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Abstract

Objective: The aim of present study was to compare the effect of cumin bread (designed on a mixture of
wheat flour and cumin powder 2%) and white bread on the satiety index of healthy adults.

Materials and Methods: This randomized controlled cross-over clinical trial was conducted on 15 healthy
participants. VVolunteers were randomly allocated into 2 groups to consume either cumin bread or the white
bread. The satiety index was measured over a period of 120 minutes.

Results: 12 out of 15 participants completed the study and were included in the final analysis. The results
showed that the consumption of cumin bread compared to white bread significantly increased the satiety index
(P= 0.0001). Additionally, the participants did not report any complaints when consuming cumin bread or
white bread.

Conclusion: The present study suggests that cumin bread has a greater potential to enhance satiety compared
to white bread. This result highlight cumin bread may be an effective strategy for improving satiety in healthy
individuals. Further studies are needed to validate these preliminary results and to further elucidate the
underlying mechanisms.
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Introduction

he satiety index (SI) expresses the

extent to which a food increases the

feeling of fullness over a two-hour
period after eating (1). A higher Sl for a food
means that a person will be hungry later after
eating the food (2). Postprandial blood glucose
levels, via glucoreceptors, and insulin response
(IR) are stated to be highly correlated with
satiety (3,4).

It is possible that energy-rich foods are
consumed excessively by reducing the feeling
of satiety per calorie, which is due to the easy
consumption and rapid digestion of the foods
(5). The lifestyle interventions, such as the
use of dietary fiber, protein and highly
satiating foods eliciting a positive effects on
glycemic and insulinemic response, can be
useful in the treatment and prevention of
overweight, obesity and, chronic metabolic
diseases [type 2 diabetes mellitus (T2DM),
and cardiovascular disease] (6-10). Meta-
analysis studies showed the strong association
between vegetable consumption and lower
incidence of T2DM and high blood pressure
(11,12).

From previous research, high fiber
consumption improves satiety, reduces body
mass index (BMI) and thus decreases related
chronic diseases (8,9). Recently, the addition
of extracts from some plants to high glycemic
index foods such as bread has been found to
enhance the satiety index of these products by
slowing gastric emptying (5,13).

A number of studies have confirmed that
whole grain rye flour, Sweet corn flour, Salba
seeds, hazelnuts, chickpea flour, and brown
sorghum to some products can enhance the
feeling of satiety and reduce hunger in the
short term; It also makes it a useful product for
the prevention and control of chronic
metabolic diseases (5,6).

Globally, due to the highest consumption of
wheat bread in the diet and the fattening
effects of bread, the type of bread consumed
may effect on satiety and overall energy intake
(1). It has been reported that the SI for bread,

as a staple food of diet and a primary source of
carbohydrate and energy consumption, varies
from 100% to 561% (1,13). It seems that the
processing and preparation of bread is
effective in the feeling of satiety after eating
bread (7). In Iran, the industrial production of
bread is gradually increasing. To date, due to
the effect of the quality and quantity of food
such as bread, as a factor diet-related to non-
communicable diseases including T2DM, as
well as the high glycemic response of many
breads on the market, conscious consumers are
looking for breads with higher fiber content
and lower glycemic index (Gl), which has a
favorable effect on the satiety response (1,14).
On the other hand, according to scholars of
Persian medicine, adding some medicinal
plants such as cumin to the dough improves
the quality of bread (15).

Cumin (Cuminum cyminum L.) belongs to the
Apiaceae family, which has relatively high
fiber content (90% dietary fiber) (16).
Antioxidant effects and improvements in the
metabolic profile of cumin extract have been
reported in the control of diabetes, weight, and
blood pressure (16,17). Although, one study
has shown that adding cumin to bread
significantly reduces its glycemic index and
glycemic load (18), the effect of using cumin
in bread formulation on appetite control is not
known.

To our knowledge, no study has investigated
the effect of adding cumin into bread on the
appetite sensations in healthy people. This has
generated much interest into the role of cumin
extracts as potential  functional food
ingredients for improving satiety index. In this
regard, we hypothesized that cumin bread
enhances satiety responses over a 120-minute
period in healthy humans. The aim of this
investigation was to evaluate the areas- under
the curve (AUCs) of changes in satiety after
the consuming cumin bread and white bread in
healthy adults.
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Materials and methods
Breads preparation and their nutritional
characteristics

Cumin was purchased from a local market in
Tehran, Iran and was identified in the
herbarium center of Shahid Beheshti
University of Medical Sciences in Tehran with
the code (BMU-8035). The cumin bread was
produced in the laboratory and then adapted
for production in a commercial bakery. Cumin
bread was containing 2% cumin powder, 98%
wheat flour (locally named Setareh), and
permitted bread additives (salt and standard
ingredients to improve the quality of bread).
Both breads were manufactured by “Padena
Asia (Nan Avaran) “factory in Eshtehard
industrial town, Alborz province, Iran.
Meanwhile, the bread preparation formulation
is standardized based on the measurement of
total phenol. All bread samples were baked
and packaged in transparent packs the day
before, kept at room temperature and tested
the next morning.

Nutritional compounds in the cumin bread
were determined at Behesht Aein, an
internationally ~ accredited  Tehran, Iran
laboratory using AOAC and Pearson chemical
analysis methods (18).

Subjects
This experiment was a double-blind, single-
center, randomized crossover controlled

clinical trial that was carried out in May 2023
at Yazd Diabetes Research Center, Iran. In this

Enrollment

study, new ready-to-eat cumin bread was
compared with the white bread. Fifteen
healthy  volunteers  (self-reported)  were
recruited through personal communication and
from employees. The People were eligible to
enroll the study if they were aged between 20
and 50 years, with 18.5 <BMI <25 kg/m2,
normal fasting plasma glucose (< 105 mg/ dL),
relatively sedentary, regular consumption of
bread (at least three times per week), no
history of gastrointestinal disease or gastric
surgery, and usual diet. Individuals with cumin
allergy, history of dieting three months prior to
screening, weight changes >5% for 6 months
before the study, a history of genetic or
metabolic diseases, regular and high intensity
activity, smoking, opioid addiction, taking of
supplements or medications influencing
appetite or gastrointestinal function, breast
feeding, and pregnancy were excluded.
Sample size was estimated by the formula
represented for crossover clinical trials,
considering type 1 error (a) 0.05, type 2 errors
(B) (power 90%) of 0.1 and d:0.5. With
consideration for 15 % attrition rate, the final
sample size was determined to be of 30
participants in the current study.

The allocation diagram of the participants
who were involved in the study is shown in
Figure 1.

Study design
The Subjects were asked to maintain their
regular physical activity level, diet and refrain

Enrolled in the study (n=15)

3 excluded: due to inability

v

)

Allocation and crossover
bread sequence

Protocol completed (n=12)

to comply with protocol

Randomly assigned to a
bread sequence (n=12)

Analysis

Figure 1. Participant recruitment, allocation, and random assignment processes flow diagram.
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from taking any supplements or medication
that may interfere with the results of the study
during the trial period. On the morning of the
test, the participants completed a physical
activity questionnaire  [Physical  Activity
Questionnaire is a standardized tool designed
to assess the amount and pattern of
individuals’ physical activity by evaluating the
intensity, type, and duration of activities. The
collected data are usually reported in minutes
per week or metabolic equivalent units (MET-
min/week) and are used to examine physical
activity levels and their association with health
indicators (19)] and a 24-hour dietary recall
[the 24-hour dietary recall is a widely used
method in nutritional assessment, in which
individuals are asked to report all foods and
beverages consumed during the previous 24
hours. Owing to its simplicity, low cost, and
applicability in large-scale studies, it is
frequently employed in nutritional research,
although its accuracy may be limited by
reliance on memory and its inability to fully
reflect usual dietary patterns (20)], including
their food intake the day previous of the
intervention. Both studied breads were
prepared in the same size, shape, color, smell,
and packaging (by the same factory). The
breads were not labeled to decrease the risk of
biases. On each day of the study, participants,
investigators and analysts were blinded and
did not know about the type of bread allocated.
Each bread was cut with the equal shape and
weighing 90 grams and only the slice was
given to the participants.

Intervention

The subjects were instructed to abstain from
consuming unusual large meals, nicotine,
caffeine, or any other drugs and heavy
exercise the day prior to each experiment.
Each participant randomly consumed one of
the two investigated breads (white bread or
cumin bread) on two separate days. On each
study day, fasting blood sugar (FBS) was
taken from each volunteer; and 90 grams of
bread was distributed to each participant.

Then, they were asked to consume the bread
between 8 .00 am and 9.00 am after a 10-h
overnight fast. Bread was consumed in a
sitting position within 10 to 15 minutes; also,
participants were allowed to drink only water
and tea without sugar along with bread during
the study. The Participants were not permitted
to drink or eat anything else during the 2-hour
of the test. Each participant served as their
own control and bread was tested before
breakfast in simple random order on different
days, with at least one- week wash- out period
between each experiment. The random
sequence was generated using a simple
randomization  procedure  with  equal
probability of being assigned to each sequence
of the two types of breads for each volunteer.
Each study was completed on a separate
morning and the study days were considered
one week- interval apart from each other to
eliminate carryover effects. In the throughout
the procedure and in the interval between the
test days, the subjects continued their ordinary
diet and daily activities.

Measurement of variables

On each day of the study, FBS were
measured before consuming the breads (0
minute) using a calibrated finger-stick blood
glucose meter (GLUCOCARD™ (01-mini,
ARKRY, Japan).
On each day of the intervention, height
(HEIGHT 200 CM, NO 26 SM) and body
weight (OMRON HEALTHCARE CO, Ltd,
JAPAN) of each participant were measured
before the intervention while wearing light
clothing and unshod by a trained researcher to
the nearest 0.1 kg and 0.1 cm, respectively.
BMI was calculated as weight (kg) divided by
height (m?).

Satiety assessment

For all cases, subjective satiety sensations
were assessed using a 10 cm -long continuous
line visual analogue scale (VAS) (10). The
VAS anchored on a standard seven-point
Likert scale with the following categories: 3-
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("very hungry™); 2- ("Hungry"); 1- ("a little
hungry™); 0 ("no special feeling"); +1("a little
full™); +2(C*full™); +3 ("very full"). The
participants were asked, immediately before
bread consumption (0 min) and at 15, 30, 45,
60, 75, 90, 105, and 120 min after the bread
consumption, to rate their true sensation of
fullness or hunger by marking a line on a
VAS. Subjects could not refer to previous
times when ratings the VAS. Also, they did
not consult their hunger levels with each other.
The participants provided VAS data, and the
Satiety area under the curve (AUC) was
evaluated after the consumption of cumin-
enriched bread using the trapezoidal formula,
relative to white bread, which was considered
as the reference with an index of 100. SI was
obtained using the following formula.

AUC of cumin- enriched bread
SI= * 100
AUC of white bread

Statistical analysis

The normality for data (due to the small
sample size) was assessed using the Shapiro-
Wilk test. The total incremental area under the
curve (IAUC) was calculated for satiety
response following consumption of cumin
bread and white bread. The data are expressed
as meant SD. Statistical analysis was
conducted using the Statistical Package for the
Social Sciences (SPSS) software version 24
(SPSS Inc., Chicago, IL, USA). P< 0.05 was
regarded statistically significant. The SI was
compared between two types of bread using
paired t-test. The graph was drawn using
Graph pad prism 8.

Ethical considerations

At the beginning, after explaining of the
purpose and nature of the study to the
volunteers, written informed consent was
obtained from them. This trial was approved
by the University Research Ethics Committee
at Shahid Sadougi University of Medical
Sciences (IR.SSU.REC.1402.035) and was
registered in the Iranian registry of clinical
trials (http://www.irct.ir: IRCT201602210266
84N5). All the procedures were also carried
out according to the recommendation of the
CONSORT statement and the guidelines of the
Helsinki Declaration.

Results

A total of twelve healthy adults (9 females
and 3 males; mean age 34.25+5.13 years;
mean body mass index 22.13+2.49 kg/m2)
Table 1, completed the study (Figure 1 shows
the flowchart of the participants). Also, two
participants were excluded due to not strictly
following the study protocol.

Satiety index of cumin bread and white
bread

As shown in Table 2, the total satiety AUC
values after consuming cumin bread were
significantly higher than white bread (P=
0.0001). A significant difference was observed
between the Sl of the examined breads (P=
0.0001). The SI of cumin bread was
significantly higher than white bread (Figure
2). The Sl values of all 2 types of bread are
exhibited in the Table 2.

Table 1. Basic characteristic of participants

Variables Value

Sex (M/F) 3 (25) M/9 (75) F
Age (years) 34.25 (£5.13)
Weight (kg) 64.12 (+11.49)
Height (cm) 169.83 (£10.13)
BMI (kg/m2) 22.13 (+2.49)
FBS (mmol/L) 97.83 (£9.42)
PA (MET-min/day) 955 (+£305.95)

Calorie (kcal)

1978.54 (+582.17)

Data are presented as number (percentage) or mean+ SD.
Abbreviations: BMI: Body mass index; FBS: Fasting blood sugar; PA: physical activity.
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Side effects
During the study, the participants did not
report any adverse effects.

Discussion

The findings of the present study support the
hypothesis that the intake of cumin bread
significantly increased the SI in healthy
participants. Therefore, we could not exclude
that the difference in carbohydrate, energy,
protein, and dietary fiber contents of the two
breads could have justified at least partially
our results (7).

Different factors may influence SI. It seems
that the addition of cumin to bread has
increased the SI of the bread due to the high
fiber content and polyphenol in cumin (21,22).
These effects primarily can be explained not
only by the higher fiber and protein content in
cumin bread but also by reducing rate of
gastric emptying (8).

Indeed, the higher fiber and protein content
in cumin bread compared to white bread may
account for the increased satiety potentially by
delaying gastric emptying (1,5,23,24). Another
plausible explanation for the difference in

satiety measures between breads could be due
to differences in glycemic response and
attenuation the secretion of insulin (insulin is
correlated to short-term satiety regulation)
(4,20); However, insulin has a controversial
role (25).

Previous  studies have found that
polyphenols inhibit the action of carbohydrate-
digesting enzymes (22,26); Therefore, it is
thought that there is a significant inverse
association between the content of polyphenol
and the rate of starch digestibility (27).

On the other hand, several mechanisms have
been suggested for how fiber in cumin bread
aids in satiety greater: 1- Increasing chew
ability (28,29), 2- Increasing the bulk and
emptying time in the gastrointestinal tract (30).
Increasing the emptying time and the volume
of the digestive tract, which is related to the
fermentable and viscous properties of dietary
fibers, leads to stimulating the release of
satiety hormones by intestinal  cells
(cholecystokinin  (CCK), PYY, pancreatic
polypeptide (PP), and GLP-1) which play a
major role in regulating food consumption;
these hormones cross the blood-brain barrier,

Table2. The AUC and the Sl of white bread and cumin bread

Variables White bread (N=12) Cumin bread (N=12) P-value
AUC (mm/min) 151.9 (¥30.10) 233.2 (x27.92) 0.0001
Sl 100 152.86 (+61.1) 0.0001

Data are presented as number (percentage) or mean+ SD. P-value was obtained from paired t- test (2-tailed).

Abbreviations: AUC: Area Under the Curve; Sl: Satiety Index.

3

N
|

satiety level
T

Satiety level
-o- of white
bread

Satiety level of
cumin bread

0 IIIIIllllIIIIIIIIIIIIIIIIIIIII
0:50:00 1:40:00 2:30:00
-1- Time (min)
Figure 2. Changes in satiety after eating white bread and cumin bread
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bind to their receptors, which are the satiety
centers of the hypothalamus in the brain, and
suppress sensations of appetite (22,31-36);
Furthermore, Another possible explanation
might be that reducing gastric emptying rate
increases the time that macronutrients are in
contact with the absorptive surfaces and
potentially affects satiety (35).

These results are in line with findings from
previous studies. Isaac Amoah et al.
investigated how the consumption of
vegetable-enriched bread (VB) in comparison
to commercial white bread (WB) and wheat
meal bread (WMB) impact on appetite and
suppress food intake. This experimental study
randomized crossover design where 10
participants took a 75 g serve of WB, WMB,
or VB. The authors reported that the
consumption of the vegetable-enriched bread
resulted in increased fullness sensation
compared with commercial breads (22).
Keogh et al (2011) found that a laboratory
based test meal following the Burgen® Bread
breakfast reduced energy intake relative to a
breakfast with white bread (1).

In another study, the effect of rye bread

breakfast on subjective appetite during 8 hours
was investigated; Researchers found that
consumption of rye bread compared with
wheat bread has significant satiety effects (5).
Other authors did not find different satiety
responses. For example, a study by Clegg et al
showed that berries had no effect on satiety
when consumed with starch-rich pancakes
(30).
Shelly Coe and colleagues reported, addition
of polyphenol- rich extracts [green tea extract
(GTE) and baobab fruit extract (BAO)] into
white bread had no effect on satiety in healthy
participants (17). Different forms and doses,
and differences in dietary fiber content might
justify these divergent results.

The strength of the current research is the
use of a randomized, controlled crossover
design. Limitations of current study are (1) the
lack of polyphenols analysis after baking the
cumin bread, 2) Ethnicity of participants, 3)
Not measuring hormonal responses, 4) The

impossibility of distinguishing soluble and
insoluble dietary fiber in our breads
(determining the total dietary fiber content

only).

Conclusions

In conclusion, the addition of cumin to bread
favorably affected appetite sensations. Cumin
bread is not consumed widely in Iran, but it
should certainly be included as an alternative
to ordinary bread in the diet, to help
individuals reduce their daily calorie intake
due to its satiety properties. Hence, according
to the results obtained from this study, cumin
bread has a greater potential to enhance satiety
compared to white bread.

This result highlight cumin bread may be an
effective strategy for improving satiety in
healthy individuals. Further exploration of
these results will be useful in improving our
knowledge of how cumin bread may influence
the secretion of gastrointestinal hormones.
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