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Summary

This study investigated the potential cardiovascular health beneﬁts of leavened bread produced from
wheat ﬂour that contained 1%, 2% and 3% additions of leafy vegetable powders obtained from Amaranthus viridis (AO), Solanum macrocarpon (SM) or Telfairia occidentalis (TO). Dried breads were extracted
with water at 60 °C followed by analysis for total polyphenolic content (TPC), as well as in vitro inhibitions of angiotensin-converting enzyme and renin activities. HPLC analysis of the bread extracts indicated
the presence of mainly rutin, gallic acid, myricetin and caﬀeic acid. TPC of the vegetable-fortiﬁed breads
was signiﬁcantly (P < 0.05) higher (5.8–7.6 mg gallic acid equivalent, GAE/g) than that of control bread
(5.5 mg GAE/g). Oral administration of 100 mg dried extract/kg body weight to spontaneously hypertensive rats led to reductions (up to 42 mmHg) in systolic, diastolic and mean arterial blood pressure in comparison with 20 mmHg for the control bread.
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Introduction

Baked products, especially breads, are consumed
worldwide as a major staple food for most people,
with consumption ranging from one to three times
daily depending on social factors and the type of
bread. Therefore, baked foods could provide bioactives
or be used as an avenue for the addition of various
bioactive components with acceptable outcomes once
the formulation is acceptable on the plate (Hayta &
Gamze, 2011). For example, a regular white bread diet
was shown to reduce hypercholesterolaemia in mice
after a 6-week feeding period (Pozzo et al., 2015). Several studies have also fortiﬁed wheat bread to improve
its nutritional beneﬁts by changing the composition of
ﬂour and/or its bioactivity through addition of ingredients such as vitamins, minerals and phytochemicals
(Peng et al., 2010; Jensen et al., 2011; Altunkaya et al.,
2013). These additions can improve processing ability
or alter the texture, taste and appearance and may also
have negative eﬀect on sensory attributes of the end
*Correspondent: E-mail: rotimi.aluko@umanitoba.ca
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product, while also improving health beneﬁts (Altunkaya et al., 2013).
High blood pressure or hypertension (the pathological condition) is a prevalent ailment that aﬀects both
males and females worldwide with a huge part of
developing countries, especially the African populace
having the highest prevalence (NCD, 2017). Due to
the high cost of antihypertensive drugs in developing
countries, a plausible approach to reducing hypertension-related fatalities is the use of nutrient-fortiﬁed
foods. Even in developed countries where antihypertensive drugs are highly accessible, the occurrence of
negative side eﬀects such as dry cough, oedema and
erectile dysfunction also provides opportunity for
intervention with fortiﬁed foods (Gunkel et al., 1996;
Flack et al., 1997; Tenenbaum et al., 2000). Human
blood pressure is regulated mainly by the renin-angiotensin system (RAS) whereby renin converts
angiotensinogen to inactive angiotensin-I, which is
then acted upon by angiotensin-converting enzyme
(ACE) to form angiotensin-II, a powerful vasopressor
peptide (Santos et al., 2012; Aluko, 2015). Under conditions of excessive activities of RAS such as disease,

1705

1706

Antihypertensive bread extracts A. M. Alashi et al.

old age or nutritional imbalance, there is over-production of angiotensin-II, which prevents adequate
relaxation of blood vessels and leads to the development of high blood pressure (Aluko, 2015). Therefore, compounds (mostly drugs) that reduce renin and
ACE activities have been traditionally used to
enhance blood vessel relaxation and prevent or treat
high blood pressure. However, the associated negative
side eﬀects of drugs have led to the development of
natural compounds that can prevent or provide relief
from high blood pressure. One group of such natural
compounds is the polyphenols, which are highly
abundant in plant products and are known inhibitors
of the RAS components, especially ACE (Actis-Goretta et al., 2006; Takahashi et al., 2008; Xie & Zhang,
2012; Shaw et al., 2017). For example, oral administration of a polyphenolic-rich fruit beverage to spontaneously hypertensive rats (SHR) resulted in
decreased blood pressure (Gunathilake et al., 2013).
Chokeberry juice and its polyphenols at a dose of
50 mg kg1 body weight/day were also reported to
produce substantial reductions in SHR blood pressure
(Hellstrom et al., 2010). However, a recent report on
a leaf (Ocimum gratissimum) polyphenol extract indicated decreased blood pressure only at a high dose of
500 mg kg1 body weight of SHR (Shaw et al.,
2017).
Leafy vegetables are very rich sources of phytochemicals, especially polyphenols that can contribute
to improved human health. This is because even
though these phytochemicals have few or zero caloric
values, they possess bioactive properties that have been
linked to reduced risks of chronic diseases such as
antioxidative, antihypertensive, anticancer, anti-bactericidal and antiviral properties at low concentrations
(Kayode & Kayode, 2011; Sreeramulu et al., 2013;
Gawlik-Dziki et al., 2014; Oboh et al., 2016; Shaw
et al., 2017). Several works have focused on the extraction of polyphenols from leafy vegetables, including
determination of the extract bioactive properties while
others have studied the prevention of lipid peroxidation and other antioxidant properties (Kayode & Kayode, 2011; Segovia G
omez & Almajano Pablos, 2016;
Shaw et al., 2017). However, research that focuses on
both the in vitro and in vivo activities of polyphenolfortiﬁed food systems is limited, especially with respect
to blood pressure reduction. Previous works have
shown the potential use of vegetables to enhance
bioactive properties of bread. For example, phenolic
contents as well as antioxidant properties were shown
to be higher in vegetable-enriched wheat breads than

plain bread (Swieca
et al., 2013, 2014; Ranawana
et al., 2016a,b).
Therefore, our study investigated the high blood
pressure-lowering ability of bread fortiﬁed with vegetable leaf powder obtained from three most
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commonly consumed green leafy vegetables in West
Africa: Amaranthus virdis (AV) or amaranth; Solanum
marcrocarpon (SM) or African eggplant; and Telfaria
occidentalis (TO) or ﬂuted pumpkin. These leaves are
used by mostly all ethnic groups and regions in West
Africa for various dishes and side dishes. These vegetables have both medicinal and nutritional properties
because they have been found to contain phenols such
as rutin, gallic acid, catechin, caﬀeic acid and quercetin, which can contribute to improved human health
(Katerere et al., 2012; Oboh et al., 2016). The main
aim of this work was to determine the blood pressurelowering eﬀects of vegetable leaf-fortiﬁed leavened
bread samples following oral administration of their
aqueous extracts to SHR. The ability of the aqueous
extracts to inhibit in vitro activities of renin and ACE
activities was determined to evaluate the potential
inﬂuence on the RAS.
Materials and methods

Materials

Rabbit lung ACE, N-[3-(2-furyl) acryloyl]-L-phenylalanyl-glycyl-glycine (FAPGG), captopril and polyphenol
standards were purchased from Sigma Chemicals (St.
Louis, MO, USA). Human recombinant renin inhibitor screening assay kit was purchased from Cayman
(Cayman Chemical, Ann Arbor, MI, USA). All other
reagents were of analytical grade and purchased from
Fisher Scientiﬁc (Oakville, ON, Canada).
Preparation of vegetable leaf-fortified leavened bread
samples

Vegetable leaves were harvested from the MicroVeg
Project 107983 site located at the Teaching and
Research Farm, Obafemi Awolowo University, Ile-Ife,
Nigeria. Leaves were dried and incorporated into
wheat ﬂour leavened bread formulations as previously
described (Famuwagun et al., 2016). Brieﬂy, freshly
harvested leaves were cut into small pieces, dried in a
hot air cabinet at ~60 °C for 8 h and then milled into
powder in a Marlex Excella dry mill (Marlex Appliances PVT, Daman, India). The dried leaves were
substituted for enriched wheat ﬂour at 1%, 2% and
3% (w/w) using 200 g batches. The straight-dough
method was used to mix the ingredients as follows:
200 g of composite ﬂour blends (wheat ﬂour + vegetable powder), yeast (6 g), salt (4 g), oil (10 g), sugar
(6 g) and water (120 mL). Dough preparation and
baking were conducted under previously reported
conditions (Famuwagun et al., 2016). After cooling,
the baked bread was cut into small pieces, freezedried and ground into a powder using a laboratory
blender.
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Preparation of bread polyphenol extracts

Aqueous polyphenol extracts were prepared from dried
bread powders as previously reported (Lafarga et al.,
2016). Brieﬂy, ground bread powders were extracted
using double distilled water at 1:20 (powder:water)
ratio for 2 h at 60 °C under constant stirring. The
samples were cooled to room temperature and centrifuged (8000 9 g) to obtain the ﬁrst supernatant.
The residue was re-extracted with twenty volumes of
water under the same conditions and then centrifuged
as before to obtain a second supernatant. Both supernatants were pooled, concentrated under vacuum in a
rotary evaporator, freeze-dried and stored at 20 °C.
Determination of the total phenolic contents in bread
extracts

The bread extracts and gallic acid (standard) were each
mixed with 50% methanol to obtain 1 and 10 mg mL1
stock solutions, respectively, which were then passed
through a 0.45 lm syringe ﬁlter to remove particulates.
TPC of the bread extracts was determined according to
the Folin–Ciocalteu method as previously described
(Fasakin et al., 2011).
High-pressure liquid chromatography (HPLC)

The polyphenolic proﬁle of each bread extract was
determined
using
a
5 lm
C18
analytical
(250 9 4.6 mm) reverse-phase HPLC column (Phenomenex Inc., Torrance, CA, USA) ﬁtted on a Varian
940-LC system (Agilent Technologies, Santa Clara,
CA, USA). Polyphenol standards (gallic acid, catechin,
rutin, myricetin and caﬀeic acid) were dissolved in
ethanol at 0.5 while 10 mg mL1 of the dried bread
extracts was prepared in 1% (v/v) acetic acid. A
100 lL aliquot of each standard or sample was
injected onto the column at 37 °C. An isocratic gradient was used with 1% acetic acid as elution buﬀer.
Elution times of the peaks obtained from the standards were compared to those of the samples to identify their polyphenol proﬁles.
Angiotensin-converting enzyme and renin inhibition
assays

The in vitro inhibition of ACE (0.5 mg mL1) and
renin (1 mg mL1) activities was determined according
to previously described methods (Alashi et al., 2014).
FAPPG was used as ACE substrate, and absorbance
changes were recorded at 37 °C and 345 nm wavelength for 30 min at 1 min intervals. ACE activity was
expressed as the change in the rate of reaction (ΔA/
min), and inhibitory activity was calculated using the
following equation:

© 2018 Institute of Food Science and Technology

ACE inhibitionð%Þ ¼


SlopeðDA=minÞðblankÞ  SlopeðDA=minÞðsampleÞ
SlopeðDA=minÞblank

 100

where (DA/min)(blank) and (DA/min)(sample) are ACE
activities in the absence and presence of samples,
respectively.
Renin inhibition was carried out using the renin
assay kit according to the manufacturer’s instructions.
The ﬂuorescence intensity was measured at excitation
and emission wavelengths of 340 and 490 nm, respectively for 10 min. Percentage inhibition of renin was
calculated using the following equation.
Renin inhibitionð%Þ ¼


ðFI of balnk well  FI of sample wellÞ
 100
ðFI of blank wellÞ
Blood pressure measurements

The animal study was carried out in conformity with
the Canadian Council for Animal Care guidelines and
according to protocols approved by the University of
Manitoba Animal Care Committee. Male SHRs at
6 weeks were purchased from Charles River Laboratories (Montreal, PQ, Canada) and implanted with
telemetry sensors after 2 weeks of acclimatisation (under 12-h day and night cycle at 21 °C) with ad libitum
access to regular chow feed and tap water. Details of
the surgical implantation of sensors have been previously described by O’Keeﬀe et al. (2017). The SHRs
were allowed a 2-week recovery from the surgery
before proceeding to oral administration of test agents.
Oral administration of the bread extracts was conducted as previously reported (Lafarga et al., 2016)
with captopril (antihypertensive drug) as a positive
control). The bread extracts were orally administered
in a total volume of 1 mL at 100 mg kg1 rat body
weight dose while captopril was 20 mg kg1 body
weight. Real-time systolic and diastolic blood pressure
(SBP and DBP, respectively) measurements (mmHg),
mean arterial pressure (MAP) (mmHg) and heart rates
(HR) in beats per min (bpm) were collected in a quiet
room with each rat cage placed on the respective receiver (Model RPC-1; DSI instruments, St. Paul, MN,
USA). Data were recorded continuously at 10 min
intervals for 24 h using the Ponemah 6.1 data acquisition software (DSI instruments). The system was
linked to an APR-1 atmospheric pressure monitor
(DSI instruments), which normalises the transmitted
pressure values to produce blood pressure signals independent of atmospheric pressure changes. Results are
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reported as changes in values of the SBP, DBP, MAP
and HR at 2, 4, 6, 8, 12 and 24 h minus their baseline
measurements at time zero.

GAEIQ)
(mg

Statistical analysis

Data are presented as mean  standard deviation and
analysed by analysis of variance with post hoc evaluation carried out using Duncan’s Multiple Range test to
determine signiﬁcant diﬀerences at P < 0.05 using
SPSS version 22.0.
Results

conte

polyhenol
Total

Total polyphenolic content and polyphenol profiles

Total polyphenolic content of bread extracts was measured with respect to the mg GAE/g polyphenol-fortiﬁed bread on a dry weight basis. Figure 1 shows that
bread fortiﬁcation with the leafy vegetables resulted in
signiﬁcant (P < 0.05) increases in TPC depending on
the inclusion level. All the bread samples fortiﬁed with
3% vegetables had signiﬁcantly higher TPC levels than
the control white bread. However, incorporation of
2% AV, 1% TO and 1% SM did not produce signiﬁcant changes in TPC when compared to the control
white bread. The polyphenol proﬁles of the fortiﬁed
bread extracts showed similar levels with gallic acid,
catechin, rutin, myricetin and caﬀeic acid as the main
identiﬁable compounds (Fig. 2). However, the control
bread did not contain a measurable level of the peak
that eluted at 35 min, which suggests that the compound in this peak originated mainly from the vegetable leaves. As expected, the proﬁle did not change
when diﬀerent levels of the leaf extracts were incorporated into the bread samples.
In vitro angiotensin-converting enzyme and renin
inhibitions

Figure 3a and b shows that the control- and vegetable-fortiﬁed bread extracts inhibited ACE and renin
activities at 0.5 and 1 mg mL1, respectively, although
to diﬀerent extents. The control bread extract had signiﬁcantly (P < 0.05) highest ACE activity inhibition
(23.9%), which could have been due primarily to the
peptides that were released from yeast enzyme-dependent hydrolysis of wheat proteins during dough fermentation (Fig. 3a). The ACE-inhibitory activity for
AV-fortiﬁed bread samples increased signiﬁcantly and
was dose-dependent (10.6%–15.6%) from 1% to 3%.
However, ACE inhibition by SM- and TO-fortiﬁed
bread extracts decreased (15.5%–6.8% and 18.0%–
4.6%, respectively) as level of fortiﬁcation increased
from 1% to 3%. Figure 3b shows weak renin inhibition by control (5.9%) and TO (5.0%–7.7%) bread
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Figure 1 Total phenolic content (mg gallic acid equivalent, GAE/g
dry bread extract) of aqueous extracts of control bread (0%) or
bread fortiﬁed (1%–3%) with Amaranthus viridis (AV), Solanum
macrocarpon (SM) and Telfairia occidentalis (TO) leaves. Data are
expressed as mean  standard deviation. Bars having the same letter
are not signiﬁcantly diﬀerent (P < 0.05). [Colour ﬁgure can be
viewed at wileyonlinelibrary.com]

extracts, which suggest minimal ability of wheat
polyphenols to interact with the enzyme protein. In
contrast, renin inhibitions by AV (11.3%–18.3%)- and
SM (37.2–44.2)-fortiﬁed bread extracts were signiﬁcantly (P < 0.05) higher than those of the control and
TO-fortiﬁed breads.
Systolic blood pressure and diastolic blood pressure

The ability to reduce SBP is a critical feature of antihypertensive agents and the three vegetable extracts
were very eﬀective in this respect (Fig. 4a). The control bread (0%) extract showed a fairly consistent (approx. 20 mmHg) SBP-lowering eﬀect over 8 h while
at 12 and 24 h, there were no signiﬁcant (P < 0.05)
reductions in SBP by the control bread extract. In contrast, SBP reductions by the vegetable-fortiﬁed breads
were signiﬁcantly (P < 0.05) higher especially at the
2% and 3% inclusion levels compared with the control
bread. The 1% and 2% AV-fortiﬁed bread samples
did not produce signiﬁcantly (P > 0.05) diﬀerent SBP
reductions compared with the control bread. However,
the 3% AV-fortiﬁed bread produced signiﬁcantly
(P < 0.05) diﬀerent SBP reductions with the highest
value of 42 mmHg after 4 and 6 h. For SM-fortiﬁed
bread samples, only the 2% had signiﬁcant (P < 0.05)
SBP-lowering eﬀect (42 mmHg at 4 and 6 h) that
was diﬀerent from that of the control bread but similar to the 3% AV-fortiﬁed bread. The 2% TO-fortiﬁed
bread with up to 37 mmHg after 6 h was also

© 2018 Institute of Food Science and Technology
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L’)-A4IVE>~
Figure 2 HPLC proﬁle of aqueous extracts
of control bread (0%) or bread fortiﬁed
(1%–3%) with Amaranthus viridis (AV),
Solanum macrocarpon (SM) and Telfairia
occidentalis (TO) leaves. The diﬀerent alphabets indicate the presence of the following
polyphenols: A, gallic acid; B, rutin; C, myricetin; and D, caﬀeic acid). [Colour ﬁgure
can be viewed at wileyonlinelibrary.com]
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signiﬁcantly (P < 0.05) better than the 1% and 3% in
reducing SBP. The DBP also showed signiﬁcant
(P < 0.05) reductions at same vegetable levels (3% for
AV and 2% for SM and TO) that produced maximum
SBP-lowering eﬀects (Fig. 4b). The maximum DBP
reduction for the control bread was 20 mmHg and
was fairly consistent for 8 h and became very weak at
12 and 24 h, which is similar to the SBP eﬀects. The
2% TO-fortiﬁed bread produced the strongest DBP
reductions with maximum of 42 mmHg at 6 and 8 h
compared with 31 mmHg for 3% AV and 2% SM
with 31 mmHg. The 3% AV or 2% SM and TO also
produced signiﬁcantly (P < 0.05) long-lasting DBP
reductions with up to 27 mmHg after 24 h when
compared to the control bread (4 mmHg).
Mean arterial pressure

The MAP showed similar patterns as the SBP and
DBP but with higher reductions and similar values at
4–12 h for the 1% AV and 3% AV-fortiﬁed bread
samples (Fig. 5). The control bread showed very weak
MAP reduction after 2 h (7 mmHg), increased to a
maximum at 6 h (24 mmHg) but with decreased
eﬀect at 12 h (7 mmHg) and 24 h (5 mmHg). In
comparison with the control bread, the vegetable-fortiﬁed bread samples had signiﬁcantly (P < 0.05) higher
MAP values, especially the 1% (40 mmHg at 4 h)
and 3% AV (38 at 4 h). The 2% SM and TO-fortiﬁed breads were also more potent than the control
bread as MAP-reducing agents with maximum values
of 37 mmHg at 6 h and 42 mmHg at 8 h, respectively.
Heart rate

The average resting heart rates of the rats range from
315 to 330 bpm prior to oral administration of test
samples. Unlike blood pressure, vegetable-fortiﬁed
bread was not as eﬀective as captopril (166 bpm) in
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Figure 3 Inhibition of in vitro activities of
ACE (a) and renin (b) by aqueous extracts
(0.5 and 1.0 mg mL1, respectively) of control bread (0%) or bread fortiﬁed (1%–3%)
with Amaranthus viridis (AV), Solanum
macrocarpon (SM) and Telfairia occidentalis
(TO) leaves. Data are expressed as
mean  standard deviation. Bars with the
same letter are not signiﬁcantly diﬀerent
(P < 0.05). ACE, angiotensin-converting
enzyme. [Colour ﬁgure can be viewed at
wileyonlinelibrary.com]

reducing heart rate (Fig. 6). However, the 3% AV-fortiﬁed bread and 2% SM-fortiﬁed bread extracts had
signiﬁcantly higher heart rate reductions with maximum 102 (bpm) at 6 h. This value is higher
(P < 0.05) than the 43 bpm obtained for the control
bread. The TO-fortiﬁed bread extract produced a maximum heart rate reduction of 66 bpm, which was not
signiﬁcantly diﬀerent from the control bread. But the
66 bpm eﬀect of TO-fortiﬁed bread is lower than the
102 bpm obtained for the 3% AV-fortiﬁed bread
and 2% SM-fortiﬁed bread.
Discussion

In this work, aqueous extracts were used because initial extraction of the dried bread samples with organic
solvents or aqueous organic solvent mixtures produced
very insoluble materials. These organic extracts did
not dissolve properly in the aqueous assay media used
for various experimental protocols. Vegetable fortiﬁcation of wheat ﬂour has been previously demonstrated
by various researchers as a veritable means of enhancing the nutritional quality of bread samples (Gawlik
Dziki et al., 2014; Swieca
et al., 2014; Ranawana
et al., 2016a). For example, breads fortiﬁed with diﬀerent vegetables such as carrot, tomato, beetroot, and
broccoli (Ranawana et al., 2016a) or onion skin

(Swieca
et al., 2013) had higher TPC content than
plain bread. Speciﬁcally, the addition of 4% (w/w)
onion skin to wheat ﬂour produced breads that contained 6.5 mg GAE/g TPC when compared to ~4.0 mg

GAE/g for the control (Swieca
et al., 2013). Therefore,
results from this work are consistent with previously
reported increases in TPC of vegetable-fortiﬁed bread.
The TPC values obtained in this work ranged from
5.5 mg GAE/g in the control bread to a maximum of
7.6 mg GAE/g in the bread fortiﬁed with 3% SM,
which are higher than the data reported for onion skin
and broccoli sprout-fortiﬁed breads. The diﬀerences in
TPC of control bread could be due to the wheat
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Figure 4 Changes in systolic blood pressure (a) and diastolic blood pressure (b) of spontaneously hypertensive rats after oral gavage
(100 mg kg1 body weight) using aqueous extracts from control bread (0%) or bread fortiﬁed (1%–3%) with Amaranthus viridis (AV),
Solanum macrocarpon (SM) and Telfairia occidentalis (TO) leaves. Data are expressed as means  standard deviation. [Colour ﬁgure can be
viewed at wileyonlinelibrary.com]

variety used in each study while the higher TPC values
of fortiﬁed breads in this work suggest that the leaves
contained higher polyphenol contents than the onion
skin and broccoli sprouts. Wheat ﬂour fortiﬁcation

© 2018 Institute of Food Science and Technology

with quinoa leaves (1%–5%, w/w) was also shown to

dose-dependently increase bread TPC content (Swieca
et al., 2014). However, the HPLC chromatogram
shows that there were only minor changes in the
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polyphenol proﬁle when diﬀerent levels of the leaf
extracts were incorporated into the bread samples.
Apart from catechin, a previous work has also shown
the presence of gallic acid, rutin, myricetin and caﬀeic
acid in TO and AV leaves (Oboh et al., 2016).
The human RAS that regulates blood pressure is
controlled mainly by the protease activities of ACE
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Figure 5 Changes in mean arterial pressure
(MAP) of spontaneously hypertensive rats
after oral gavage (100 mg kg1 body weight)
using aqueous extracts from control bread
(0%) or bread fortiﬁed (1%–3%) with
Amaranthus viridis (AV), Solanum macrocarpon (SM) and Telfairia occidentalis (TO)
leaves. Data are expressed as means  standard deviation. MAP, mean arterial pressure. [Colour ﬁgure can be viewed at
wileyonlinelibrary.com]

and renin; hence their in vitro inhibitions are typically
used to measure potential antihypertensive eﬀects (Alashi et al., 2014; Girgih et al., 2016). The ACE-inhibitory activity of the control bread (24%) in this work is
higher than the ~10% ACE inhibition reported for
plain wheat bread (Pe~
nas et al., 2015). The diﬀerence
may be due to variation in the type of proteins present
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in the wheat ﬂours or the proteolytic activity of the
yeasts could have diﬀered. The ACE-inhibitory activity
for AV-fortiﬁed bread samples increased signiﬁcantly
and was dose-dependent (10.6%–15.6%) from 1% to
3%. However, ACE inhibition by SM- and TO-fortiﬁed bread extracts decreased (15.5%–6.8% and
18.0%–4.6%, respectively) as the level of fortiﬁcation
increased from 1% to 3%. The exact reasons for these
diﬀerences are not clear but it is possible that at 1%
AV fortiﬁcation, polyphenols bind to ACE protein in
such a way that more polyphenolic compounds can
still bind to increase inhibitory potency at 2 and 3%
levels of AV in the bread. In contrast, at the 1% SM
and TO inclusion level, there was maximum binding to
ACE protein; as the level increased to 2 and 3%,
polyphenol–polyphenol interactions may be stronger
than polyphenol–ACE interactions, hence reduced
ACE-inhibitory activity. The lower ACE inhibition by
vegetable-fortiﬁed breads may have been due polyphenol interactions with peptides, which led to weak peptide binding to the ACE protein when compared to
the control bread. It is also possible that the polyphenols bind to proteases released by yeast during fermentation, which reduced the release of ACE-inhibitory
peptides from the wheat proteins. This protease inhibition would have increased as the level of polyphenol
addition was raised from 1% to 3%, hence the associated decreases in measured ACE-inhibitory activity.
ACE-inhibitory activities of polyphenol-fortiﬁed
breads are scarce but previous works have also shown
various inhibitory activities of polyphenol extracts
from chokeberry (Hellstrom et al., 2010), Ocimum
gratissimum leaves (Shaw et al., 2017) and other leafy
vegetables (Oboh et al., 2016).
The renin inhibition data suggest that at 1% bread
fortiﬁcation, the AV and SM polyphenols were bound
weakly to renin protein but increased fortiﬁcation to
2% and 3% provided more polyphenols that could
bind to renin with resultant increases in inhibitory
potency. While the inhibitory pattern for AV was similar for both ACE and renin, the inverse relationship
for SM suggests a diﬀerent mechanism of interactions.
Reports of renin inhibition by polyphenols are scarce
but a previous work has also shown dose-dependent
activities by soybean saponins although at lower concentrations (5–80 lg mL1) than the 1 mg mL1 used
for the bread extracts (Takahashi et al., 2008). The
stronger activity of the soybean saponins could be
attributed to its higher purity (Takahashi et al., 2008)
when compared to the crude bread extracts.
The blood pressure-reducing ability of the bread
extracts suggests their potential use as antihypertensive
functional food products. The 100 mg dried extract/kg
SHR body weight dose translates to ~1.14 g dried
extract/day for a 70 kg human being based on the rat to
human dose conversion factor (Reagan-Shaw et al.,
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2007). This eﬀective blood pressure-reducing dose can
readily be achieved through daily consumption of a few
slices of vegetable-fortiﬁed bread and could be a nutritionally desirable means of maintaining a normal blood
pressure. MAP reﬂects the average blood pressure in a
cardiac cycle and lower levels are beneﬁcial in promoting cardiovascular health. The long-lasting (up to 24 h)
reductions in MAP and SBP of the vegetable-fortiﬁed
breads suggest that the polyphenols were not rapidly
cleared from the blood, which could provide eﬀective
daily management of blood pressure. The values
obtained in this work are similar to the 20 mmHg
SBP reductions reported after oral administration of
50 mg chokeberry polyphenols/kg SHR body weight
(Hellstrom et al., 2010). This is because 100 mg of the
vegetable-enriched breads produced about twice the
SBP reduction reported for 50 mg chokeberry polyphenols. But the results obtained in this work show stronger
SBP-reducing eﬀects of the vegetable-fortiﬁed breads
when compared to oral administration of 500 mg kg1
SHR body weight of a vegetable leaf polyphenol extract
that lowered SBP by only 8 mmHg (Shaw et al., 2017).
The vegetable-fortiﬁed breads also have stronger SBPreducing eﬀects than lingonberry juice, which produced
26 mmHg reductions after oral administration to SHR
(Kivimaki et al., 2013). It is possible that the stronger
SBP-reducing eﬀects of the vegetable-enriched breads
may be due to synergistic interactions of polyphenols
with bioactive peptides that are present in leavened
bread (Zhao et al., 2013; Pe~
nas et al., 2015) when compared to the vegetable leaf extract or lingonberry juice
that contained only polyphenols. The higher SBP-reducing ability of the vegetable-fortiﬁed bread could also be
as a result of synergistic interactions between vegetable
polyphenols and wheat polyphenols. For example,
simultaneous consumption of tea and soy was found to
lead to greater antioxidant property than when consumed alone (Bertipaglia de Santana et al., 2008). More
importantly, both the 2% SM-fortiﬁed and 3% AV-fortiﬁed bread extracts produced signiﬁcant (P < 0.05)
long-lasting eﬀects with -34 mmHg SBP reductions after
24 h when compared to +3 mmHg for the control
bread. The results suggest that vegetable incorporation
into regular white leavened bread enhanced bioactive
properties with respect to blood pressure reduction. The
1% fortiﬁcation was not eﬀective for all the vegetable
samples, while the 2% AV produced weak SBP-lowering eﬀects, which indicate insuﬃcient amount of bioactive agents at these levels. It is interesting to note that
SBP-lowering ability of SM and TO was strongest at the
2% inclusion level and actually became weak at the 3%
level. Reduction in SBP-lowering eﬀect at the 3% SM
and TO in comparison with 2% may be due to polyphenol aggregation at the high concentration (Plumb et al.,
1998; Saint-Cricq de Gaulejac et al., 1999) during
intestinal transit, which reduced bioavailability
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(absorption). This is because previous works have suggested that polyphenol absorption from the gastrointestinal tract is highly dependent on size with smaller
units favored over bigger aggregates (Gonthier et al.,
2003; Manach et al., 2005).
The DBP data are similar to previous works that have
shown reductions in DBP of SHR after consumption of
50 mg chokeberry/kg body weight (Hellstrom et al.,
2010) and human volunteers who consumed 100 g of
red beetroot-enriched bread (Hobbs et al., 2012). In
contrast, oral administration of 500 mg vegetable leaf
(O. gratissimum) polyphenol extract/kg SHR body
weight did not produce any signiﬁcant DBP reduction
(Shaw et al., 2017). The diﬀerence may be due to synergistic interactions between vegetable polyphenols and
wheat polyphenols as discussed above. However, the
fact that in addition to polyphenols, the bread extracts
also contain proteins may have led to the production of
bioactive peptides during baking and gastrointestinal
digestion in the rat, hence higher DBP-reducing eﬀects
than the O. gratissimum polyphenol extract. This is
based on previous works that showed the presence of
ACE-inhibitory peptides in leavened wheat bread (Zhao
et al., 2013; Pe~
nas et al., 2015). Reduced DBP-reducing
eﬀect for the 3% SM and TO-fortiﬁed bread could have
been due to polyphenol aggregation within the gastrointestinal tract, which led to reduced bioavailability as discussed above. Reductions in heart rate also suggest
additional cardiovascular beneﬁts of the vegetable
extracts. For example, oral administration of lingonberry juice led to only 26 bpm decreases in heart
rate (Kivimaki et al., 2013), which is less than the results
obtained in this work. In contrast, oral administration
of 500 mg kg1 body weight of O. gratissimum
polyphenol extract produced no signiﬁcant change in
SHR heart rate (Shaw et al., 2017). The potential
release of bioactive peptides from bread proteins during
yeast fermentation (Zhao et al., 2013; Pe~
nas et al.,
2015) in synergy with polyphenols may have contributed
to the stronger heart rate-reducing ability of the vegetable-fortiﬁed breads. As the control bread also contained proteins, the results suggest that eﬀects of the
vegetable polyphenols alone or in synergy with bioactive
peptides were stronger than similar interactions between
wheat polyphenols and bioactive peptides. The results
are consistent with a recent report that showed oral
administration of an anthocyanin-rich plum juice to
human volunteers resulted in signiﬁcant reductions in
heart rate within a 24 h test period (Igwe et al., 2017).
Conclusions

This work showed that fortiﬁcation of wheat bread with
vegetable leaves can enhance polyphenolic content and
lead to improved cardiovascular health. Beneﬁt of fortiﬁcation was conﬁrmed with the higher TPC of the test
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breads when compared to the control bread. The ability
of a heat-processed food like bread to retain its bioactivity
in vivo indicates that the vegetable polyphenols were resistant to heat-induced structural degradation. The results
showed that the control bread was not as eﬀective as the
vegetable-fortiﬁed breads in reducing important cardiovascular parameters such as blood pressure and heart
rate. Therefore, the reduced blood pressure and heart
rate-reducing abilities can be attributed to the presence of
additional polyphenols from the leafy vegetables. Overall,
the 2% SM-fortiﬁed bread produced the strongest cardiovascular beneﬁts in terms of blood pressure and heart rate
reductions. It is estimated that a 70 kg human being will
need to consume approx. 10 g of the fresh vegetable-fortiﬁed bread daily to achieve the observed cardiovascular
health beneﬁts. The use of human intervention trials in
the future is required to conﬁrm the cardiovascular health
beneﬁts observed in this work.
Acknowledgments

This work was funded by an operating grant from the
International Development Research Centre (IDRC) and
the Global Aﬀairs Canada through the Canadian International Food Security Research Fund (CIFSRF) Project
107983 on synergising indigenous vegetables and fertiliser
micro-dosing innovations among West African farmers.
Conflict of interest

Authors declare no conﬂict of interest.
References
Actis-Goretta, L., Ottaviani, J.I. & Fraga, C.G. (2006). Inhibition of
angiotensin converting enzyme activity by ﬂavanol-rich foods.
Journal of Agricultural and Food Chemistry, 54, 229–234.
Alashi, A.M., Blanchard, C.L., Mailer, R.J. et al. (2014). Blood
pressure lowering eﬀects of Australian canola protein hydrolysates
in spontaneously hypertensive rats. Food Research International,
55, 281–287.
Altunkaya, A., Hedegaard, R.V., Brimer, L., G€
okmen, V. & Skibsted, L.H. (2013). Antioxidant capacity versus chemical safety of
wheat bread enriched with pomegranate peel powder. Food and
Function, 4, 722–727.
Aluko, R.E. (2015). Antihypertensive peptides from food proteins.
Annual Review of Food Science and Technology, 6, 235–262.
Bertipaglia de Santana, M., Mandarino, M.G., Cardoso, J.R. et al.
(2008). Association between soy and green tea (Camellia sinensis)
diminishes hypercholesterolemia and increases total plasma antioxidant potential in dyslipidemic subjects. Nutrition, 24, 562–568.
Famuwagun, A.A., Taiwo, K.A., Gbadamosi, S.O. & Oyedele, D.J.
(2016). Optimization of production of bread enriched with leafy vegetable powder. Journal of Food Processing and Technology, 7, 605.
Fasakin, C.F., Udenigwe, C.C. & Aluko, R.E. (2011). Antioxidant
properties of chlorophyll-enriched and chlorophyll-depleted
polyphenolic fractions from leaves of Vernonia amygdalina and
Gongronema latifolium. Food Research International, 44, 2435–2441.
Flack, J.M., Novikov, S.V. & Ferrario, C.M. (1997). Beneﬁts of adherence to anti-hypertensive therapy. Blood Pressure, 1(Suppl.), 47–51.

International Journal of Food Science and Technology 2018

1715

1716

Antihypertensive bread extracts A. M. Alashi et al.


Gawlik-Dziki, U., Swieca,
M., Dziki, D. et al. (2014). Anticancer
and antioxidant activity of bread enriched with broccoli sprouts.
BioMedical Research International, 2014, 1–14, Article ID 608053.
Girgih, A.T., Nwachukwu, I.D., Onuh, J.O., Malomo, S.A. & Aluko,
R.E. (2016). Antihypertensive properties of a pea protein hydrolysate
during short and long term oral administration to spontaneously
hypertensive rats. Journal of Food Science, 81, H1281–H1287.
Gonthier, M.P., Donovan, J.L., Texier, O., Felgines, C., Remesy, C.
& Scalbert, A. (2003). Metabolism of dietary procyanidins in rats.
Free Radical Biology in Medicine, 35, 837–844.
Gunathilake, K.D.P.P., Wang, Y. & Rupasinghe, H.P.V. (2013).
Hypocholesterolemic and hypotensive eﬀects of a fruit-based functional beverage in spontaneously hypertensive rats fed with cholesterol-rich diet. Journal of Functional Foods, 5, 1392–1401.
Gunkel, A.R., Thurner, K.H., Kanonier, G., Sprinzl, G.M. & Thumfart, W.F. (1996). Angioneurotic edema as a reaction to angiotensin-converting
enzyme
inhibitors.
American
Journal
of
Otolaryngology, 17, 87–91.
€ (2011). Phytochemical fortiﬁcation of ﬂour
Hayta, M. & Gamze, O.
and bread. In: Flour and breads and their fortification in health and
disease prevention (edited by R.R. Watson, V. Preedy & V. Patel)
Pp. 293–300 San Diego: Academic Press.
Hellstrom, J.K., Shikov, A.N., Makarova, M.N. et al. (2010). Blood
pressure-lowering properties of chokeberry (Aronia mitchurinii, var.
Viking). Journal of Functional Foods, 2, 163–169.
Hobbs, D.A., Kaﬀa, N., George, T.W., Methven, L. & Lovegrove,
J.A. (2012). Blood pressure-lowering eﬀects of beetroot juice and
novel beetroot-enriched bread products in normotensive male subjects. British Journal of Nutrition, 108, 2066–2074.
Igwe, E.O., Charlton, K.E., Roodenrys, S., Kent, K., Fanning, K. &
Netzel, M.E. (2017). Anthocyanin-rich plum juice reduces ambulatory blood pressure but not acute cognitive function in younger
and older adults: a pilot crossover dose-timing study. Nutrition
Research, 47, 28–43.
Jensen, S., Ostdal, H., Skibsted, L.H. & Thybo, A.K. (2011). Antioxidants and shelf life of whole wheat bread. Journal of Cereal
Science, 53, 291–297.
Katerere, D.R., Graziani, G., Thembo, K.M., Nyazema, N.Z. &
Ritieni, A. (2012). Antioxidant activity of some African medicinal
and dietary leafy African vegetables. African Journal of Biotechnology, 11, 4103–4108.
Kayode, A.A.A. & Kayode, O.T. (2011). Some medicinal values of
Telfairia occidentalis: a review. American Journal of Biochemistry
and Molecular Biology, 1, 30–38.
Kivimaki, A.S., Siltari, A., Ehlers, P.I., Korpela, R. & Vapaatalo, H.
(2013). Lingonberry juice lowers blood pressure of spontaneously
hypertensive rats (SHR). Journal of Functional Foods, 5, 1432–1440.
Lafarga, T., Gallagher, E., Aluko, R.E., Auty, M.A.E. & Hayes, M.
(2016). Addition of bovine globulins to bread and determination of
hypertensive eﬀects in spontaneously hypertensive rats. Journal of
Agricultural and Food Chemistry, 64, 1741–1750.
Manach, C., Williamson, G., Morand, C., Scalbert, A. & Remesy,
C. (2005). Bioavailability and bioeﬃcacy of polyphenols in
humans. I. Review of 97 bioavailability studies. American Journal
of Clinical Nutrition, 81(Suppl.), 230S–242S.
NCD Risk Factor Collaboration. (2017). Worldwide trends in blood
pressure from 1975 to 2015: a pooled analysis of 1479 populationbased measurement studies with 191 million participants. The Lancet, 389, 37–55.
Oboh, G., Akinyemi, A.J., Adeleye, B. et al. (2016). Polyphenolic
compositions and in vitro angiotensin-I-converting enzyme inhibitory properties of common green leafy vegetables: a comparative
study. Food Science and Biotechnology, 25, 1243–1249.
O’Keeﬀe, M.B., Norris, R., Alashi, M.A., Aluko, R.E. & FitzGerald, R.J. (2017). Peptide identiﬁcation in a porcine gelatin prolyl
endoproteinase hydrolysate with angiotensin converting enzyme
(ACE) inhibitory and hypotensive activity. Journal of Functional
Foods, 34, 77–88.

International Journal of Food Science and Technology 2018

Pe~
nas, E., Diana, M., Frias, J., Quılez, J. & Martınez-Villaluenga, C.
(2015). A multistrategic approach in the development of sourdough
dread targeted towards blood pressure reduction. Plant Foods for
Human Nutrition, 70, 97–103.
Peng, X., Ma, J., Cheng, K.W., Jiang, Y., Chen, F. & Wang, M.
(2010). The eﬀects of grape seed extract fortiﬁcation on the antioxidant activity and quality attributes of bread. Food Chemistry, 119,
49–53.
Plumb, G.W., De Pascual-Teresa, S., Santos-Buelga, C., Cheynier,
V. & Williamson, G. (1998). Antioxidant properties of catechins
and proanthocyanidins: eﬀects of polymerisation, galloylation and
glycosylation. Free Radical Research, 29, 351–358.
Pozzo, L., Pucci, L., Buonamici, G., Giorgetti, L., Maltinti, M. &
Longo, V. (2015). Eﬀect of white wheat bread and white wheat
bread added with bioactive compounds on hypercholesterolemic
and steatotic mice fed a high-fat diet. Journal of the Science of
Food and Agriculture, 95, 2454–2461.
Ranawana, V., Campbell, F., Bestwick, C. et al. (2016a). Breads fortiﬁed with freeze-dried vegetables: quality and nutritional attributes.
Part II: breads not containing oil as an ingredient. Foods, 5, 62.
Ranawana, D.V., Raikos, V., Campbell, F. et al. (2016b). Breads fortiﬁed with freeze-dried vegetables: quality and nutritional attributes.
Part 1: breads containing oil as an ingredient. Foods, 5, 19.
Reagan-Shaw, S., Nihal, M. & Ahmad, N. (2007). Dose translation
from animal to human studies revisited. FASEB Journal, 22, 659–
661.
Saint-Cricq de Gaulejac, N., Vivas, N., de Freitas, V. & Bourgeois,
G. (1999). The inﬂuence of various phenolic compounds on scavenging activity assessed by an enzymatic method. Journal of the
Science of Food and Agriculture, 79, 1081–1090.
Santos, P.C.J.L., Krieger, J.E. & Pereira, A.C. (2012). Reninangiotensin system, hypertension, and chronic kidney disease:
pharmacogenetic implications. Journal of Pharmacological Science,
120, 77–78.
Segovia G
omez, F. & Almajano Pablos, M.P. (2016). Pineapple
waste extract for preventing oxidation in model food systems. Journal of Food Science, 81, C1622–C1628.
Shaw, H.-M., Wu, J.-L. & Wang, M.-S. (2017). Antihypertensive
eﬀects of Ocimum gratissimum extract: angiotensin-converting
enzyme inhibitor in vitro and in vivo investigation. Journal of Functional Foods, 35, 68–73.
Sreeramulu, D., Reddy, C.V.K., Chauhan, A., Balakrishna, N. &
Raghunath, M. (2013). Natural antioxidant activity of commonly
consumed plant foods in India: eﬀect of domestic processing.
Oxidative Medicine and Cellular Longevity, 2013, 369479.

Swieca,
M., Gawlik-Dziki, U., Dziki, D., Baraniak, B. & Czy_z, J.
(2013). The inﬂuence of protein–ﬂavonoid interactions on protein
digestibility in vitro and the antioxidant quality of breads enriched
with onion skin. Food Chemistry, 141, 451–458.

Swieca,
M., Sez czyk, L., Gawlik-Dziki, U. & Dziki, D. (2014). Bread
enriched with quinoa leaves – the inﬂuence of protein–phenolics
interactions on the nutritional and antioxidant quality. Food Chemistry, 162, 54–62.
Takahashi, S., Hori, K., Shinbo, M., Hiwatahi, K., Gotoh, T. &
Yamada, S. (2008). Isolation of human renin inhibitor from soybean: soyasaponin I is the novel human renin inhibitor in soybean.
Bioscience, Biotechnology and Biochemistry, 72, 3232–3236.
Tenenbaum, A., Grossman, E., Shemesh, J., Fisman, E.Z., Nosrati,
I. & Motro, M. (2000). Intermediate but not low doses of aspirin
can suppress angiotensin-converting enzyme inhibitor-induced
cough. American Journal of Hypertension, 13, 776–782.
Xie, Y. & Zhang, W. (2012). Antihypertensive activity of Rosa
rugosa Thunb. ﬂowers: angiotensin I converting enzyme inhibitor.
Journal of Ethnopharmacology, 144, 562–566.
Zhao, C.J., Hu, Y., Schieber, A. & G€anzle, M. (2013). Fate of ACEinhibitory peptides during the bread-making process: quantiﬁcation
of peptides in sourdough, bread crumb, steamed bread and soda
crackers. Journal of Cereal Science, 57, 514–519.

© 2018 Institute of Food Science and Technology

