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Erratum
Lee YP, Mori TA, Sipsas S, et al. Lupin-enriched bread increases satiety and reduces energy intake acutely. Am J
Clin Nutr 2006;85:975– 80.
On page 975 (right column), the last sentence of paragraph 3 should read as follows: The incorporation of lupin
kernel fiber into processed foods was found to result in higher postmeal satiety up to 4.5 h and lower energy intake
(앒15%) over the test day (20). In this article, “LKF” represents “lupin kernel flour” (of which fiber is a major
component), not “lupin kernel fiber.”
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Lupin-enriched bread increases satiety and reduces energy intake
acutely1⫺3
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INTRODUCTION

Obesity is now a major public health problem worldwide. One
possible strategy to combat the obesity epidemic involves understanding the role of dietary components in the control of food
intake. This has the potential to prevent weight gain and facilitate
weight loss.

Emerging data suggest that the nutrient composition of the diet
is an important factor controlling satiety and energy intake, at
least in the short term (1– 4). Evidence that a high-protein diet is
more satiating than is a high-carbohydrate diet (1, 2, 5–7) and that a
high-fiber diet is more satiating than is a low-fiber diet (8 –11) is
convincing. Thus, foods enriched in protein or fiber, replacing energy from carbohydrate, have the potential to increase satiety and
reduce energy intake. At present, little information is available on
the effects of dietary approaches that increase both protein and fiber.
Such diets may influence satiety via effects on appetite-regulating
hormones such as ghrelin, a peptide that is released from the stomach
and acts on the central nervous system to stimulate food intake
(12–14). The protein and fiber contents in the diet may be an important determinant of ghrelin secretion (15–18), thereby influencing postmeal satiety and subsequent energy intake.
A practical approach for increasing the protein and fiber contents of processed foods is to incorporate high-protein and highfiber ingredients in these foods. Lupin kernel flour (LKF) is a
novel food ingredient derived from the endosperm of lupin,
which contains 40 – 45% protein, 25–30% fiber, and negligible
sugar and starch (19). The incorporation of LKF into processed
foods was found to result in higher postmeal satiety up to 4.5 h
and lower energy intake (앒15%) over the test day (20).
Partial substitution of wheat flour for LKF in bread increases
both the protein and fiber content of the bread. We report herein
the results of 2 studies in which we compared the effects of bread
enriched in LKF with regular white bread (WB) on satiety and
energy intake. The objective of the first study was to assess interand intrameal effects on satiety and energy intake, and the objective of the second study was to assess the postmeal effects on
plasma ghrelin concentrations.
1
From the School of Medicine and Pharmacology, University of Western
Australia, Perth, Australia (YPL, TAM, AB, IBP, VB, and JMH); the Department of Agriculture, Perth,, Australia (SS); and the School of Exercise
and Nutrition Sciences, Deakin University, Victoria, Australia (RSH).
2
Supported by the Department of Agriculture, Western Australia,
Australia.
3
Address reprint requests to JM Hodgson, School of Medicine and Pharmacology, Royal Perth Hospital Unit, GPO Box X2213 Perth, Western
Australia 6847, Australia. E-mail: jonathan.hodgson@uwa.edu.au.
Received March 6, 2006.
Accepted for publication June 15, 2006.

Am J Clin Nutr 2006;84:975– 80. Printed in USA. © 2006 American Society for Nutrition

975

Downloaded from www.ajcn.org at Curtin University Library on April 1, 2009

ABSTRACT
Background: Protein and fiber may be important determinants of
satiety. Lupin kernel flour is a novel food ingredient that is rich in
protein and fiber.
Objective: The objective was to investigate the effects of lupin
kernel flour– enriched bread (LB) on satiety and energy intake in
humans.
Design: Two randomized controlled crossover trials were performed to compare the acute effects of LB with those of white bread
(WB). In study 1, the subjects (n ҃ 16) completed 4 treatments 1 wk
apart: WB breakfast (as toast) and WB lunch (as sandwiches), WB
breakfast and LB lunch, LB breakfast and WB lunch, and LB breakfast and LB lunch. Energy intake at all breakfast meals was matched
(1655 kJ), and ad libitum energy intake at lunch, 3 h after breakfast,
was measured. In study 2, the subjects (n ҃ 17) completed 2 treatments 1 wk apart: WB breakfast and LB breakfast (each 1655 kJ).
Blood samples were taken at baseline and at regular intervals for 3 h
after breakfast.
Results: In study 1, the LB breakfast resulted in significantly higher
self-reported satiety (P 쏝 0.001) and lower energy intake (kJ) at
lunch (Ҁ488; 95% CI: Ҁ798, Ҁ178) than did the WB breakfast. The
LB lunch resulted in a significantly lower within-meal energy intake
(kJ) at lunch (Ҁ1028; 95% CI: Ҁ1338, Ҁ727) than did the WB
lunch. In study 2, compared with the WB breakfast, the LB breakfast
significantly altered the 3-h postmeal plasma ghrelin response (P ҃
0.04) and resulted in significantly lower mean 3-h plasma ghrelin
concentrations (P ҃ 0.009).
Conclusion: A novel food enriched in protein and fiber derived
from lupin kernel flour significantly influences energy intake
acutely.
Am J Clin Nutr 2006;84:975– 80.
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SUBJECTS AND METHODS

Participants

Study design
Two randomized controlled crossover trials were performed
to compare the acute effects of LKF-enriched bread (LB) with
those of WB. Separate trials to investigate effects on satiety and
energy intake and on biochemical measurements were considered necessary given the potential for venesection per se to modulate satiety and energy intake and for any effects to change over
time as participants become more comfortable with blood sampling. Participants were instructed to maintain their diet, physical
activity, and medication regimens for 4 wk before the study
began and throughout the intervention. For each study, visits
were 1 wk apart on the same day of the week at the same time of
day if possible. Each clinic visit took place after the subjects
fasted 12 h overnight between 0800 and 1400 in a temperaturecontrolled room (24 °C). The order of the treatments was randomly assigned by using computer-generated random numbers
concealed in opaque envelopes. To avoid a second meal effect the
following day, participants consumed the same meal in the evenings before each visit. In addition, participants did not consume
alcohol or engage in vigorous physical activity for 24 h before
each visit.
Study 1
One treatment was administered at each visit, with a total of 4
clinic visits during the study: 1) WB breakfast (as toast) and WB
lunch (as sandwiches), 2) WB breakfast and LB lunch, 3) LB
breakfast and WB lunch, and 4) LB breakfast and LB lunch.
Energy intake at all breakfast meals was matched (1655 kJ).
Breakfasts consisted of toast (1400 kJ), consumed with margarine (180 kJ) and jam (75 kJ), and were consumed over 20 min.
Participants consumed one cup (237 mL) of water, tea, or coffee
with breakfast and with lunch and one cup of water 1.5 h after
breakfast. The type and volume of beverages consumed were the
same at each visit. Self-reported satiety was measured before
breakfast; 15, 30, 45, 60, 90, 120, 150, and 180 min after breakfast; and then 15 min after lunch with the use of 3 different 12-cm
visual analogue scales (21). The scales related to the following
questions: “How full do you feel?” (“not full at all” ҃ 0 cm to
“extremely full” ҃ 12 cm), “How hungry/satisfied do you feel?”

Energy (kJ)
Bread weight (g)
Total moisture (g)
Total fat (g)
Total protein (g)
Total ash (g)
Total fiber (g)
Total carbohydrate (g)

White bread

Lupin bread

1400
126
46
5.7
12
2.1
3.4
57

1400
158
68
5.7
25
3.3
15
40

(“extremely hungry” ҃ 0 cm to “extremely satisfied” ҃ 12 cm),
and “How much food do you think you could eat?” (“nothing at
all” ҃ 0 cm to “an extremely large quantity” ҃ 12 cm). Participants were requested to place an X at any point along the scale,
and scores were then converted to continuous variables from 0 to
12 cm.
An ad libitum lunch was provided as sandwiches 3 h after
breakfast. The composition of the sandwiches was chosen by the
participants from a limited choice of fillings (any combination of
margarine, cheese, ham, pressed chicken, tuna, tomato, lettuce,
and mayonnaise) before the study began. The sandwich composition was the same for each participant at each visit. Sandwiches providing energy in excess of usual intake at lunch (x 앐
SD: 4655 앐 336 kJ, depending on sandwich composition) were
provided. Instruction was given to “eat until comfortably full.”
Forty minutes were allocated for lunch, and the total energy
intake was then measured as the difference between the energy
supplied and the energy remaining.
Study 2
Two clinic visits were made during the study; a WB breakfast
was consumed at the first visit and an LB breakfast at the second
visit, 1 wk apart. At each clinic visit, a catheter was inserted into
the antecubital vein of each subject, and a fasting blood sample
was obtained (time: 0 min). Breakfast, as previously described
for study 1, was provided as toast. Blood samples were then
drawn 15, 30, 45, 60, 90, 120, 150, and 180 min after breakfast.
Bread formulation
The LB was formulated by substituting 40% of the wheat flour
usually present in a regular WB with LKF. This resulted in 24%
of the final weight of the LB present as LKF. Because this also
resulted in a small difference in total fat and wheat protein between the LB and regular WB, a mixture of canola oil and sunflower oil, which had a fatty acid composition similar to that of
LKF, was added to the WB, and wheat protein (gluten) was added
to the LB. Thus, the LB and WB were matched for fat content and
fatty acid composition, and protein content derived from wheat.
The objective was to partially substitute energy from wheat carbohydrate with matching energy from protein and fiber from
LKF, such that these were the only macronutrient differences in
the 1400-kJ of bread provided at breakfast. The nutrient composition of the 2 breads was analyzed by BRI Australia Ltd (North
Ryde, Australia) (Table 1). All breads used for each study were
baked as a single batch at Bodhi’s Bakery, Fremantle, WA. The
breads were sliced, stored at Ҁ20 °C, and defrosted at room
temperature 1 h before consumption. The participants rated the
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Nonsmoking healthy men and women were recruited from the
general population via newspaper advertisements. Exclusion criteria included a history of cardiovascular or peripheral vascular
disease, diabetes, asthma, renal disease, liver disease, gout, psychiatric illness, food allergies, major gastrointestinal problems,
or other major illnesses such as cancer, uncontrolled hypertension (systolic blood pressure 쏜150 mm Hg or diastolic blood
pressure 쏜95 mm Hg); use of 쏜2 antihypertensive agents; a
change in drug therapy within the previous 3 mo; pregnancy or
intentions to become pregnant; recent weight loss; and alcohol
intake 쏜200 g/wk for women and 쏜300 g/wk for men. In addition, individuals with no history of diabetes but with fasting
plasma glucose concentrations 욷5.6 mmol/L were excluded. All
procedures followed were in accordance with institutional guidelines. The studies were approved by the University of Western
Australia Human Ethics Committee, and all participants provided written informed consent.

TABLE 1
Energy and nutrient composition of the white bread and the lupin kernel
flour– enriched bread provided as part of a fixed-energy breakfast meal
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palatability of the WB and LB on the basis of taste, texture,
consistency, mouth feel, and smell using a 12-cm visual analogue
scale ranging from “dislike very much” to “like very much.”
Biochemistry

Statistics
Statistical analyses were performed by using SPSS 11.5 software (SPSS Inc, Chicago, IL) or SAS 8.2 software (SAS Institute, Cary, NC). Descriptive statistics are presented as means 앐
SDs. Results are presented as means and 95% CIs in the text or
as means 앐 SEMs in the figures; P 쏝 0.05 was the level of
significance. Palatability scores and postprandial glucose and
insulin area under the curves were compared by using the paired
t test in SPSS. Energy intake at lunch, baseline-adjusted postbreakfast self-reported satiety scores, and plasma ghrelin and
serum glucose and insulin concentrations were analyzed with
random-effects models in SAS by using PROC MIXED. The
models included a time-by-treatment interaction term to test
whether the slopes of the curves differed, ie, whether the curves
were significantly nonparallel to each other. In the randomeffects models, participant was treated as the random effect,
which accounted for correlated error structures and treatment
(WB or LB), period, and treatment order as the fixed effects.

RESULTS

Study 1
Sixteen participants (n ҃ 8 men and 8 women) with a mean
(앐SD) age and body mass index (BMI; in kg/m2) of 58.6 앐 7.2 y

FIGURE 1. Mean (앐SEM) difference from baseline in satiety scores for
fullness, satisfaction, and prospective consumption (n ҃ 16) during the 3 h
after consumption of a fixed-energy breakfast consisting of lupin kernel
flour– enriched bread (■) or white bread (䊐). Time-by-treatment interactions
in the models were significant for fullness (P ҃ 0.06), satisfaction (P 쏝
0.001), and prospective consumption (P 쏝 0.001). Differences in baselineadjusted mean scores were significant between breads, P 쏝 0.001 (for all
satiety scores per random-effects models).

and 31.3 앐 4.5, respectively, were recruited. There was no significant difference in mean palatability (in cm) between the WB
(9.1; 95% CI: 7.6, 10.6) and LB (8.7; 95% CI: 6.8, 10.7) at
breakfast as toast (P ҃ 0.73) or between the WB (8.7; 95% CI:
7.0, 10.5) and LB (7.6; 95% CI: 5.8, 9.4) at lunch as sandwiches
(P ҃ 0.35).
Compared with the WB, LB at breakfast resulted in significantly higher self-reported satiety (Figure 1). Significance values for time-by-treatment interactions in the models for fullness,
satisfaction, and prospective consumption were P ҃ 0.06, P 쏝
0.001, and P 쏝 0.001, respectively, which suggested a difference
in the slope of the satisfaction and prospective consumption
curves. There was also a significant difference (in cm) between
the WB and LB, respectively, for baseline-adjusted mean 3-h
self-reported fullness [5.38 (95% CI: 4.39, 6.38) and 6.44 (95%
CI: 5.45, 7.43); P 쏝 0.001], satisfaction [6.50 (95% CI: 5.57,
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Venous blood was collected into serum tubes or ice-cold tubes
containing EDTA (7.2 mg) and aprotinin [1 TIU (trypsin inhibiting unit)/mL; Sigma-Aldrich, New South Wales, Australia].
After centrifugation at 1500 ҂ g for 10 min at 4 °C, plasma and
serum were separated, and aliquots were frozen at Ҁ80 °C before
being analyzed.
Serum glucose was measured with a hexokinase method, and
serum insulin was measured with an enzyme-linked immunosorbent assay (Boehringer Mannheim, Mannheim, Germany) in the
Department of Biochemistry at Royal Perth Hospital, Western
Australia.
Plasma ghrelin was measured by using an enzyme immunoassay. Briefly, after acidification of 1 mL plasma with 1 mL 1%
trifluoroacetic acid and centrifugation at 1500 ҂ g at 4 °C for 10
min, plasma ghrelin was extracted by using solid-phase extraction. A C-18 Bond-Elute column (Varian, Palo Alto, CA) was
equilibrated with 1 mL methanol, followed by 1 mL 60% acetonitrile in 1% trifluoroacetic acid and 3 mL of 1% trifluoroacetic
acid. The acidified plasma was added to the column and washed
twice with 3 mL of 1% trifluoroacetic acid; ghrelin was eluted
with 3 mL of 60% acetonitrile in 1% trifluoroacetic acid. Eluent
was collected into a polypropylene tube and evaporated to dryness at medium heat in a centrifugal evaporator and reconstituted
in 0.5 mL of immunoassay buffer. The extracted ghrelin was
analyzed by using the ghrelin (human acylated) enzyme immunoassay kit (SPI-BIO, Montigny le Bretonneux, France). The
ghrelin enzyme immunoassay kit specifically measures acylated
ghrelin, which is the active isoform of ghrelin. The sensitivity of
the assay is 0.3 pg/mL.
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TABLE 2
Effects of the lupin kernel flour– enriched bread (LB) in comparison with
those of the white bread (WB) on energy intake at an ad libitum lunch
after a fixed-energy (1655 kJ) breakfast1
Treatment

Breakfast
(as toast)

Lunch
(as sandwiches)

Energy intake at lunch2

WB
WB
LB
LB

WB
LB
WB
LB

3774 (3083, 4465)
2504 (2012, 2996)
3044 (2415, 3673)
2257 (1800, 2715)

kJ
1
2
3
4
1

The subjects (n ҃ 16) completed 4 treatments 1 wk apart and in random

order.
2
All values are means; 95% CI in parentheses. The LB at breakfast
resulted in a significantly lower energy intake (in kJ) at lunch (Ҁ488; 95% CI:
Ҁ798, Ҁ178) than did the WB, and the LB at lunch resulted in a significantly
lower within-meal energy intake at lunch (Ҁ1028; 95% CI: Ҁ1338, Ҁ727)
than did the WB (random-effects models).

Study 2
Seventeen participants (n ҃ 11 men and 6 women) with a mean
age and BMI of 61.0 앐 5.6 y and 27.2 앐 4.3, respectively, were
recruited. Four of the 17 participants also took part in study 1.
There was no significant difference in palatability (in cm) between the WB (9.5; 95% CI: 8.7, 10.2) and LB (9.5; 95% CI: 8.8,
10.1) at breakfast as toast (P ҃ 1.00).
The baseline and postbreakfast plasma ghrelin concentrations
are presented in Figure 2. There was a significant baseline-

FIGURE 2. Mean (앐SEM) plasma ghrelin concentrations (n ҃ 17) at
baseline and during the 3 h after consumption of lupin kernel flour– enriched
bread (■) or white bread (䊐) for breakfast. There was a significant baselineadjusted time-by-treatment interaction (P ҃ 0.04) and a significant difference in baseline-adjusted mean 3-h plasma ghrelin concentrations (P ҃
0.009, random-effects models).

FIGURE 3. Mean (앐SEM) serum glucose and insulin concentrations
(n ҃ 17) at baseline and during the 3 h after the consumption of lupin kernel
flour– enriched bread (■) or white bread (䊐) for breakfast. There was a
significant time-by-treatment interaction for glucose response (P ҃ 0.01).
There was no significant time-by-treatment interaction for insulin response
(P ҃ 0.06). The main effect of treatment for insulin was Ҁ11.6 (95% CI:
Ҁ16.3, Ҁ6.9) mU/L (P 쏝 0.001, random-effects models). There was a
significant difference between breads in the area under the curve for glucose
and insulin (P 쏝 0.01, paired t test).

adjusted time-by-treatment interaction (P ҃ 0.04), which suggests a difference in the slope of the curves and an altered postmeal ghrelin response. In addition, baseline-adjusted mean 3-h
plasma ghrelin concentrations (in pg/mL) were significantly
lower (P ҃ 0.009) with the LB (1.93; 95% CI: 0.71, 3.14) than
with the WB (0.97; 95% CI: Ҁ0.25, 2.19).
Postprandial serum glucose and insulin concentrations are
presented in Figure 3. There was a significant time-by-treatment
interaction for glucose response (P ҃ 0.01), which suggests a
difference in the slope of the curves. There was no significant
time-by-treatment interaction for insulin response (P ҃ 0.06).
The main effect of treatment was Ҁ11.6 (95% CI: Ҁ16.3, Ҁ6.9)
mU/L (P 쏝 0.001), and the main effect for period was 2.9 (Ҁ1.8,
7.6) mU/L (P ҃ 0.22). The incremental glucose area under the
curve (in mmol · h/L) for the LB was significantly lower (1064;
95% CI: 998, 1131) than that for the WB (999; 95% CI: 932,
1065) (P ҃ 0.006). Similarly, the incremental insulin area under
the curve (in mU · h/L) for the LB was significantly lower (8995;
95% CI: 5940, 12051) than that for the WB (6530; 95% CI: 4423,
8636) (P ҃ 0.002).

DISCUSSION

This study reports the effect of protein and fiber-enriched
bread on satiety and energy intake. The source of protein and
fiber was LKF, which partially replaced wheat carbohydrate.
Incorporation of LKF into bread resulted in higher satiety and a
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7.44) and 8.11 (95% CI: 7.18, 9.05); P 쏝 0.001], and prospective
consumption [2.85 (95% CI: 2.39, 3.31) and 1.91 (95% CI: 1.45,
2.36); P 쏝 0.001].
The energy intake at lunch for each treatment is presented in
Table 2. LB compared with WB at breakfast resulted in a significantly lower energy intake (in kJ) at lunch (Ҁ488; 95% CI:
Ҁ798, Ҁ178). That is, energy intake at the lunch meal was
significantly lower when the participants consumed a fixedenergy breakfast derived from LB compared with WB. The LB
at lunch resulted in significantly lower energy intake at lunch
(Ҁ1028 kJ; 95% CI: Ҁ1338, Ҁ727 kJ) than did the WB. That is,
there was a significant effect of LB, compared with WB, to
reduce ad libitum energy intake within a meal.

LEE ET AL

high-protein meals were consumed than when high-fat meals
were consumed (38).
In addition to the nutrient composition of food, many other
factors could influence satiety, including energy intake, energy
density, food weight and volume, and palatability (39 – 41). At
the breakfast meal, the energy intake was matched between
breads and there was little difference in energy density. However,
there was a difference in the weight and volume of the breads,
which may have contributed to the differences in satiety. Our
findings are unlikely to be influenced by differences in palatability, because no significant difference were observed in palatability between breads when eaten as toast or as sandwiches.
The present study showed a significant reduction in postprandial glucose and insulin responses. This reduction was expected
given that energy intake at breakfast was matched and the total
load of glycemic carbohydrate was reduced by 앒30% by partial
replacement of wheat carbohydrate with lupin protein and fiber
from LKF. The reduction in the carbohydrate load is likely to be
the primary contributor to the observed differences in glucose
and insulin responses. The importance of circulating postprandial concentrations of insulin and glucose in the control of appetite and energy intake remains uncertain (16, 42, 43).
In conclusion, increasing the protein and fiber contents of
bread with the use of LKF results in higher satiety and lower
energy intakes. Significant effects were found both during a meal
and at a subsequent meal. The effect of LKF on the pattern of
postprandial plasma ghrelin secretion is consistent with the observed effect on energy intake at a subsequent meal. These results
indicate that LKF-enriched foods influence satiety and energy
intake. Thus, LKF is a novel food ingredient that could be incorporated into a range of products that might benefit appetite
regulation.
YPL, TAM, SS, IBP, and JMH were responsible for the conception,
design, and conduct of the study. YPL and AB were responsible for the
measurement of plasma ghrelin concentrations. All authors were responsible
for data interpretation and writing the manuscript. YPL, VB, and JMH were
responsible for the statistical analyses of the data. The authors had no conflict
of interest.

REFERENCES
1. Vandewater K, Vickers Z. Higher-protein foods produce greater
sensory-specific satiety. Physiol Behav 1996;59:579 – 83.
2. Halton TL, Hu FB. The effects of high protein diets on thermogenesis,
satiety and weight loss: a critical review. J Am Coll Nutr 2004;23:373–
85.
3. Hu FB. Protein, body weight, and cardiovascular health. Am J Clin Nutr
2005;82(suppl):242S–7S.
4. Burton-Freeman B. Dietary fiber and energy regulation. J Nutr 2000;
130(suppl):272S–5S.
5. Anderson G, Tecimer S, Shah D, Zafar T. Protein source, quantity, and
time of consumption determine the effect of proteins on short-term food
intake in young men. J Nutr 2004;134:3011–5.
6. Nickols-Richardson SM, Coleman MD, Volpe JJ, Hosig KW. Perceived
hunger is lower and weight loss is greater in overweight premenopausal
women consuming a low-carbohydrate/high-protein vs highcarbohydrate/low-fat diet. J Am Diet Assoc 2005;105:1433–7.
7. Moran LJ, Luscombe-Marsh ND, Noakes M, Wittert GA, Keogh JB,
Clifton PM. The satiating effect of dietary protein is unrelated to postprandial ghrelin secretion. J Clin Endocrinol Metab 2005;90:5205–11.
8. Pereira MA, Ludwig DS. Dietary fiber and body-weight regulation.
Observations and mechanisms. Pediatr Clin North Am 2001;48:969 –
80.
9. Berti C, Riso P, Brusamolino A, Porrini M. Effect on appetite control of
minor cereal and pseudocereal products. Br J Nutr 2005;94:850 – 8.
10. Delzenne NM, Cani PD. A place for dietary fibre in the management of

Downloaded from www.ajcn.org at Curtin University Library on April 1, 2009

lower energy intake. Both inter- and intrameal effects were observed. There was also a significant effect of the LB on postprandial ghrelin, glucose, and insulin responses. These results
suggest that protein and fiber enrichment of bread with LKF has
the potential to influence appetite and reduce energy intake, at
least in the short term.
All measures of self-reported satiety suggested greater satiety
after the LB than after the WB. The observed higher fullness and
satisfaction and the lower prospective food intake are consistent
with results of previous studies, which showed that high-protein
diets increase postmeal self-reported satiety more than do highcarbohydrate diets (1, 17, 22–25) and high-fiber diets increase
postmeal self-reported satiety more than do low-fiber diets
(20, 26, 27). Consistent with the findings for self-reported
satiety, the LB at breakfast resulted in up to a 20% lower
energy intake at lunch than did the WB breakfast. These
results are supported by previous studies that showed that
high-protein diets reduce energy intake at subsequent meals
more so than do high-carbohydrate diets(23, 28) and highfiber diets reduce energy intake at subsequent meals more so
than do low-fiber diets (26, 29).
The pattern of postprandial ghrelin secretion was investigated
as a factor that might modulate any effect of LKF-enrichment of
bread on intermeal satiety. Ghrelin is an orexigenic hormone
released from the stomach that acts centrally to regulate appetite
by binding to the growth hormone secretagogue receptor in the
hypothalamic nuclei (30, 31). The LB breakfast significantly
altered the 3-h postmeal plasma ghrelin response (P ҃ 0.04) and
resulted in significantly lower mean 3-h plasma ghrelin concentrations (P ҃ 0.009) than did the WB breakfast.
Our results are supported by those of previous studies that have
shown that postprandial plasma ghrelin concentrations may be
mediated by high-protein (15, 16, 32–34) and high-fiber (18)
diets. However, some studies suggest that protein increases,
rather than decreases, plasma ghrelin acutely (16). The type of
protein may play a role in modulating postmeal plasma ghrelin
responses. For example, meat protein has been shown to increase
(16) and whey protein has been shown to decrease (34) plasma
ghrelin in the first hour after a meal. In our study, the major
difference observed was in the pattern of ghrelin secretion over
time after breakfast. After the WB, ghrelin secretion was suppressed for up to 2 h and then increased before lunch, whereas
ghrelin secretion appears to remain suppressed for up to 3 h after
the LB. A delayed plasma ghrelin response was observed in
previous studies that investigated the effects of high-protein
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