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The baobab fruit (Adansonia digitata L.) is found throughout regions of Africa and is becoming
increasingly recognized for its high nutrient and polyphenol content. Polyphenols have
been beneficial for their effects on reducing the glycemic response (GR) and for improving
various other metabolic parameters. Based on previous research, it was hypothesized that
the baobab fruit extract would reduce starch digestion in vitro and would show potential for
reducing the GR and for increasing satiety and diet-induced thermogenesis in humans. Six
extracts of baobab from 6 different locations in Africa were measured for their antioxidant
and polyphenol content using the ferric ion–reducing antioxidant power and the Folin-
Ciocalteu methods, respectively. Baobab extract was baked into white bread at different
doses to determine the optimal dose for reducing starch breakdown and sugar release from
white bread after an in vitro digestion procedure. In vivo, baobab extract was consumed in
solution at both a low-dose (18.5 g) and a high-dose (37 g) aqueous drink in 250 mL of water
along with white bread, and resulting GR, satiety, and postprandial energy expenditure were
measured. All extracts in this study were shown to be good sources of polyphenols. Baobab
fruit extract added to white bread at 1.88 % significantly (P < .05) reduced rapidly digestible
starch fromwhite bread samples. In vivo, the baobab fruit extract at both low and high doses
significantly (P < .05) reduced GR, although there was no significant effect on satiety or on
energy expenditure.

© 2013 Elsevier Inc. All rights reserved.
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1. Introduction

Africa is abundant in novel plant species known to be rich in
health-promoting compounds, many of which remain
undiscovered or unused by western society [1]. The baobab
tree, Adansonia digitata L., is widely distributed throughout
sub-Saharan Africa and Western Madagascar and has many
uses, including but not limited to its use in medicine, food,

and beverages [2,3]. This fruit is of increasing nutritional
interest because it may be a significant contributor to the
daily intake of important nutrient and nonnutrient com-
pounds [4]. Many studies have confirmed that baobab fruit
pulp is rich in vitamins and minerals [3,5-7] and contains a
high amount of both soluble and insoluble dietary fiber [3,5-9].
This fruit is also high in vitamin (vit) C, which contributes
to its overall antioxidant capacity [1,10-13], and is a good
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source of polyphenols, including certain flavonoids [1,14]
and tannins [15].

Polyphenols are thought to have an effect on starch
breakdown in foods. Deshpande and Salunke [16] found that
both tannic acid and catechins decreased the in vitro
digestibility of different starch sources. Yoon et al [17]
investigated the effect of phytic acid on starch digestibility in
vitro and in vivo. When phytic acid was added to raw wheat
starch, using an in vitro digestionmodel, it was found that the
addition of phytic acid directly after the salivary phase
decreased sugar liberation, yet little effect was seen through-
out the rest of digestion. In addition, in vivo the higher the
concentration of phytic acid added to a food in healthy people,
the lower the glycemic index of the food being consumed.

Polyphenols may also reduce the glycemic response (GR) in
vivo [18-21]. Fruit and fruit extracts are rich in polyphenols
and have shown promise for improving markers of diabetes
and increasing diet-induced thermogenesis (DIT) and satiety
[22-26]. In a streptozocin-induced diabetes rat model, extract
of baobab fruit caused a significant (P < .05) reduction in the GR
compared with the control [23]. Fruit extracts are also rich in
fiber; the baobab fruit extract powder contains approximately
30 g of insoluble fiber and 30 g of soluble fiber per 100-g
extract. Foods rich in soluble fiber, such as β-glucan, have been
shown to reduce the GR [27,28]. Therefore, polyphenols and/or
the fiber in various fruit extracts may be responsible for a
reduction in the GR postprandially.

Bolton et al [24] found that whole fruit produced a stronger
satiety rating than fruit juice, and it was found that the return
of appetite was also delayed with whole fruit consumption.
This increase in fullness was thought to be due at least in part
to the fiber content of the whole fruit. However, studies
looking at the effect of different foods and food compounds on
the association between satiety and DIT show conflicting
results. In a study investigating the polyphenol and fiber-rich
carob pulp, satiety postconsumption was increased compared
with the control [25]. In the same study, postprandial energy
expenditure (EE) was also found to be increased by 42.3%. In
contrast, Raben et al [26] found a reduction in DIT and an
increase in the feeling of fullness in subjects after they
consumed a high-fiber meal when compared with a low-
fiber meal. Therefore, polyphenols are thought to play a
significant role in the increase of EE [29].

It is hypothesized that baobab fruit extract will reduce
starch breakdown from white bread in vitro due to its high
polyphenol and/or fiber content. It is further hypothesized
that when tested in humans, baobab extract will reduce the
GR postprandially and will increase the feeling of fullness and
the amount of energy expended after consumption.

The specific aims of the present study were:

1. To analyze the antioxidant and polyphenol content and
the polyphenol bioaccessibility of 6 baobab extracts.

2. To test baobab extract for its effect on starch breakdown
and resulting sugar release fromwhite bread samples at
different doses.

3. To determine the effect of a low-dose (LD) baobab drink
and a high-dose (HD) baobab drink (sample 6, Baobab
super fruit powder; Min Vita, London, UK) on postpran-
dial GR, DIT, and satiety in humans.

2. Methods and materials

In vitro analysis.

2.1. Chemicals

All chemicals and reagents were of analytical grade and were
purchased from Sigma-Aldrich (Poole, UK). The extracts
included 5 different extracts of baobab fruit donated from 5
different geographical locations in Africa and 1 commercially
purchased baobab fruit extract (sample 6, Baobab super fruit
powder;MinVita, London,UK;Holland&Barrett, UK). A total of
6 extracts were selected to test for variability in polyphenol
content and bioaccessibility between extract locations. The
commercially available extract was the only extract used for
the remaining in vitro sugar release and human part of this
study and contained the following ingredients per 100g: 170
kcal, less than1 g total fat, 78 g total carbohydrate, 1.8 g protein,
30 g soluble fiber, 30 g insoluble fiber, 14 g total sugars, 0.6 mg
vit B1, 0.03 mg vit B2, 300mg vit C, 2500 mg potassium, 350mg
calcium, 2 mg iron, 148 mg magnesium, and 0.5 mg sodium.

2.2. Study protocol

Each sample was weighed out at 500mg and added to a 50-mL
solution of distilled H2O. All tests were carried out on a
minimumof 3 separate occasions, and sampleswere analyzed
in triplicate for each test.

2.3. Analysis of polyphenol and antioxidant content

2.3.1. Ferric ion–reducing antioxidant power
Samples from 6 baobab extracts were analyzed using the ferric
ion–reducing antioxidant power (FRAP) method adapted from
Benzie and Strain [30].

2.3.2. Folin-Ciocalteu
The polyphenol content of the 6 baobab extracts was analyzed
using the Folin-Ciocalteu reagent (FCR) method [31]. An
aliquot (200 μL) of extract was added to 1.5-mL FCR, which
had been diluted 1 in 10 with distilled H2O. The mixture was
allowed to equilibrate for 5 minutes and then mixed with 1.5
mL of sodium carbonate solution (60 g/L). After incubation at
room temperature for 90 minutes, the absorbance of the
samples was read at 725 nm using the respective solvent as a
blank. The results were expressed as milligram gallic acid
equivalents (GAE) per gram of sample.

2.4. Bioaccessibility of baobab polyphenols

Samples from 6 baobab fruit extracts were analyzed using an
in vitro digestionmodel adapted from Ryan et al [32]. Samples
were frozen until analysis.

2.5. Measurement of sugar release

The relative glycemic impact of baobab fruit extract was
measured to assess the effect of the baobabpolyphenols on the
inhibition of starch breakdown. Bread was used as the starch
source. This was achieved by performing a dose response
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using different concentrations of baobab fruit extract baked
into bread at 1.25%, 1.88%, 2.50%, 3.13%, and 3.75% and then
subjecting samples to an in vitro digestion procedure and
measuring the resultant reducing sugars released.

2.5.1. Bread preparation
White bread dough was made to a recipe as in Table 1. The
dough was then baked in a Russell Hobbs bread maker (model
no: 18036; Manchester, UK) for a total of 3 hours and 20
minutes. Samples of the bread were then prepared by
weighing 2.5 g and placing each into 60-mL specimen pots.
The pots were inserted into an aluminum heating block and
covered with an insulating sheet in readiness for testing.

When adding the baobab fruit extract powder (sample 6,
Baobab super fruit powder; Min Vita) to the white breads, the
flour and water content were altered to keep the overall
weight of the loaf at 500 g. Percentages were calculated based
on the entire 500-g loaf.

2.5.2. In vitro digestion
The in vitro digestion procedure consisted of a simulated
gastric digestion phase followed by an ileal digestion phase
with timed sampling at the end of the gastric phase and
during the ileal phase [33]. Samples were then incubated for
120 minutes with constant slow mixing, and aliquots were
taken at 20, 60, and 120 minutes during ileal digestion. The
tubes were centrifuged (1000 × rpm, 2 minutes) in a Biofuge
Primo Centrifuge (Heraeus Instruments; Kendro Laboratory
Products, Langenselbold, Germany), and an aliquot of the
supernatant was removed for analysis of reducing sugars.

2.5.3. Analysis of reducing sugars released during digestion
Sugar released from the bread during digestion wasmeasured
by a colorimetric method adapted from Englyst and Hudson
[34] designed to measure monosaccharides after an amylo-
glucosidase secondary digestion to complete depolymerisa-
tion of starch fragments. Absorbance was read at 530 nm on a
Shimadzu UV-1201 spectrophotometer (Shimadzu Corpora-
tion, Rydalmere, Australia), and sugar release wasmeasured in
milligrams per gram of bread sample. Slowly digestible starch

was extrapolated by subtracting the rapidly digestible starch
(RDS) measurement at 20 minutes from the reducing sugars
measurement at 120 minutes during ileal digestion [33].
Previous studies have shown that the in vitro analysis of RDS
can be correlated to the GR in vivo Englyst et al [35].

In vivo analysis.

2.6. Subjects

The current study was a randomized, single-blind, repeated-
measures design with volunteers fed 3 different test meals on
3 different days. Ten subjects were originally recruited based
on the guidelines on measuring the GR by the Food and
Agricultural Organization/World Health Organization (FAO/
WHO) [36] to take into account individual variations, with this
subject number being the same as that used by Sanaka et al
[37]. However, 1 subject dropped out due to personal reasons,
and therefore, 9 healthy female subjects (25.3 ± 4.8 years;
height 1.66 ± 0.05m;weight 61.2 ± 8.0 kg; bodymass index 22.3 ±
2.6 kg/m2; body fat 25.4% ± 7.7%; values are means ± SD) were
recruited for the study by means of advertisements and
personal communications. Before inclusion in the study,
potential participants were briefed on all aspects of the
experiment and were given the opportunity to ask questions.
This was followed by a health assessment, which included
anthropometric measurements and a health questionnaire
(giving details of food allergies/intolerances, metabolic dis-
eases, special dietary needs, and smoking habits). Those who
fulfilled all the acceptable criteria (age 18-60 years; body mass
index <30 kg/m2; blood pressure between 110 and 120/75 and 85
mm Hg; fasting blood glucose [BG] <6mmol/L; not on prescrip-
tion medication; no genetic or metabolic diseases) were
included in the study. On the day before each test, subjects
were asked to restrict their intake of alcohol and caffeine-
containing drinks and to refrain from strenuous physical
activity. To avoid any influence of the menstrual cycle on the
outcome of the study, all subjects were tested at the same stage
of their menstrual cycle.

The study was conducted at the Functional Food Centre at
Oxford Brookes University. All participants gave written
informed consent before starting, and the study was initiated
after the approval by the Oxford Brookes University Research
Ethics Committee according to the guidelines laid down in the
Declaration of Helsinki. On each test day, subjects arrived
between 7 and 9 AM on the morning after an overnight fasting
(10-12 hours before testing time).

2.7. Test meal

The 3 test meals were a control (C), an LD solution of baobab
fruit extract (LD) in 250 mL of water and an HD solution of
baobab fruit extract (HD) in 250 mL of water (sample 6; Baobab
super fruit powder). The control consisted of 132 g of white
bread (Sainsbury's White Sliced loaf, London, UK) and 250-mL
still water. The LD consisted of 123 g of white bread and 250-
mL still water with 18.5 g of baobab fruit extract added to
make a drink (37% baobab per g available carbohydrate [CHO])
and the HD consisted of 114 g of white bread and 250-mL still
water with 37 g of baobab fruit extract (74% baobab per g
available CHO).

Table 1 – Ingredients used to make white bread with
added baobab

Ingredients/
weights

Baobab % used per g
bread (500 g)

Baobab % used
per g CHO

190 g warm tap water 1.25% 2.70%
1 tbsp virgin olive oil 1.88% 4.07%
1 tsp salt 2.50% 5.46%
1 tbsp sugar 3.13% 6.87%
1 tbsp dried milk
powder

3.75% 8.30%

1 ½ tsp yeast
350 g strong
white flour

Baobab extract was added into breads and water and flour contents
were altered to keep overall loaf weights at 500 g after baking.
Values are expressed as percentage per 500 g loaf. Values are
also expressed as baobab percentage per gram of available
carbohydrate.
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Each of the 3 meals contained 50 g of available CHO, which
was calculated for each test meal using the procedure from
FAO/WHO [36], according to the nutrition information avail-
able from the bread label and the baobab suppliers.

2.8. Study design

Volunteers participated in a randomized, balanced, controlled
cross-over study where they consumed the C, LD, and HD on
separate days in a random order. On the day before testing,
volunteers were asked to record their food intake and repeat it
before subsequent tests.

2.9. Energy expenditure

On arrival in the laboratory, volunteers were asked to rest for
30 minutes in a supine position on a bed before baseline
measurements of resting metabolic rate were taken. Resting
metabolic ratewasdetermined in themorningbetween7and9
AM. Restingmetabolic ratewasmeasured at 1-minute intervals
for 30 minutes under the ventilated hood indirect calorimetry
system (Deltatrac II Metabolic Monitor; Datex-Ohmeda, Inc,
Helsinki, Finland). The analyzerwas calibrated on each test day
with standardized gases containing 5% CO2 and 95% O2.

Diet-induced thermogenesis was determined after the
breakfast meal for 15 minutes in every 30 minutes until 180
minutes [38]. The first 5 minutes of every 15-minute period
was discarded to allow for stabilization within the Deltatrac
hood, and the average of the remaining 10 minutes was used.
This period was recommended to be appropriate to measure
the DIT [38]. Diet-induced thermogenesis was calculated as
the increase in EE perminute above premeal values for 3 hours
after meal intake. Energy expenditure and fat oxidation were
calculated using the equations of Lusk [39].

2.10. Glycemic response

The protocol used to measure the BG response was adopted
from that described by Brouns et al [40] and is in line with
procedures recommended by FAO/WHO [36]. Blood was
obtained by finger prick using the Unistick 3 single-use
lancing device (Owen Mumford, Woodstock, UK). Before a
finger prick, subjects were encouraged to warm their hand to
increase blood flow. To minimize plasma dilution, fingertips
were not squeezed to extract blood but were instead gently
massaged starting from the base of the hand moving toward
the tips. The first 2 drops of expressed blood were discarded,
and the next drop was used for testing.

Blood glucose was measured using the HemoCue 201+
Glucose analyzer (HemoCue Ltd, Dronfield, UK). The HemoCue
is a reliable method of BG analysis [41]. Fasting blood samples
were taken at −5 and 0minute, and the test foodwas consumed
immediately afterwards within 15 minutes at a comfortable
pace. Further blood sampleswere then takenat 15, 30, 45, 60, 90,
120, 150, and 180 minutes after consuming the test meal.

The change in GR was calculated by computing the
difference between the BG concentration at a time point and
mean baseline BG concentration (based on 2 baseline values
taken 5 min apart). Because it represented the relative
increment in the GR at any time point compared with the

baseline value, it was this change in GR that was used for all
further analyses, including incremental area under the curve
(IAUC) calculated using the trapezoidal rule [40,42], BG
response curve construction, and statistics.

2.11. Satiety

One hundred–millimeter continuous line visual analog scales
(VAS) were used to measure subjective feelings of hunger,
fullness, desire to eat, and prospective food consumption. The
volunteers provided VAS data at baseline (0 minute) and at 30,
60, 90, 120, 150, and 180 minutes after the commencement of
eating the test food and after lunch. The specific questions
asked were, “How hungry do you feel?”, “How full do you
feel?”, “How strong is your desire to eat?”, and “How much
food do you think you can eat?”

2.12. Statistical analyses

The in vitro analysis experiments were carried out 3 times
with a minimum of 3 replicates of each sample. Comparisons
between samples were carried out by an analysis of variance
(ANOVA) and Tukey's multiple comparison test, and statisti-
cal analysis was performed using the SPSS version 17 (SPSS,
Chicago, IL). Results were expressed as the means ± SEM, and
significance was set at P < .05.

For in vivo testing, statistical analysis was performed using
SPSS (version 20.0), and data and figures were processed in
Microsoft Excel spread sheet (2006, Reading, UK). The IAUC
was determined for BG, total DIT, and fat oxidation using the
trapezoidal rule for values above the baseline. The relative
increment in the GR and EE at any time point compared with
the baseline value was used to assess the differences at each
time. The differences were assessed using a 3-factor repeated-
measures ANOVA with differences between the meal
assessed using contrasts within the ANOVA. Significance
was set at P < .05. Values are presented as means ± SD.

3. Results

In vitro.

3.1. Antioxidant and polyphenol content

Baobab samples 3, 4, and 6 had a significantly (P < .05) greater
antioxidant and polyphenol content than samples 1, 2, and 5,
as measured by both FRAP and FCR (Table 2), respectively. The
FRAP and FCR baseline values were shown to be positively
correlated (P < .01).

3.2. Polyphenol bioaccessibility

Polyphenol content as measured by the FCR method signifi-
cantly increased throughout digestion in all samples (P < .05;
Table 3) compared with the baseline polyphenol content.

3.3. Sugar release

The addition of baobab to white bread at 1.88%, 3.13%, and
3.75% significantly (P < .05) reduced sugar release compared
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with the control white bread at 20 and 60 minutes into
intestinal digestion (Fig. 1). There was no significant differ-
ence in the slowly digestible starch calculated values between
any samples.

In vivo.

3.4. Glycemic response

The GR showed an initial rise in BG following the test meal to
peak at 45 minutes for the 2 baobab doses and at 60 minutes
for the control. All 3 tests reached their nadir at 180 minutes
(Fig. 2).

The GR IAUC was significantly different between the 3
meals after 180, 120, and 60 minutes (P < .05), with the C meal
having the greatest GR (Table 4). In the first 60minutes, the HD
had the lowest GR, whereas over the entire 180 minutes, LD
attenuated the GR the most.

3.5. Energy expenditure

There were no significant differences in resting EE between
the 3 test days (C, 0.880 ± 0.087 kcal/min; 18.5 g, 0.897 ± 0.066
kcal/min; 37 g, 0.872 ± 0.084 kcal/min) with all 3 days having
similar baseline measurements.

Energy expenditure increased postprandially following
each of the 3 test meals. There were no significant differences
in EE following the 3 meals with total DIT being similar for the
3 meals (C, 13.75 ± 6.51 kcal; LD, 11.25 ± 5.91 kcal; HD, 13.42 ±
6.22 kcal).

3.6. Satiety

There was no significant difference between the visual analog
scores for any of the satiety parameters (hunger: C, 567 ± 437;
18.5 g, 550 ± 411; 37 g, 650 ± 363 mm/min; fullness: C, 689 ±
404; 18.5 g, 750 ± 424; 37 g, 653 ± 362 mm/min; desire to eat: C,
430 ± 184; 18.5 g, 578 ± 413; 37 g, 670 ± 339 mm/min;
prospective consumption: C, 409 ± 452; 18.5 g, 361 ± 345; 37 g,
567 ± 328 mm/min).

4. Discussion

4.1. Polyphenol content and bioaccessibility

Antioxidant content was measured using FRAP, and the high
antioxidant potential was in agreementwith previous studies,
which used various methods of antioxidant detection [1,10-
13]. All baobab fruit extracts were shown to be good sources of
polyphenols, with the commercial extract (sample 6) being the
most concentrated polyphenol extract out of the total 6
extracts. The donated extracts (1-5) were kept in clear plastic
bags, which may have been subjected to more air and light
oxidation than the commercial extract, which was in a solid
dark container. Therefore, some of the polyphenols in the
clear bags may have been destroyed before analysis. The
antioxidant content of fruits and fruit extracts has been
shown to be correlated with the amount of total polyphenols
[43,44], and this was also found in the current study. It has
previously been found that the bioaccessibility of phenolics
increases throughout digestion [45,46].The bioaccessibility of
polyphenols in the current study increased throughout the
digestive process, with approximately a 3-fold increase in
polyphenol concentration between the baseline and duode-
nal phase.

4.2. Starch breakdown and sugar release from bread

In this study, therewas a significant reduction in sugar release
at 20 and 60 minutes into the duodenal phase of digestion in
the 1.88% and also the higher concentrated baobab white
breads (excluding 2.5%), compared with control white breads.
Although polyphenols have been shown to reduce sugar
release from starch-rich foods [16,17], other studies have
shown an increase in starch digestibility with added poly-
phenols [47]. There are a few hypotheses that may account for
the decrease observed in the baobab breads. Polymeric poly-
phenols are usually not absorbed to any significant extent,

Table 2 – FRAP and FCR values for baobab samples 1 to 6 at
baseline, before in vitro digestion

Baobab FRAP (μmol/L) a FCR (mg GAE/g) a

1 1755.07 ± 28.30 24.94 ± 0.32
2 1666.79 ± 23.51 21.85 ± 0.27
3 2093.76 ± 61.38 ⁎ 27.58 ± 0.20 ⁎

4 2121.56 ± 44.80 ⁎ 26.95 ± 0.26 ⁎

5 1844.02 ± 43.69 24.68 ± 0.33
6 2167.68 ± 52.89 ⁎ 28.85 ± 0.47 ⁎

Samples 1 to 5 were donated from different geographical locations
in Africa. Baobab sample 6 is a commercially available extract
(Baobab super fruit powder).
a Values reported inmicromoles per liter relative to ferrous sulphate
(1000 μmol/L) andGAE per gramof sample. Values representmeans ±
SEM of 3 independent experiments; samples 3, 4 and 6 were
significantly higher in antioxidant content and polyphenols than
samples 1, 2, and 5.
⁎ P < .05.

Table 3 – Bioaccessibility of the polyphenol content after
the gastric and duodenal phases of digestion

Baobab Gastric (%) Duodenal (%)

1 270.8 330.6
2 293.0 361.2
3 222.5 274.5
4 239.7 292.0
5 252.2 299.4
6 223.9 269.1

Values are expressed as percentage increase from baseline and
were measured using an in vitro digestion procedure followed by
the Folin-Ciocalteu method described in the “Methods and
materials” section.
Samples 1 to 5 are baobab extract samples donated from different
geographical locations in Africa. Baobab sample 6 is the purchased
extract (Baobab super fruit powder).
Values are results from 3 independent experiments (n = 3). All
samples showed a significant (P < .05) increase in bioaccessibility
of polyphenols at the gastric and duodenal phase compared with
the baseline.
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and thus, they have potential to bind to starch molecules in
foods, slowing the rate of starch breakdown [48]. Baobab is
rich in compounds such as high-molecular-weight tannins
[15], which may be interfering with starch degradation. The
polyphenols in the extract may be inhibiting digestive

enzymes such as α-amylase and α-glucosidase, thereby
preventing the breakdown of starch [49,50]. However, the
exact polyphenol composition of the baobab fruit is currently
unknown, and further work is required to understand how
these polyphenols may be exerting their effect.
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Fig. 1 – Sugar release in milligrams per gram of bread sample for each bread containing different concentrations of baobab
extract, expressed as percentages at each stage of digestion. Percentages of baobab were calculated with baobab extract
added into white bread to make a total loaf weight of 500 g. Each colored bar represents different stages of digestion, with
20, 60, and 120 minutes representing the different intestinal stages of digestion. Twenty minutes into intestinal digestion
is considered the RDS phase when there is a rapid increase in sugar release. Slowly digestible starch can be calculated
from subtracting the sugar release at 20 minutes from the sugar release at 120 minutes and is considered the low glycemic sugar
release. *P < .05 denotes significant decrease in sugar release comparedwith controlwhite bread (no added baobab extract). Values
represent means ± SEM of 3 independent experiments (n = 3).

Fig. 2 – The change in blood glucose response from baseline (expressed in millimoles per liter) following the consumption of
white bread in conjunction with 250-mL water (C) or with 18.5-g baobab or 37-g baobab made up into solutions with 250 mL of
water, to equal quantities (50 g) of available carbohydrate. Finger prick blood samples were taken at 15-minute intervals for the
first hour and then every 30minutes for the last 2 hours, following the consumption of the test meal. Data are given asmeans ±
SD (n = 9).
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The soluble fiber in the extract may also be contributing to
a reduction in sugar release, as fiber has continuously been
shown to reduce postprandial glycemia [42,51-54]. In the
current study, soluble fiber from baobab may have formed a
viscous matrix reducing the rate of starch breakdown and
sugar release into solution. However, Thondre et al [55] found
that polyphenols, not soluble fiber, may be the main
contributing factors to reduced GR in carbohydrate-rich
foods such as oats. Oats were shown to have a significant
amount of polyphenols, with a negative correlation between
polyphenol content and RDS (−0.743). However, contrary to
what was once thought, there was no correlation between
fiber content and the digestibility of the starch in oats. This is
a unique study in that it was the polyphenols, not the fiber
content of the oats that reduced sugar release. The reduction
in sugar release after consumption of baobab fruit extract in
the current study may, therefore, be largely due to the
polyphenols in the extract.

4.3. Glycemic response, satiety, and DIT

The consumption of the LD and HD baobab fruit extract drinks
significantly reduced the GR to white bread. The HD baobab
meal stabilized the BG peaks more over the 3-hour period
compared with the other 2 meals. What may be more
important than lowering overall IAUC may be preventing the
large spikes in BG 30 to 45 minutes after a meal [56]. Both the
fiber and the polyphenol content of the concentrated baobab
extract may be contributing to the reduction in GR in vivo.

Satiety is dependent on many aspects of food intake,
including the change in the GR, nutrient composition,
hormonal changes, and gastric emptying rates. In the current
study, baobab fruit extract had no effect on satiety measures.
The glucostatic theory states that the change in BG levels
between meals has an effect on hunger [57]. Therefore, any
food that can stabilize BG levels, such as seen in the HD meal,
may reduce hunger and thus prove beneficial in weight
management. Taking this into account and also that the
fiber content was increased in the HD baobab meal, it is of
interest that there was no corresponding increase in satiety as
shown in previous studies [25,26]. In the current study, there
were the limitations of a low subject number for measuring
satiety [58] and VAS were used as a measure of subjective

hunger and they may not always reflect actual subsequent
food intake [59]. Therefore, an ad libitum test meal may have
been a more accurate reflection of satiety; however, given the
desire to measure DIT and GR for 180 minutes postprandially,
this was not deemed possible as by 180 minutes any
differences in satiety would not be visible.

There was no significant difference between the control
meal and the LD or HD meal on postprandial EE. Macronutri-
ents have a hierarchy for increasing postprandial EE, alcohol,
and protein increasing DIT more than carbohydrate and fat
[60]. In the current study, available CHO was kept constant
between groups, and neither white bread nor baobab is a
major source of protein and/or fat; therefore, macronutrient
content between groups was not largely different. However,
there was a large increase in the amount of fiber being
consumed as baobab content increased. As mentioned,
although fiber-rich foods have previously been shown to
reduce the GR and increase satiety, the findings on DIT are
more controversial with both increases and decreases in DIT
demonstrated [25,26]. Polyphenols found in green tea, such as
epigallocatechin-gallate, and other catechins have been
shown to increase 24-hour EE [61]. However, Dulloo et al [61]
analyzed polyphenols in isolation of other macronutrients,
and therefore, more studies are needed to be done on whole
polyphenol–rich extracts and total EE.

In conclusion, this is a novel study as no other study to
date has looked at the effect of exogenously added baobab
fruit extract on sugar release, satiety, or DIT. The baobab fruit
is a rich source of bioaccessible polyphenols, and the current
study shows the potential of baobab for reducing the GR to
carbohydrate-rich foods both in vitro and in vivo. This is in
good correlation with the results from previous studies.
However, there was no effect of baobab fruit on satiety or on
DIT in either the LD or HD meal. Apart from the use of VAS
and the low subject number, there are some other limita-
tions to the methods used in this study. Future studies will
need to determine the individual polyphenols present in the
extracts to identify which polyphenols or group of poly-
phenols may be eliciting the effects on GR. Furthermore, an
enzyme inhibition assay should be performed to determine
the effect of baobab fruit on digestive enzyme activity.
Finally, further human studies on GR would be essential for
determining the optimal dose of baobab fruit extract in
reducing postprandial glycemia.
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