals as a means to reduce glycaemic and insulinaemic
responses in the acute postprandial period.” The magnitude of
glycaemia reduction observed is consistent with the dose-
dependent manner outlined in previous systematic reviews
and meta-analyses.>*** The molecular weight (MW) of OBGs
is a significant modifier of its postprandial glycemia-lowering
efficacy, with MW exceeding 300 kDa being effective.”* The
MW of the OBG preparation used herein was 800 kDa.
According to a recent meta-analysis,” a 2.2 g dose of OBGs in
the 300-1000 kDa range should result in a reduced acute
blood glucose response. Our results indicate that the reduction
of acute glucose iPeak was possible even with a lower dose of
OBGs (2 g).

The glycaemic response reduction by OBGs is not only
dependent on the dose and molecular weight of the prepa-
ration tested, but it is also influenced by the type and nature
of the food matrix ingested.”"*® It has been reported that
incorporation of BGs in a solid matrix modulates the glycae-
mic response more effectively than when it is present in a
liquid matrix.>> Perhaps the liquid matrix in the present study
was one factor contributing to the lack of statistical difference
between all-test drinks and Ref in glucose iAUC during
0-120 min.

This journal is © The Royal Society of Chemistry 2025

Data regarding the metabolic effects of OBGs on a second
meal consumed after approximately 3-4 h are scarce. It is note-
worthy that the few studies looking at the impact of BGs on
the second meal glycaemic tolerance have investigated the
effects of BGs when they are included in a matrix of whole
grain or refined barley flour. Matsuoka et al. found that the
second meal glycaemic tolerance was significantly improved
4 h after consuming refined barley flour bread containing
2.5 g of BBGs compared to a refined wheat flour bread, in
healthy Japanese adults.”® In addition, Fukuhara et al. found
that when white rice was combined with refined barley kernels
for the first meal, the postprandial blood glucose concen-
tration was lower after both the first and second meals in an
intervention including eighteen healthy Japanese partici-
pants.”” Nilsson et al. reported that choosing a specific low-gly-
caemic index whole-grain cereal (rye or barley kernels) meal
has the potential to enhance glucose tolerance throughout
subsequent meals over the span of a whole day."°

The mechanisms underlying the second meal effect on
glucose tolerance in the 5.5 h perspective are not fully under-
stood but, as discussed above, an improved insulin sensitivity
due to a more favourable postprandial glucose excursion may
be partly involved.”® Furthermore, it is possible that parts of
the OBGs have entered the colon within this time frame, pro-
viding a substrate for bacterial fermentation. As other soluble
components of dietary fibre, OBGs are metabolized by the gut
bacteria into short chain fatty acids, which have been shown to
stimulate the secretion of gut hormones, e.g. peptide YY (PYY)
and glucagon-like peptide-1 (GLP-1), hormones that play an
important role in glycaemic and appetite regulation.>®*°

The limitations of our study include the relatively small
sample size for appetite variables and the short-term nature of
the interventions. Moreover, it would be interesting to investi-
gate additional variables that could provide deeper insights
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into the mechanisms behind the observed effects. It would
thus be fruitful to examine variables such as the gut hormones
GLP-1 and PYY. Further research with larger cohorts and
longer intervention periods is imperative to substantiate the
long-term benefits of OBGs on glycaemic control and appetite
regulation, and to elucidate the underlying mechanisms
driving the observed effects.

Conclusion

Our study demonstrates that the intake of 4 g of OBGs per 30 g
of avCHO led to improved postprandial glucose tolerance after
a second meal. Notably, we observed a significant reduction in
acute postprandial glucose peaks with 2 g of OBGs, as well as
several significant improvements in the insulin iAUC with 2 or
3 g of OBGs per 30 g of avCHO, suggesting the effectiveness of
OBGs at lower doses than the current EFSA recommendation
of 4 g per 30 g of avCHO. Additionally, OBGs showed potential
to enhance satiety and reduce postprandial hunger, which may
be important tools for controlling food intake, thereby contri-
buting to reduced risks of obesity, type 2 diabetes, and cardio-
vascular diseases.
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