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Short-Term Satiety and Glycemic Response
After Consumption of Whole Grains
with Various Amounts of 3-Glucan
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ABSTRACT

The effects of a meal with and without soluble dietary fiber in the form of -glucan on short-
term satiety and glucose response were investigated in 19 overweight subjects. Subjects con-
sumed four isocaloric test meals consisting of a glucose solution or wheat (0 g of B-glucan), a
wheat-barley mixture (1 g of B-glucan), or barley (2 g of B-glucan) served as cooked cereal with
low-fat strawberry yogurt. Subjects used visual analog scales (VAS) to rate their hunger, full-
ness, satisfaction, thirst, nausea, and drowsiness at timed intervals before and after consumption
of each test meal. Blood glucose was measured periodically, and energy intake was recorded 2 hr
after consumption of each test meal. In women peak glucose responses and area under the curve
were significantly lower after consumption of 2 g of -glucan compared with consumption of 0
or 1 g of B-glucan. VAS ratings did not significantly differ among cereals. In men no effect of f3-
glucan on glucose response was observed, and B-glucan had only a marginal effect on VAS rat-
ings. Energy intake was not affected by -glucan level in either women or men. The findings in-
dicate that acute reduction of glycemic response in overweight women requires the consumption
of at least 2 g of B-glucan per meal, and greater amounts of 3-glucan per meal may be required

to achieve substantial satiety effects in overweight women and men.

Consumption of a diet high in soluble
fiber has been suggested as a strategy to
reduce the risk factors for development of
obesity through the regulation of satiety and
energy intake. In addition, such a diet is
purported to reduce cholesterol and improve
postprandial insulin and glucose response
(24). The suggested mechanisms include
malabsorption, increased gastric distention,
decreased rate of gastric emptying, regula-
tion of satiety hormones, and reduced gly-
cemic index (16,19,24).

Consumption of soluble fibers such as
guar gum, methylcellulose, and pectin re-
duced the rating of perceived hunger and
energy intake and improved weight main-
tenance under fixed energy intake condi-
tions in several studies (15-17,22,23,29).
However, few studies have considered the
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role of the soluble fiber B-glucan in weight
management. Furthermore, studies using [3-
glucan from barley or oats showed incon-
sistent results, with both positive (4,25) and
negative (14,26) effects on satiety, energy
intake, and weight loss. A recent study us-
ing cultured adipocytes and mice found that
leptin was produced in proportion to short-
chain fatty acids (SFAs) (33), suggesting a
possible role for SFAs, which are fermented
products of soluble fiber, in the regulation
of satiety and energy intake.

To clarify the potential role of B-glucan in
the regulation of short-term satiety in over-

Table 1. Subject characteristics®

weight women and men, we tested whether
consumption of whole-grain cereals with
various [-glucan contents affects acute sa-
tiety ratings, energy intake, and postpran-
dial glucose response.

MATERIALS AND METHODS

Subjects

Ten women and 10 men were screened,
and 10 women and nine men completed the
study. One man did not complete the study
because of noncompliance. A medical his-
tory questionnaire was used to exclude sub-
jects with a chronic disease, such as gout,
diabetes, or other metabolic or malabsorp-
tion disease, and those using medications af-
fecting glucose metabolism. Inclusion cri-
teria included age > 40 years, body mass
index (kg/m?) > 25, fasting blood glucose <
6.99 mmol/L (126 mg/dL), waist circumfer-
ence > 100 cm in men and > 88 cm in wom-
en, and blood pressure < 140/90 mm Hg.
Body fat (percent) was measured by bioelec-
trical impedance (TANITA body composi-
tion analyzer, model TBF-300A, Biodynam-
ics, Seattle). All subjects were nonsmokers,
nonathletes, not pregnant or lactating, free
from food allergies, not dieting, and weight
stable for the past year. During the screen-
ing, subjects completed several question-
naires, including the Eating Inventory (27)
for assessing dietary restraint, disinhibition,

Characteristic Men (n = 9) Women (n = 10)®
Age (years) 57.2+33 509 +2.7
Height (cm) 1784£19 163.5+ 1.9*
Weight (kg) 92.8£2.8 853+4.4
Body mass index (kg/m?) 29.2+0.7 31.8+1.2%
Body fat (%) 29.1+1.4 44 £ 1.2%
Waist circumference (cm) 104 +2.4 102+3.3
Waist/hip ratio 0.96 £0.01 0.88 £0.01*
Fasting blood glucose (mmol/L) 5.64£0.18 5.67+0.17
Dietary restraint score® 87£13 9.7£0.9
Disinhibition score® 4.0£0.8 7.8+1.3%
Hunger score® 3.1£0.9 5.1£0.9

@ All data expressed as mean = SEM.

b * indicates values are significantly different (P < 0.05) between men and women.

¢ Eating Inventory scores (27).
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and hunger; the Godin Leisure Time Exer-
cise Questionnaire (11) for physical activity;
and the Marlowe-Crowne Social Desirabil-
ity Scale (8) for personal reaction inventory.
Scores on these questionnaires were not used
as selection criteria. Subject characteristics
are shown in Table I. The study was ap-
proved by the Institutional Review Board of
the Medstar Research Institute (Hyattsville,
MD).

Study Design

The study consisted of two experimental
days: day 1, controlled feeding; and day 2,
glucose or whole-grain cereal meal toler-
ance tests and measurements of satiety. On
day 1, subjects followed the suggested menu,
which contained 15% protein, 50% carbo-
hydrate, and 35% fat for breakfast and Iunch;
a standardized dinner and snack were pro-
vided. On day 2, subjects arrived at the
Beltsville Human Nutrition Research Cen-
ter in the morning after an 11-hr fast, com-
pleted baseline testing, and then ate their
breakfast (test meal) within 10 min. Sub-
jects rated their hunger, fullness, satisfaction,
thirst, nausea, and drowsiness on 100-mm

Table II. Content and composition of test meals

visual analog scales (VAS) (7) at 15 min
before and 0, 15, 30, 60, 120, and 150 min
after consuming a test meal. Subjects ate a
standardized lunch 2 hr after breakfast. For
lunch, they were instructed to eat as much
as they desired until they felt comfortably
full. This lunch meal contained 2,000 kcal
and consisted of baked macaroni and cheese
(Stouffers, Nestle USA, Inc., Solon, OH) and
1 L of water. The energy intake during lunch
was determined by subtracting the amount
of food not eaten from the total amount of
food offered. VAS scores and energy intake
were used as estimates of satiety. For the tol-
erance tests, blood glucose levels were
determined at the same times as the VAS
measurements, using an over-the-counter
glucometer (Therasense, Alameda, CA). Per-
ception of the test meals was measured us-
ing VAS.

Subjects were not allowed to talk and were
asked to read books or magazines that did
not contain any articles related to food or
weight loss. They were also asked to re-
main in their own cubicles during the study
session. All subjects were told that the pur-
pose of the study was to examine the per-

Test Meal
Component (g) Glucose 0 g of B-Glucan 1 gof B-Glucan 2 g of 3-Glucan
Wheat 0 50 25 0
Barley 0 0 25 50
Yogurt 0 106 106 106
Protein 0 9.2 9.1 9.1
Carbohydrate 75 58.3 59.1 59.8
Fat 0 33 34 34
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Fig. 1. Glucose response after consumption of test meals containing glucose or 0, 1, or 2 g
of B-glucan in 10 overweight women and nine overweight men. A and B, Glucose re-
sponse and area under the curve (AUC) for women; C and D, glucose response and AUC

for men. Data are expressed as mean + SEM.

Different letters indicate significant differ-

ence at P < 0.05. Glucose = 75 g of glucose solution as glucola; 0 BG = 0 g of B-glucan
(wheat); 1 BG = 1 g of B-glucan (50% wheat and 50% barley); and 2 BG = 2 g of -glucan
(barley). The three cereal meals were served hot with low-fat strawberry yogurt.
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ception or experience of eating foods con-
taining the naturally occurring soluble fiber
B-glucan from barley. A debriefing ques-
tionnaire was conducted at the conclusion
of the experiment. Most subjects thought the
purpose of the study was to examine their
glucose response after eating.

Test Meals

The breakfast test meals, containing 75 g
of glucose solution or whole-grain cereal,
were given to subjects in a Latin-square de-
sign. Cereal test meals contained 50 g of
wheat (0.43 g of B-glucan), 25 g of wheat
and 25 g of barley (1.23 g of B-glucan), or
50 g of barley (2.03 g of B-glucan) and were
served as hot cereal with 106 g of commer-
cially prepared low-fat strawberry yogurt.
Energy (300 kcal), macronutrient, and water
intake (235 g) were controlled across the
three cereal test meals (Table II). The cal-
culated total dietary fiber content for all ce-
real meals was 7.4 g. Wheat was obtained
locally, and barley was obtained from Briess
Malt & Ingredients Co. (Chilton, WI). Wheat
and barley B-glucan contents were deter-
mined by the mixed-linkage B-glucan method
(21), using a streamlined enzymatic method
(Megazyme International Ireland, Ltd., Wick-
low, Ireland).

VAS Measurements

Adapted from Cardello and coworkers (7),
VAS was a vertical line (100 mm) anchored
with phrases such as “greatest imaginable
hunger” at positions corresponding to their
geometric mean magnitude estimates. Sub-
jects used VAS to rate their fullness, satis-
faction, hunger, “how much can you eat?”
(HC), drowsiness, nausea, and thirst and the
pleasantness of the meals. The distance from
the bottom end of the scale to the mark made
by the subject was measured with a digital
caliper (Cen-Tech, Tualatin, OR). Each VAS
measurement was taken six times.

Statistical Analysis

Repeated-measures analysis of variance
was used to determine statistically signifi-
cant differences (PROC MIXED, version
9.1.3., SAS Institute, Cary, NC). Differences
between groups were determined by least
significant difference at P < 0.05. Linear
orthogonal polynomial contrasts were used
to test the significance of the amount of -
glucan (0, 1, and 2 g) consumed. All data
are expressed as mean plus/minus standard
error of the mean.

RESULTS AND DISCUSSION

Effects of $-Glucan on Glycemic
Response

Studies have shown that consumption of
B-glucan from oats or barley improves gly-
cemic response in overweight subjects or
subjects with type II diabetes (3,5,9,12,13,
25,28,34), possibly through a delay in car-
bohydrate absorption rather than through
the effects of fermentation products (2). Re-



search has found that the beneficial effects
of B-glucan from oats on glycemic response
are dose-dependent in an inverse linear re-
lationship (12,28,32). Studies using B-glu-
can from barley also have revealed a more
potent effect of high B-glucan consumption
on glycemic response (3,18,31,34).

Our data are consistent with earlier stud-
ies. In women the peak glucose response at
30 min was significantly lower after con-
sumption of 2 g of B-glucan than after con-
sumption of 0 or 1 g of B-glucan (Fig. 1A).
A significant reduction was also found 60
min after consumption of 2 g of B-glucan
compared with consumption of 0 g of B-glu-
can. Orthogonal polynomial contrasts showed
a linear decline in glucose response to 3-
glucan (0, 1, and 2 g) at 30 min (P = 0.003)
and 60 min (P = 0.049). The area under the
curve (AUC) was significantly lower after
consumption of 2 g of B-glucan than after
consumption of 0 g of B-glucan (Fig. 1B)
and decreased linearly (P = 0.01) as the
amount of 3-glucan increased from 0 to 2 g.
In men no significant differences were ob-
served in peak glucose response or AUC
(Fig. 1C and D).

These findings suggest that in overweight
women, acute reduction of glycemic response
requires consumption of at least 2 g of f3-
glucan per meal. In overweight men con-
sumption of greater amounts of B-glucan
per meal may be required for a substantial
effect on postprandial glucose response; the
mechanism is not clear, however. Given that
body weight was not significantly different
between women and men, consumption of
an equivalent amount of B-glucan by both
genders may not be a limiting factor in our
study design.

Effects of -Glucan on Short-Term
Satiety

The effects of B-glucan on satiety were
marginal in both overweight women and
men. In both women and men, the ratings
for fullness and satisfaction rapidly rose and
remained high until about 60 min after con-
sumption of a cereal test meal and then de-
creased to almost fasting levels by 120 min
(Fig. 2). Fullness and satisfaction ratings
were not affected by B-glucan in either wom-
en or men (Fig. 2). In men a separate within
cereal statistical comparison showed that the
satisfaction rating was significantly greater
(15.4%) 15 min after consumption of 2 g
of B-glucan than after consumption of 1 g of
B-glucan (data not shown). Fullness and sat-
isfaction ratings for 15-60 min after con-
sumption of glucose alone were significant-
ly lower than those after consumption of a
cereal test meal in women; the effect was
weaker (ratings for 15-30 min) in men
(Fig. 2).

Ratings for hunger and HC rapidly de-
creased and then gradually rose to ap-
proximately fasting levels by 120 min after
consumption of a cereal test meal in both
women and men (Fig. 3). In women con-
sumption of 2 g of B-glucan decreased the

hunger rating at 30 min compared with 0 and
1 g of B-glucan by 44 and 36%, respectively,
but the differences were not statistically sig-
nificant (Fig. 3A). The hunger rating at 60
min for consumption of 2 g of B-glucan in-
creased rapidly, whereas it remained low for
1 g of B-glucan (Fig. 3A); these values were
significantly different. In men there was no
significant difference in hunger rating among
the cereal test meals (Fig. 3B). B-Glucan did
not significantly affect the overall rating
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for HC in women or men (Fig. 3C and D).
Orthogonal polynomial contrast analysis
showed there was no linear response to [3-
glucan (0, 1, and 2 g) in the ratings for full-
ness, satisfaction, hunger, and HC in either
women or men.

No effect of B-glucan on energy intake
at 2 hr after consumption of test meals was
seen in either women or men (Fig. 4). Wa-
ter intake was not affected by B-glucan
consumption in women or men (data not

ET
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Fig. 2. Fullness (A and B) and satisfaction (C and D) ratings after consumption of test meals
containing glucose or 0, 1, or 2 g of B-glucan for 10 overweight women (A and C) and nine
overweight men (B and D). Data are expressed as mean + SEM. Different letters indicate
significant difference at P < 0.05. Glucose = 75 g of glucose solution as glucola; 0 BG = 0 g of
B-glucan (wheat); 1 BG = 1 g of B-glucan (50% wheat and 50% barley); and 2 BG = 2 g of B-
glucan (barley). The three cereal meals were served hot with low-fat strawberry yogurt.
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Fig. 3. Hunger (A and B) and “how much can you eat?” (C and D) ratings after consump-
tion of test meals containing glucose or 0, 1, or 2 g of B-glucan for 10 overweight women
(A and C) and nine overweight men (B and D). Data are expressed as mean + SEM. Dif-
ferent letters indicate significant difference at P < 0.05. Glucose = 75 g of glucose solution
as glucola; 0 BG = 0 g of B-glucan (wheat); 1 BG = 1 g of B-glucan (50% wheat and 50%
barley); and 2 BG = 2 g of B-glucan (barley). The three cereal meals were served hot with

low-fat strawberry yogurt.
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shown). These observations indicate that
consumption of 2 g of B-glucan per meal is
unlikely to affect short-term control of sati-
ety and energy intake in either overweight
women or men.

Pleasantness ratings for the cereal test
meals were not significantly different for
women and men (data not shown). The pleas-
antness rating for the glucose solution by
both women and men was significantly lower
than those for the cereal test meals (data not
shown). There were no significant differ-
ences in ratings for drowsiness, nausea, and
thirst in response to consumption of 0, 1,

A Women
1000

s 88

Energy intake (kcal)
=2
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Glucose 0BG 1BG

2BG

or 2 g of B-glucan in either women or men,
except that the nausea rating was signifi-
cantly higher at 120 min after consumption
of 1 g of B-glucan compared with 0 g of -
glucan (from 50 £ 13 to 29 £ 9 mm) in
women (data not shown).

Because the test meals were matched for
energy content (300 kcal) but not for macro-
nutrient content and physical form (liquid
versus solid) (Table II), comparison of the
results for glucose and cereal test meals had
some limitations. The timing of the consump-
tion of test meals (time lag between preload
and lunch) may be more important than

B Men

Glucose 0BG 1BG 2BG

Fig. 4. Energy intake at 2 hr after consumption of test meals containing glucose or 0, 1, or
2 g of B-glucan for 10 overweight women (A) and nine overweight men (B). Data are ex-
pressed as mean + SEM. Energy intake was determined as a standardized lunch provided
2 hr after test meals were consumed. Glucose = 75 g of glucose solution as glucola; 0 BG =
0 g of B-glucan (wheat); 1 BG = 1 g of B-glucan (50% wheat and 50% barley); and 2 BG =
2 g of B-glucan (barley). The three cereal meals were served hot with low-fat strawberry yogurt.
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physical form for inducing satiety effects.
This has been suggested by some studies
that show a positive effect of solids on sa-
tiety at intervals of 2—4 hr (10,30) and oth-
ers showing no effect of physical form on
satiety rating and energy intake at 2 hr after
preloading (1,20). In our study, satiety rat-
ings were not higher for solid cereals than
for liquid glucose 2 hr after test meals were
consumed. However, at the early stage (15—
60 min) after consuming a test meal, the
overall satiety rating for fullness and satis-
faction with glucose was significantly lower
than for the cereal test meals. A different re-
sponse by gender was not anticipated, al-
though an earlier study (6) reported a weak
effect of fiber on energy intake for men
compared with women. Additional research
is required to validate the effects of B-glu-
can on satiety by increasing sample sizes of
both women and men.

CONCLUSIONS

In the current study, consumption of bar-
ley containing the soluble fiber f-glucan
lowered glycemic response in a dose-de-
pendent manner in overweight women but
not in overweight men. Consumption of at
least 2 g of B-glucan per meal could be
part of a suggested dietary plan to reduce
risk factors for development of type II dia-
betes in overweight women. The lack of ef-



fects of B-glucan on satiety and energy in-
take suggests that larger doses of f3-glucan
(>2 g/meal) may be required to substantial-
ly affect short-term satiety and, therefore,
weight management in overweight women
and men. Further studies are required to de-
termine whether higher doses of B-glucan
affect short-term satiety and energy intake
when the sample size is larger.
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