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Oat p-glucan increases postprandial cholecystokinin
levels, decreases insulin response and extends
subjective satiety in overweight subjects
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This study recorded acute biochemical and subjective measures of satiety, followed by energy intake
from a subsequent meal, after varying doses of B-glucan in extruded breakfast cereals. Molecular
weight, solubility and viscosity of B-glucan products were determined. Seven male and seven female
subjects (BMI 25-36 kg/m) consumed five breakfasts (different doses of B-glucan sourced from two
different technological processes) and dietary intake was measured after four hours. Blood was col-
lected to measure glucose, insulin, ghrelin and cholecystokinin, and visual analogue scales measured
subjective satiety. Molecular weight, solubility and viscosity indicated products were likely to
increase luminal viscosity. B-Glucan was found to decrease insulin secretion over 2 h (RMANOVA,
p=0.011) in a dose responsive manner from 2.16 to 5.68 g per serving (p = 0.007). Cholecystokinin
levels increased linearly over the same range of B-glucan concentrations (p = 0.002) in women. Sub-
jective satiety was increased at a B-glucan dose of 2.2 g (p=0.039). Subsequent meal intake
decreased by greater than 400 kJ with higher B-glucan dose (>5 g). B-Glucan improves satiety and
release of cholecystokinin is likely to be part of the mechanism. Products with different sources of
B-glucan provide similar benefits but each product requires individual testing.
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1 Introduction

Numerous studies identify the potential weight control ben-
efits of diets high in fibre. Epidemiological evidence links
fibre intakes inversely to population levels of overweight
and obesity [1], leanness in individuals with higher fibre
intake [2] and obese individuals with lower fibre intakes [3,
4]. Prospective studies also show that consumption of
whole grains is inversely related to weight gain over time
[5, 6]. Dietary studies usually identify benefits associated
with fibre and/or whole grains and postulate mechanisms
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i  InterScience’

related to ingestion, digestion and hormones associated
with feelings of satiety. Identification of the mechanism by
which fibre intake acts acutely, may help establish theoreti-
cal positions for undertaking longer-term weight reduction
intervention trials.

Oats contain the soluble fibre (1 — 3)(1 — 4)-B-D-glu-
can (B-glucan). Soluble fibres, such as B-glucan, influence
appetite by chemical and physical properties (particularly
their bulking action), and increase viscosity in the gastroin-
testinal tract [7]. B-Glucan improves glucose and insulin
control [8], yet a higher insulinaemic response may increase
feelings of fullness when subjects are given a set amount of
carbohydrate [9]. Any reduction in appetite or intake after
ingestion of B-glucan must occur in spite of a lowered insu-
lin response.

Few studies have measured appetite hormones in relation
to B-glucan consumption. However, fibre appears to pro-
long cholecystokinin (CCK) elevation after a meal, which
should result in prolonged satiety [10]. Other hormones
such as ghrelin, stimulate food intake [11]. There is a pre-
meal rise in ghrelin [12], which then decreases on cessation
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Table 1. Proximate analysis of test meals
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Composition variable Control® Oatwell LBG® Oatwell MBG? Oatwell HBGOY HBGX®
Cereal (9) 39 45 45 45 45
Carbohydrate polymer (g) - - 4 8 3
Protein powder (g) 3 2 1 - 3
B-Glucan (g/serving) - 2.16 3.82 5.45 5.65
2% Fat milk (mL) 200 200 200 200 200
total protein (g) 13.3 13.4 13.4 13.5 13.0
Total fat (g) 3.2 3.6 3.8 4.0 3.6
Available carbohydrate (g) 43.6 43.2 42.9 42.6 43.3
Total fibre () 1.2 3.7 6.7 9.7 7.8
Energy (kJ) 1080 1098 1106 1115 1157

a) Ingredients: Corn (90%), sugar, barley malt extract, salt, vitamins and minerals.
b) Ingredients: Maize flour, B-glucan source, maltodextrin, sugar, calcium carbonate, bicarbonate soda, salt. LBG, MBG, HBGO (all

containing OatWell), HBGX.

of fasting. A food which could limit elevation of ghrelin
either absolutely or via delay of elevation, would be of
interest to appetite and obesity investigators.

It is recognized that variability in processing of oats, oat
fibre concentrates, and products delivering the B-glucan
dose alters key parameters, especially solubility and viscos-
ity [13] which contribute to B-glucan functionality. These
parameters have a key role to invoke the mechanism of cho-
lesterol lowering by B-glucan, and therefore most likely the
mechanisms of satiety. Any investigation of satiety effects
of B-glucan must measure concentration, solubility, viscos-
ity and molecular weight (MW), to ensure the integrity of
the B-glucan products used.

This study used an acute meal test to identify (i) acute
satiety effects of B-glucan in extruded breakfast cereal
foods; (ii) the dose responsiveness of these effects and (iii)
any differences which may exist in the acute effects of 8-
glucan concentrated by different processes. To ensure the
integrity and clearly characterize the B-glucan used in the
study, concentration, solubility, viscosity and MW within
the test food was also measured.

2 Materials and methods

2.1 Subjects

Overweight subjects aged 19—45 years (BMI range from
25-36kg/m?) were sought by paid advertisement. Smokers
and those with known food allergies were excluded. Female
subjects were tested within the follicular phase of their
menstrual cycle. Height, weight, waist circumference and
percentage body fat (Tanita Scales Model no. UM-019)
were recorded. A diet history and three-day weighed food
records were collected to design familiar meals within the
subject's taste preferences. Twenty-four hour dietary recalls
were collected for the day prior to each study visit. Subjects
were instructed to fast for a minimum of 10 h prior to pre-
sentation for study appointments. The study was approved
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by the University of Wollongong Human Research Ethics
Committee, application no. HE06/123.

2.2 Test foods

Subjects consumed five different breakfast meals (Table 1)
on five occasions after overnight fast with a minimum of
three days between visits. Meals consisted of a bowl of
cereal served with 200 mL reduced-fat milk and a glass of
water. The test cereals were a corn-based control cereal,
three cereals with varying levels of B-glucan (low--glucan
dose (LBG), mid-B-glucan dose -(MBG) and high B-glucan
dose (HBGO)) sourced from OatWell™ (CreaNutrition,
Switzerland), an oat bran with high B-glucan content and
one cereal with an oat B-glucan concentrate (52.02% B-glu-
can) produced by an ethanolic extraction process (high
B-glucan dose containing extracted B-glucan (HBGX)).
HBGO and HBGX were designed to have similar -glucan
contents. Extruded test cereals were formulated from oat
flour, maize flour, sugar, maltodextrin, sodium bicarbonate,
salt, water and the B-glucan ingredient. An APV-MPF50
twin-screw extruder (Baker Perkins Inc, MI) was used. To
complete the test breakfast, available carbohydrates and
proteins were matched by dissolving glucose polymer
(Poly-Joule®, Nutricia, Australasia) and protein powder
(Beneprotein®, Novartis, United States) in the milk.

Total B-glucan was measured by the method of McCleary
and Glennie-Holmes [14] using a kit from Megazyme
(Megazyme International, Ireland). The pB-glucan was
extracted at 37°C following an in vitro digestion protocol
[15]. Viscosity of the extract was determined using a con-
trolled strain rheometer (TA Instruments, NJ) and apparent
viscosity at 30 s was reported. For the HBGX ingredient,
the B-glucan content was too high to allow 5g to be
hydrated in 100 mL of buffer, so a 2 g sample was used.
The concentration of B-glucan was determined by flow
injection analysis following the method of Jergensen [16].
MW of B-glucan was determined by size exclusion HPLC
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[17] except that the columns were Shodex OHpak KB806M
and Waters Ultrahydrogel (Waters, Milford, MA). Moisture
was determined by drying a weighed sample in a vacuum
oven at 80°C for 5 h and measuring weight loss.

2.2.1 Appetite markers and measures

On arrival at the clinical laboratory, subjects had a cannula
inserted into the forearm and initial fasting blood samples
were collected. The subject then ate one of the five test
breakfast meals within a 10-min period. Fifteen minutes
after completion of this meal, further samples were taken.
Blood samples were then collected at 30, 60, 120, 180 and
240 min from completion of the meal. Glucose (Glucose
hexokinase method, Roche Diagnostics, Australia) and
insulin (Electrochemluminescence method, Roche Diag-
nostics, Australia) analyses were performed at an accredited
pathology laboratory. Collection, preparation and analysis
for ghrelin and CCK were according to standard protocols
for the respective assays. Ghrelin analysis used Linco
Research™ ELISA (EZGAC-86K) for measurement of the
active octanoyl-modified ghrelin. Phoenix Peptides™ RIA
(RK-069-04) for CCK octapeptide (CCK 26-33) was used
on extracted peptides.

At each of the described time-points for blood collection,
subjects completed a four question visual analogue scale
(VAS) related to appetite adapted from Flint e al. [18]. The
current study used the questions—How hungry do you feel?
How satisfied do you feel? How full do you feel? How
much do you think you can eat? Subjects recorded their
feelings on individual forms and results along each line
were measured in millimetres on a 100 mm scale. Partici-
pants were also asked to complete the ‘“Three-Factor Eating
Questionnaire’ [19] to determine any presence of restrictive
eating in normal eating behaviours. Four hours after com-
pletion of breakfast, a buffet lunch was served, consisting of
sandwiches (cut into bite-size pieces), dried fruit, nuts,
yoghurt and juice (totalling approximately 7500 kJ—50%
carbohydrate, 20% protein and 30% fat). Foods were
weighed or measured before the meal and at completion.

2.2.2 Statistical analysis

Previous studies identified that to detect biochemical differ-
ences, as few as seven subjects of each sex may be sufficient
[10], while 18 subjects should identify statistically signifi-
cant changes using a paired design and a study power of 0.8
if VAS ratings vary by at least 5 mm [18]. Using a repeated
measures design would decrease this to as few as 8 subjects
[20]. A target of 15—18 subjects was set for recruitment
based on these studies. Results for blood analysis, VAS val-
ues and second-meal dietary intake were entered into SPSS
for windows, Version 15.0 and trapezoidal area under the
curve (AUC) where values were corrected for baseline but
areas below the baseline were also subtracted (netAUC as
described by Wolever) [21]. Data was analysed for individ-
ual and combined sexes as past studies have identified
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some differences between sexes [10]. AUC differences in
glucose, insulin, CCK, ghrelin and VAS results between the
breakfasts were identified using repeated measures analysis
of variance (RMANOVA) with post-hoc Bonferroni adjust-
ments. For meal intake values, RMANOVA of kilojoules
consumed was performed. Student's #-test was used to make
comparisons between test meals. Regression analysis ana-
lysed relationships between dose, biochemical, subjective
and meal intake data and 24 h dietary recalls. Biochemical
results corrected for baseline and peak values were
reviewed. VAS data from individual questions as well as the
sum of four questions (converted from a measure of fullness
to hunger where necessary) were analysed using RMA-
NOVA of AUC.

3 Results

3.1 Subjects

A total of 41 subjects were screened, with 17 recruited and
3 withdrawals due to time constraints. Seven male and
seven female subjects were aged 29—45 years (mean 38.7
years) with an average BMI of 29.6 kg/m* (25.2-36.6
kg/m?). Average waist circumference was 76.0 cm = 11.2
with body fat 34.7 + 6.0%. Average fasting glucose was
4.2 + 0.9 mmol/L with fasting insulin 9.5 + 5.4 mU/L (0.4—
24.4 mU/L). Two individuals demonstrated elevated fasting
insulin and overall hyperinsulinaemia. Data related to glu-
cose metabolism was reviewed including and excluding
these subjects. Results from the ‘Three Factor Eating Ques-
tionnaire’ indicated the absence of restrained eaters
amongst study subjects.

3.2 Test food analysis

Results for analyses of test foods for total B-glucan content,
solubility, viscosity and MW are detailed in Table 2. There
was a slight decrease in peak MW with increase in concen-
tration of B-glucan. Size exclusion chromatography shows
the shift in the distribution of MW as the -glucan concen-
tration was increased (Fig. 1). As the dose was increased,
the peak became narrower, resulting in a gradual shift of the
peak. However, the MW of the B-glucan would still be con-
sidered high enough to ensure functionality (>10 00 000
g/mol) [22]. To estimate the effect of B-glucan on luminal
viscosity, an in vitro digestion protocol was used. The cereal
was treated sequentially with amylase (pH 6.9), pepsin (at
pH 2) and pancreatin (at pH 6.9) at 37°C. In the HBGX
cereal, solubility of B-glucan was much higher than in the
ingredient (72 vs. 39%) and comparable to the solubility of
B-glucan in all cereals made with Oatwell (CreaNutrition,
68—-78%). As expected, soluble B-glucan concentration
correlated (R*= 0.95) with viscosity of the extract. Concen-
tration strongly influenced viscosity, with doubling of con-
centration resulting in a 15-fold increase in viscosity.
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Table 2. Physico-chemical characteristics of -glucan in test meals
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Name of test food Moisture (%) Total B-glucan Soluble B-glucan®  Viscosity of extract MW
(% dwb) (% dwb) (mPa.s) (g/mol)

Oatwell oat bran® 4.09 21.03 13.09 766 1689 000
Extracted B-glucan® 6.55 52.02 20.36 5329 1513 000
LBG 4.65 5.04 3.42 5.8 1681 000
MBG 4.91 8.92 6.96 32.0 1378 000
HBGO 4.09 12.62 8.89 76.6 1213000
HBGX 3.83 13.05 9.37 84.8 1222 000

Grams of extractable B-glucan per 100 g of ingredient or cereal.

Raw ingredients

a)

b) Peak MW.

c)

d) Viscosity of extract from 2 g; other samples were 5 g.

150

N
o
S

Response (mV)

5.0 16.0 15.0 2(I).0 25.0
Retention Volume (mL)

Figure 1. Size exclusion chromatograms of B-glucan MW in
the in vitro extracts. Peaks represent the distribution of B-glu-
can MW in, from top to bottom, OatWell (CreaNutrition) oat
bran (raw ingredient), LBG, MBG and HBGO. (Peak heights
were adjusted to allow better comparison and do not reflect
concentration in the original extract.)

3.3 Baseline measurements

Dietary recalls for the 24 h prior to each visit, averaged
9428 kJ (3623—1 6845 kJ). Female average intake was
7428 kJ and for males 11 426 kJ. As expected, regression
analysis indicated some contribution of total energy intake
consumed in the previous 24 h to the prediction of total

lunchtime intake (R?>=0.132, p =0.002). No relationship
was identified between the 24 h recalls and baseline meas-
urements of individual VAS questions or the combined
questions, fasting insulin, glucose or ghrelin levels. A rela-
tionship (p =0.018) was identified between 24 h energy
intake data and fasting CCK but this prediction was
extremely weak (R*= 0.08).

3.4 Clinical indices

Insulin AUC data corrected for baseline indicated a signifi-
cant difference between responses over the first 2 h
(p =0.011) using RMANOVA (Table 3). Regression anal-
ysis comparing soluble and total B-glucan to 2 h AUC insu-
lin, showed significant inverse relationships with R>= 0.95
(p =0.005) and R*>=0.97 (p =0.007) respectively. When
the control meal was compared to each individual dose
using a t-test, significant results were noted for the MBG
(»=0.029), HBGO (p=0.021) and HBGX doses
(p = 0.014). Removing results for subjects with hyperinsuli-
naemia showed improvement in insulin response for the
LBG dose (Table 3).

No significant differences were found with insulin
reviewed over 4 h (Table 3), although the same trend existed
with decrease in insulin with increase in fibre. Raw data for

Table 3. Post prandial insulin (mU/L X min) responses for 2 and 4 h for all subjects and excluding subjects with obvious hyperinsuli-

naemia.
Meal/Dose Insulin AUC (0—-2 h) Insulin AUC (0—-2 h) Insulin AUC (0—4 h) Insulin AUC (0—4 h)
all subjects? excluding subjects with all subjects excluding subjects with
hyperinsulinaemia® hyperinsulinaemia
N Mean = SD N Mean = SD N Mean = SD N Mean + SD

Control 14 3559 + 1478 12 3179+ 1107 14 45111914 12 4016 = 1459
LBG 14 3643 = 1926 12 3079 + 1332 14 4801 = 2794 12 3990 = 1962
MBG 14 3072%+ 1432 12 2628 + 903 14 4351 + 2395 12 3683 = 1706
HBGO 14 2952% + 1664 12 24319+ 1079 14 4085 = 2348 12 3353 = 1543
HBGX 14 2959” + 1533 12 24719 + 944 14 4247 + 2484 12 3514 = 1652

a) RMANOVA p < 0.05 for overall analysis.

b) p<0.05 for t-test comparison with control dose of fibre.

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 4. Post prandial glucose (mmol/L X min), ghrelin (pg/mL X min) and CCK (pg/mL X min) responses

Meal/Dose Glucose AUC Ghrelin AUC CCK AUC combined sexes CCKAUC
(0-2h) (0-4h) (n=14) female (n=7)?
N Mean = SD N Mean = SD N Mean = SD N Mean = SD
Control 14 505 + 142 12 5320 + 2850 14 3052 + 1451 7 22131227
LBG 14 493 + 96 12 3860 + 3217 14 3455+ 1708 7 2670+ 796
MBG 14 505 + 83 12 5300 = 4428 14 3680 + 1652 7 3061 = 960
HBGO 14 488 = 109 12 5041 + 3007 14 3831+ 1872 7 3190 = 1049
HBGX 14 493 + 101 12 4408 + 3724 14 3814 + 1800 7 3478 + 1289
a) RMANOVA p < 0.05 for overall analysis.
504 a 609 b
-~ control -e- control
4 = 5.57
40 -*- HBGO 3 - HBGO Figure 2. (a) Postprandial insulin
2 30 E 5.0 responses for control and high B-glu-
% g can (>5 g) cereal sourced from Oat-
2 20+ g 457 Well (CreaNutrition) for subjects
- g without obvious hyperinsulinaemia.
10 4.04 (b) Postprandial glucose responses
35 for control and high B-glucan (>5 g)
5 % e 130 %0 2k T 0 15 30 60 120 180 240  cereal sourced from OatWell (Crea-
Time (minutes) Time (minutes) Nutrition).
post-prandial insulin responses for subjects (without hyper- 7000 :
. . . . . @ Combined
insulinaemia) consuming the control and HBGO meals is = Male
. R o . 6000
depicted in Fig. 2a. No analyses showed any significant dif- g W Female
ference between the two HBG meals. 3 5000
Raw data for post-prandial glucose responses is depicted 2 E
in Fig. 2b showing minimal differences between even the 5 5 4000
control and HBGO dose. There were no significant differ- EL 3000
ences in glycaemic responses between test meals. This P E,
included analyses using RMANOVA of AUC data (Table 4) 5 %2000
and comparison of peak glucose responses. Calculation of 9
incremental AUC (method of Wolever e al. [23]) also 1000
showed no statistical difference. 0
Control LBG MBG HBGO HBGX

RMANOVA of AUC for ghrelin showed no significant
results (Table 4). RMANOVA of AUC for CCK trended
towards a dose relationship (p = 0.11) (Fig. 3). When data
for each sex was analysed separately, this relationship was
significant for women (p = 0.048) but not men (p = 0.691)
(Fig. 3 and Table 4). No significant differences were noted
between HBGO and HBGX.

A dose response for CCK was noted (Table 4). Regres-
sion analysis for the dose of soluble or total B-glucan com-
pared to the CCK responses identified significant relation-
ships (R>=0.97, p = 0.002 for both). Student's z-test com-
paring the control meal to fibre doses identified results
approaching significance for the combined sexes for MBG,
HBGO and HBGX doses (p =0.062, 0.071 and 0.063
respectively). When only female results are reviewed, the
same doses produced significantly different results to the
control (»p = 0.036, 0.032, 0.006 respectively). No differen-
ces were identified between HBGO and HBGX for com-
bined sexes or for women alone.

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

Dose and Source of Fibre

Figure 3. CCK response to various levels of B-glucan (com-
bined sexes n=14; male, n=7 and female, n=7).

3.5 Subjective satiety

Responses to individual VAS questions (Table 5) for vary-
ing OatWell (CreaNutrition) doses showed significant var-
iation for Question 3 (How full do you feel?) (»p =0.017,
RMANOVA for AUC). Other questions approached a sig-
nificance level of 0.05 (p=0.071, 0.101 and 0.099 for
Questions 1, 2 and 4 respectively). Pairwise comparisons
using Bonferroni adjustments indicated differences primar-
ily between the control and all doses of fibre. Comparison
between HBGO and HBGX responses showed some varia-
tions. Question 3 showed a difference (p =0.013), where
the HBGO product appeared to make participants feel more
full. Data for all other questions showed a similar trend of
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Table 5. VASs score for area under the curve over 4 h, AUC (mean = SD)

Control LBG MBG HBGO HBGX

Question 1 How hungry do you 13 600 + 3900 11 100 = 4500 11 420 = 4080 10660 = 5180 11 700 = 3840
feel?
Question 2 How satisfied do you 9 350 = 4630 11 400 = 5060 10 750 = 4400 11 530 = 6080 10440=5110
feel?
Question 3% How fulldo you feel? 8 600 + 4690 11470+ 5310 10480 = 4750 11 460 = 6540 9630 = 5320
Question 4 How much couldyou 15000 + 4100 13230+ 4730 12 840 + 4440 13 350 + 5090 13 530 + 4560
eat?
Combined?® (Q2 & Q3 reversed) 5864016580 49510+19150 51030+16480 49020x22310 5317017920
a) RMANOVA p<0.05.

7000 -~ meals. Student's #-test analyses showed significant differ-

EM::Zbl:tZi o ence between the control and HBGX groups’ meals

6000 W Female Intake (p =0.033) and approaching significance for comparison
3 5000 between the control and HBGO groups’ meals (p = 0.097).
E No gender/fibre interaction could be identified. However,
£ 4000 results for males showed a drop in intake between the con-
% 3000 trol and all doses of B-glucan, while the female response
5 was more attenuated, more evenly decreasing with increase

2000 in fibre dose (Fig. 4).

1000

oL 4 Discussion

Control LBG MBG HBGO HBGX
Dose and Source of Fibre

Figure 4. Average (n=14) energy intake at lunch meal for
males, females and combined sexes.

increased satiety with HBGO, but no significant results
were noted (Question 1, p =0.263; Question 2, p =0.101;
Question 4, p = 0.794).

When the responses to questions were analysed as a sin-
gle response (a measure of hunger with Questions 2 and 3
responses reversed), an overall effect was noted using
RMANOVA (p = 0.039). Pairwise comparisons showed no
difference between fibre doses (LBG, MBG and HBGO)
but the overall effect resulted from differences between the
control and all other fibre doses. No gender effect was
noted. RMANOVA of the two HBG doses showed less hun-
ger/greater fullness with the OatWell (CreaNutrition) prod-
uct but this only tended towards significance (p = 0.085).
Student's #-test analyses of the control meal compared to
other doses showed differences between the control and all
OatWell (CreaNutrition) doses (p =0.013, 0.026, 0.015,
0.086 for LBG, MBG, HBGO and HBGX respectively).

3.6 Second meal intake data

RMANOVA of lunch energy intake data showed non-signif-
icant results (p = 0.22) although the trend was as expected
(Fig. 4). Overall, the lunch time energy difference between
the control and HBGO meal was 460 kJ. Less than 40 kJ
difference was noted between the HBGO and the HBGX

© 2009 WILEY-VCH Verlag GmbH & Co. KGaA, Weinheim

The current study combined a variety of measures for appe-
tite and satiety within a single experimental design. Content
analysis of the organoleptically acceptable products found
that B-glucan was stable to the extrusion processes and
maintained characteristics for attributable metabolic
effects. MW remained high, with good water solubility at
body temperature, ensuring maximum viscosity within the
aqueous gut environment. Variability in the cholesterol-
lowering action of B-glucan has been attributed to low MW
or viscosity after certain forms of processing [24, 25].

The decrease in MW noted with increasing B-glucan is
most likely secondary to the heat generated during extru-
sion. The more viscous the raw ingredients (higher concen-
trations of B-glucan) the slower the flow rate through the
extruder and the greater the likelihood of heat degradation
during processing. However, if these results are compared
to others utilizing a variety of processing techniques [25]
extrusion still compares favourably. As the proportion of -
glucan in the cereal increased, the solubility of the B-glucan
also increased, probably as a result of increased pressure in
the extruder. Therefore, the increase in solubility, more than
made up for the decrease in MW and the overall viscosity in
the in vitro extract actually increased as the B-glucan dose
increased. It will always be critical to measure parameters
such as MW, viscosity and solubility in a new product but it
would seem extrusion is acceptable downstream processing
for B-glucan products.

Previous research using VAS suggests no need to stand-
ardize meals prior to meal-tests [18]. This was confirmed
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here, where no true correlations were found between 24 h
recall data prior to testing and fasting VAS scores, ghrelin
or CCK. This does not mean that fasting measures of these
scores or hormones are unrelated to longer-term dietary
behaviours, particularly as these behaviours impact on
weight control.

A range of soluble fibres, including B-glucan have been
shown to improve glycaemic responses [8, 26], with each
gram of B-glucan found to decrease glycaemic index by
four units [8]. The food vehicle, however, may be impor-
tant. Studies have found that high doses of B-glucan (>5 g)
in pasta [27] and in rye bread [28] did not improve glycae-
mic responses. B-Glucan depolymerization has been shown
to increase during processing of pasta and bread [25]. How-
ever, B-glucan from barley, served as a hot cereal, produced
a significant decrease in glucose with only 2 g of B-glucan
in women [29]. All of the test meals here produced blunted
glucose responses when compared to a similar study [30]. It
was expected that the 43 g of available carbohydrate here
would produce a greater elevation in blood glucose from
baseline, particularly in the overweight/obese study sample.
The small response for the control was unexpected but the
overall low energy content of test meals may have made dif-
ferentiation between meals difficult. It is also recognized
that venous sampling of blood glucose results in more atte-
nuated responses compared to capillary samples [31].

Regardless of glucose response, the observation of
decreased insulin release was a positive outcome, possibly
through delayed rate of glucose delivery or specifically
through actions of CCK [32]. The role of hyperinsulinaemia
in the development of obesity or indeed hyperinsulinaemia
as a consequence of obesity may be multifactorial. Karpe
and Tan [33] argue that hyperinsulinaemia may lead to lip-
olytic inhibition in adipose tissue; so any ingredient which
decreases insulin secretion is helpful in minimizing obe-
sity-promoting effects. This is particularly promising, given
that other authors have demonstrated increased insulin
responses with dairy products (included here with our
cereal), yet increasing doses of B-glucan still produced low-
ered insulin responses [34]. Our results indicated a dose
response to B-glucan with a dose greater than 3 g demon-
strating a consistent decrease in insulin secretion. This is
consistent with other recently published data identifying a
dose of 4g B-glucan was necessary to show insulin
decreases [35]. Differences in insulin results for subjects
with hyperinsulinaemia indicate that future studies should
examine glucose, insulin and appetite responses in subjects
with and without insulin resistance. Given the trend of insu-
lin responses over four hours, it is likely that greater subject
numbers would have also shown a significant difference
over the longer time frame.

A decrease in ghrelin is associated with food intake, but
here the B-glucan did not suppress ghrelin secretion in a
dose responsive manner. Other studies [36] investigated the
effect of insoluble wheat and insoluble oat fibres on secre-
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tion of ghrelin. The oat-fibre bread showed no decrease in
ghrelin compared to controls. It would seem that both the
insoluble fibre [36] and the soluble fibre used in this study
do not alter ghrelin secretion at the levels provided.

The dose-response relationship between B-glucan and
CCK in our study demonstrates a possible mechanism of
satiety associated with increase in fibre intake. The link
between fibre and CCK secretion has been previously
established [10, 37]. The greater sensitivity in females com-
pared to males is also consistent with the literature [10, 38]
and use of fibre in foods targeted specifically at increasing
satiety in women may be justified. The effective dose of
close to 4 g demonstrated here is consistent with advice
from Malkki and Virtanen [39] relating to gastrointestinal
effects of oat bran. Given the #-test results for males were
close to significant, and the overall RMANOVA for com-
bined sexes shows increasing CCK with fibre close to sig-
nificance (p = 0.110), it is likely that greater subject num-
bers would have allowed elucidation of the precise level of
B-glucan required to show CCK differences in men, and a
subject group of combined sexes.

Overall the VAS scores to rate hunger/appetite indicate
that even relatively low doses of B-glucan (>2 g) will give a
decreased feeling of hunger. Of interest is the marginal dif-
ferences identified between the OatWell (CreaNutrition)
and the extracted B-glucan HBG meals. While biochemical
and subjective measures, measure different things, the
majority of results here support higher B-glucan improving
all markers and measures of satiety, and it is only the VAS
results for the HBGX fibre here which are inconsistent.

The wide variety of factors affecting meal intake [40]
may limit the ability of small studies to identify differences
in dietary intake related to a single nutrient. Our study
manipulated nutrient composition of meals to focus on the
effect of fibre and in particular oat B-glucan as a variable in
appetite control, but wide SDs (up to 29% in males) may
have diluted results. Based on the differences in energy
intake in this study a sample size of 37 would be required
for this result to reach statistical significance in a paired
design (80% power, alpha 0.05). Although overall the
RMANOVA of results was not significant, post-hoc z-test
analysis indicated differences with the HBGX (p < 0.05)
and perhaps the HBGO (p < 0.1) meals. The fact that female
intake produced flat responses demonstrates that large
numbers of females would be required to demonstrate dif-
ferences and, that other factors may attenuate intake. In par-
ticular, the widely held social belief that women are more
likely to show restraint in a buffet situation (regardless of
appetite) may be demonstrated here.

The kilojoule difference between control and HBG doses
may not show statistical significance, but the absolute dif-
ference of greater than 400 kJ at a single meal is of clinical
significance if these results could be repeated in a more
powerful study. Future studies should record intake over the
entire day. If no compensatory intake took place later in the
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day, the difference would equate to a 100 g weight loss each
week if maintained daily.

Overall, the use of B-glucan in foods with a target market
of individuals wishing to maintain or lose weight through
appetite control is justified. Appetite suppressants such as
CCK are released in response to B-glucan at a minimum
dose of approximately 3.8 g. Subjective ratings of hunger
are improved at a minimum dose of 2.2 g of B-glucan. Insu-
lin responses relevant to the development of Type 2 diabetes
are significantly decreased at a dose of at least 3.8 g of
B-glucan. Although minor differences may exist in the clin-
ical effectiveness of B-glucan, either when extracted or
from oat bran as in OatWell (CreaNutrition), both show
favourable results. However, variation in results between
foods tested here and in other studies, necessitates individ-
ual testing of all B-glucan products.
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