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In Benin Republic and Nigeria, we developed a low-cost (~$12/unit) sun-drier and charcoalpowered oven as a means of converting fresh leaves into dried leaves with storage or shelflife of 12 months. Drying was completed within 4-5 hr and dried leaves reconstituted with
water for use as regular soup ingredients showed acceptability that is consistent with that of
fresh leaf soup. Seventeen (17) drying units were installed and used by farmers. These local
technologies can be readily adopted in rural areas.

We developed new technology on packaged boiled-frozen vegetable leaves that have
been taken up by third parties who are now using the existing distribution channels for
fish and meat marketers to provide access to refrigerated and frozen vegetables in Benin.
We are glad to report that more than 600 distribution points were contracted by the
project to market the frozen vegetable product.
We developed an aqueous protocol to extract and produce polyphenol concentrates from
leafy vegetables. The dried concentrates could serve as ready ingredients for consumer
use as in situ fortificants. Therefore, protein concentrate powders can be purchased and
mixed by consumers with various beverages and hot cereal foods. Market availability
of the polyphenol concentrates could expand consumer use of leafy vegetables in
manner that can be tailored to each person’s food and nutrition needs.
We performed extensive tests that confirmed the health-promoting ability of the
polyphenol concentrates with respect to antioxidant. Specifically, the free radicalscavenging ability of the concentrates was comparable to that of synthetic antioxidants.
The concentrates also inhibited formation of lipid peroxides (a major causative factor
of atherosclerosis) and severely attenuate activity of acetylcholinesterase (AChE), an
important enzyme that has been implicated in neurodenegerative diseases such as
Alzheimer’s disease and dementia.
These health-promoting activities of vegetable polyphenols are especially beneficial for
mothers and children because of the increased need for protection against toxic free
radicals that are pervasive during high metabolim associated with lactation and rapid
growth, respectively. As a preventive tool, availability of polyphenol concentrate
powders could complement natural antioxidants to reduce life-threatening diseases in
the population, especially mothers and children.
Ability of the polyphenol concentrates to reduce blood pressure was successfully
demonstrated in a rat model of systemic hypertension, the most common type of high
blood pressure condition in human beings. Especially very active were the plyphenol
concentrates from Telfaria occidentalis and Amaranthus viridis, both of which reduced
the blood pressure of spontaneously hypertensive rats (SHRs) by up to 40 mmHg.
Our research showed that using the standard conversion for rat to human dose, a typical
70 kg man or woman will require ~1 gram of the polyphenol concentrate from from
Telfaria occidentalis and Amaranthus viridis per day for efficient blood pressure
reduction. This polyphenol concentrate dose is equivalent to the consumption of 21
grams of fresh leaves on a daily basis, which can be readily achieved based on food
consumption patterns in West Africa. However, the key message to the population is













regular (daily) consumption of this amount of leaves in order to benefit from the blood
pressure-lowering ability. If regular consumption is not feasible in some instances, then
supplementation with the polyphenol concentrate either as a powdered drink (the
product is highly soluble in water) or added to beverages. For some part of the
population, intake of the concentrate in the form of nutraceutical capsules alone or in
combination with vegetable leaf consumption may be the most feasible route to obtain
antihypertensive benefit. Hypertension is a major (and silent) killer among the adult
population in the world. Therefore, availability of a product such as the polyphenol
concentrate, which is a natural product with no known negative side effects, could serve
as preventive and treatment tool against hypertension, especially in difficult-to-treat
conditions such as pregnancy and existing physiological abnormalities.
We also successfully demonstrated ability of the leaf polyphenol concentrates to inhibit
digestive enzymes, especially those related to obesity and diabetes: α-amylase, αglucosidase, and pancreatic lipase. In vitro analysis showed that the polyphenol
concentrates strongly inhibited these enzymes, which indicates potential use as agents
against excessive weight gain and high blood glucose levels.
A critical part of our work showed strong inhibition of trypsin, which posses a catalytic
activity that is similar to those of viruses. Therefore, the trypsin inhibition achieved in
MicroVeg project could form the basis for the use of the leaf polyphenol concentrates
as preventive agents against viral infections. But more importantly, our results suggest
that increase consumption of these leafy vegetables may protect human beings against
viral infections and diseases. This is a very important finding since infants and children
are highly susceptible to viral diseases (especially diarrhea, flu, etc); regular use of these
vegetables as normal dietary agents could limit this type of infections.
The food fortification was achieved with dried or wet forms of vegetable leaves. Major
fortified products include pineapple juice, rice meal (Ablo) and fried cowpea balls
(Akara), bread, pastries (cookies and Chin-chin), and maize porridge (ogi). Major
finding showed improved nutritional and health-promoting values of the fortified foods.
Improved nutritional value was evident from significant increases in protein, vitamin C
and minerals, all of which are usually limiting in the diets of low-income households in
West Africa. The increased nutritional value is also significant because of the potential
positive impact on the nutritional status of women and children who depend on some of
these foods for daily nutrient intakes. The significant increase in iron content makes the
fortified foods better nutritional tools against iron deficiency anemia (IDA). The IDA
scourge, especially is believed to be responsible for low infant birth weight, stunted
growth in children and severe under-productivity (due to fats rate of physical
exhaustion) among African women and children.
Vegetable fortification also led to extended shelf life of some of the food products; for
example, Chin-chin and bread stayed fresh 2-3 days longer than the regular white bread.
The extended shelf life is attributable to the presence of antioxidant polyphenols, which
would reduce the need for use of synthetic antioxidants in such wheat-based products.
The results are highly significantly because in addition to the nutrition benefits, the
extended shelf life can reduce spoilage and economic loss.
The fortified foods also demonstrated enhanced health-promoting properties as
measured from antioxidant and antihypertensive properties. As emphasized above,
increased antioxidant capacity of foods provides the necessary dietary intervention
against chromic and debilitating diseases. Moreover, the antihypertensive effect affords
a food source that can be used to prevent severe cardiovascular diseases.
We determined that these health benefits could be achieved through daily consumption
of 2-3 fortified bread slices, which is reasonable and readily achieved. A very important









finding was that the vegetable leaf-fortified bread was highly enriched (up to 200–fold)
in specific, than well-known powerful antioxidant compounds. For example, catechin
and quercetin (very powerful antioxidants) contents of bread were increased 200 times
as a result of vegetable leaf fortification. Rutin and myricetin, which have also been
demonstrated to be highly bioactive were enriched up to 150-fold in the fortified bread.
The results provide scientific evidence for the potentially powerful antioxidant quality
of the fortified bread and could be used as part of the specifications to achieve
intellectual property claims that support novelty of the baked product.
The fortified foods were also evaluated for sensory properties and consumer acceptance.
This aspect is very important since taste, flavour, colour and eating qualities determine
the successful introduction of novel food products. The main noticeable effect of
vegetable leaf incorporation was the increase in green colour. Indeed, the popularity and
acceptance of the green bread have been greatly enhanced such that it now features
prominetly as part of the diet of many people within the Obafemi Awolowo University
campus, Ile-Ife, Osun State, Nigeria. Availability of the green bread on the campus
continues to be made possible through the Food Science and Technology Department
bakery.
In various consumer tests, the overall acceptability of other fortified foods and
beverages was very similar to those of the control products. The vegetable-fortified
pineapple juice was bottled and test-marketed in a local Cotonou store with great
success, which supports consumer acceptance and a promising commercial impact.
Consumer acceptance of maize porridge (Ogi), a popular weaning food but also widely
consumed by adults as part of a breakfast diet was also demonstrated. Knowledge of the
potential health and nutritional benefits enabled increased consumer acceptance.
In order to disseminate information on mode of preparation and production of the
fortified foods, several training sessions were conducted that featured various
stakeholders such as farmers, rural-dwelling population and bakers. Spcifically, a total
of 5466 persons (68% women) across 25 locations were trained on the promising value
addition innovations. This is in addition to the training of 100 bakers. Training sessions
included teaching of fundamental principles of the fortification processes followed by
hands-on demonstrations. To ensure versatility and increased utility among the rural
population, the instruction materials and product recipes have been translated into the
Yoruba, the main language in Western Nigeria and also spoken in some parts of Benin
Republic. Additional promotion was achieved through product demonstrations at
various regional conferences or meetings. We also demonstrated profitability of the
fortified bread and snack products, which indicates potential for establishing
economically feasible production and marketing processes.
Pre-commercialization marketing continues both in Nigeria and Benin. We continued
to have scheduled meetings with the Standard Organization of Nigeria (SON) in order
to obtain formal regulatory approval for the fortified food products. At the last meeting
held in Lagos with the Director of Standards, discussions centred on the need to ensure
that certain production protocols are free of food safety issues and specific chemical
composition information required for certification and commercialization approval.

INTRODUCTION TO MICROVEG PROJECT
Microveg project is a project sponsored by the International Development Research Centre
(IDRC) and the Government of Canada through Foreign Affairs, Trade and Development
Canada (DFATD). The project aims to increase food security and economic empowerment of
farmers and women in rural communities in West Africa. The project is being carried out in
Nigeria, Benin and Canada. The project has many themes which include agronomy, value
addition and so on. Summarily, the project focuses on the development and deployment of new
technologies that will cause improvement in farming practices, post-harvest handling and value
addition for indigenous green leafy vegetables. These indigenous vegetables which are mainly
Solanum macrocarpon (African eggplant), Telfairia occidentalis (fluted pumpkin) and
Amaranthus viridis (Amaranth) play a key role as food and economics. The vegetables contain
protein, vitamins, micronutrients and antioxidants for consumers. The value addition aspect of
the project is tasked with the development of technologies that will enhance the utilisation of
the highlighted vegetables.

WHY VALUE ADDITION OF VEGETABLES ?
The value addition of vegetables become necessary to reduce wastages and improve the
utilisation of green leafy vegetables. Vegetables are highly diversified, cheap and readily
available throughout the season in Nigeria. However, price often fluctuates as a result of change
in season. Vegetables are good sources of nutrients with documented medicinal properties.
They are helpful against cancers and various cardiovascular diseases. With all these benefits,
vegetables are highly and easily perishable during material handling and even transportation.
These result in economic downturn for the farmers and sellers of the produce. Over the years,
there are major challenges with processing, storage, distribution, use in other foods and
marketing. If adaptable technologies are developed and deployed successfully to mitigate

against these shortcomings, the potential for making more income in the vegetable value chain
will be increased.

HIGHLIGHTS OF SITUATION BEFORE MICROVEG PROJECT
In Nigeria, leafy vegetables have been largely documented to be perishable because of its large
composition of moisture when freshly harvested. As a result, a large amount of postharvest
losses (about 50%) is recorded yearly due to poor storage systems. In the Microveg project,
reduction of perishability of leafy vegetables was rigorously pursued through enhanced shelf
life. Prior to the Microveg project, there was no adequate storage for green leafy vegetables
which is suitable for the country largely because of epileptic power supply and capital intensive
technologies, most especially refrigeration technologies.
Also, very few varieties of vegetables were preserved before this project. Few of the
traditionally preserved vegetables in the country are okra, tomato, pepper and bitter leaf using
sun drying. Most green leafy vegetables have not been preserved in the country and as a result
postharvest losses keep soaring high during market glut. This often causes economic shortages
for farmers and sellers of the farm produce in the country. Also, green leafy vegetables become
scarce and relatively expensive during out-of-season demand. Meeting up with out-of-season
demand can be possible if adequate preservation is available. More so, the inability to
adequately preserve the vegetables has also prevented the usage/ incorporation of leafy
vegetables into processed foods in the country. Emerging successful countries like Malaysia
have actually done so well in the incorporation of leafy vegetables into some of their processed
foods like biscuits etc., which still find their way into Nigeria as imported products.
WHERE DO WE WANT TO BE?
The team desires that all the vegetable fortified products should be widely accepted, produced
at commercial scale and consumed locally.

WITH MICROVEG INTERVENTION
With Microveg intervention, the challenges of availability of appropriate technology taking
cognisance of Nigeria’s technological situation and the need for development of indigenous
technologies, preservation methods have been designed, developed, tested and deployed. These
appropriate technologies which are gender friendly are such that can be easily be afforded by
local farmers and women in rural communities. The developed technologies include the
development of evaporative cooler, charcoal-driven oven and bucket dryer.

Benin Republic: summary of milestone achievements
1. Development of a sun drier
We developed a low-cost (~$12/unit) sun-drier and charcoal-powered oven as a means of converting
fresh leaves into dried leaves with storage or shelf-life of 12 months. Drying was completed within
4-5 hr and dried leaves reconstituted with water for use as regular soup ingredients showed
acceptability that is consistent with that of fresh leaf soup. Seventeen (17) drying units were installed
and used by farmers. These local technologies can be readily adopted in rural areas. An easy to

manage sun-drier (Plate 1) was designed to reduce postharvest losses and preserve nutritional
components of traditional leafy vegetables. After blanching, all studied leafy vegetables became
crispy dried within 4-5 hours at 36-43°C with this equipment and reached 10% of moisture.
The dried vegetables can be stored for 12 months in plastic bag, under ordinary tropical
atmospheric conditions. The sun-drier is affordable (12 dollars cost) and easy to design for
small – scale producers in rural, as well as urban areas, to improve nutritional status of
populations. Technical details of sun drier have been reported in the 3 rd technical report of
Microveg project.

Plate 1: Sun-drier

2. Value-added products developed
To improve consumption of traditional leafy vegetables common food were fortified by using
Ocimum gratissimum (O. gratissimum) leaves in fresh or dried form. In order hand, dried leaves
are also developed.
Dried vegetable leaves
Dried vegetables (plate 2) are obtained after blanching and drying with the equipment cited
above. The production of dried leaves reduce drastically post-harvest losses, improve
availability and reduce home duties. Dried leaves can be used directly in soup or after milling
to powder. The powder obtained from O. gratissimum was used during production of ablo, ata
or toubani. It can be preserved as long as 12 months in plastic bag.

Plate 2: Sun dried Ocimum gratissimum leaves

Vegetables fortified food


Vegetable fortified cookies

Grounded fresh O. gratissimum leaves were used to fortify cookies. The recipe of the fortified
cookies has been reported in the fourth technical report. All ingredients were correctly weighed
and mixed in clean container with grounded leaves for 5min. After that, the flour was added
and mixed to form a ball of dough. The dough was cut in small pieces and put on plate in
preheated oven (170±5°C) for 20mm. The cookies (plate 3) was cooled in room temperature
and packed.

Plate 3: Ocimum gratissimum fortified cookies


Vegetable fortified toubani

Dehulled dried cowpea, salt, yeast, dried yam powder and O. gratissimum powder were
properly weighed and mix in clean container with water. Filtered potash dissolved in water
was added. The obtained dough was distributed in aluminum container and steamed cooked
during 45 min to obtain the fortified toubani (plate 4). The recipe of Toubani was reported
in fourth technical report.

Plate 4: Fortified Toubani


Fortified rice-based dough “ Ablo”

Cleaned and milled rice flour was spread out and allowed to cool. Part of the flour was used to
prepare porridge and cooled. The second part was added to porridge and others ingredients (salt,
sugar) and coarsely or finely milled leaves and mixed properly. Dough was allowed to ferment
for 2 hours and steam cooked in aluminum container for 20 min to obtain Ablo (plate 5). The
recipe of Ablo has been reported in fifth technical report.
.

Plate 5: Fortified Ablo



Ocimum gratissimum – based fortified cowpea snack called “Ata” or “Akara”)

The recipe of Ata has been reported in fifth technical report.
Dehulled soaked milled cowpea, salt, yeast, water and coarsely dried leaves of O. gratisssimum
were weighed and mixed vigorously for 20-30 min. Small pieces of the obtained dough were
fried in oil for 5 min (plate 6).

Plate 6: Fortified Ata


Ocimum gratissimum juice

Fresh O. gratissimum leaves were finely blended with water. The slurry was introduced in
pineapple juice and heated. Then, homogenized the juice was carefully filtered and packaged.
Thereafter, the juice was pasteurized at 85oC for 15 min (plate 7). The recipe of juice was
reported in fifth technical report.

Plate 7: Ocimum gratissimum juice


Ocimum gratissimum syrup

Fresh O. gratissimum leaves were boiled drying 3 min and let soaked for 4 hours. The filtrate
extracted from previous preparation was mixed with sugar syrup and boiled for 3 min to obtain
61 °Brix. Baobab pulp and lemon juice were added and boiled again for 2 min. The product
(plate 8) was distributed in sterilized bottles. The recipe was reported in fifth technical report.

Plate 8: O. gratissimum syrup
3. Effect of fertilizer treatments on nutritional and functional properties of leafy
vegetables
Traditional leafy vegetables are widely used for nutritional and medicinal purposes throughout
sub-Saharan Africa. In Republic of Benin, several plant species are valued as traditional leafy
vegetables among which: Amaranthus cruentus (Amaranthaceae), Ocimum gratissimum
(Lamiaceae) and Solanum macrocarpon (Solanaceae). These species are recognized as having

a great importance in Africans’ food and healthcare systems. They are sources of multiple
bioactives compounds which are recognized for their neutraceutical benefits.
These traditional leafy are nowadays introduced in agriculture system in increasingly improved
domestication processes. To satisfy the increasing consumers’ demand, farmers used organics
and mineral fertilizers to boost yields. In Benin, some research showed that important quantities
of fertilizers are used and contribute to increase toxicity of vegetables. To reduce this risk,
Microveg project is assigned to promote micro-dosing technology to reduce production costs
and increase farmers’ profit. The question is: what is the effect of the use of micro-dosing on
nutritional and functional properties of traditional leafy vegetables?
The profile of nutritional and bioactive components has been reported to be influenced by
agronomic and environmental factors, especially fertilizer supply and harvest times.
This study aims at assessing the effects of fertilizer micro-dosing and harvest times on
nutritional and functional properties.

Methodology
Experimental design
Traditional leafy vegetables were produced in Benin by applying mineral fertilizer to respective
plants using the micro-dosing technology under a randomized complete block design. Urea (0,
20, 40 and 60 kg.Ha-1) combined with cow manure (5 t.ha-1) and 80 kg.Ha-1 of urea without
cow manure were applied to experimental units (6 m x 1 m) in quadruples.
Seeds were grown in nursery for four (A. cruentus) to six weeks (O. gratissimum and S.
macrocarpon) before the young plants were transplanted. Cow manure was applied one week
before transplanting while urea was right applied after transplantion. Three harvests were made
at four, six and eight weeks after transplanting for A. cruentus; six, ten and fourteen weeks after
transplantion for S. macrocarpon and eight, twelve and sixteen weeks after transplantion for O.
gratissimum. Leaves were collected by cutting stems at 10 cm from collar (except plants located
at border lines) and the four replications of one treatment were mixed to get a homogeneous
sample.
Analysis methods
Samples were washed and oven-dried at 60 °C. The analysed were conducted by Benin student
at Manitoba University under a fruitful collaboration with Prof. Aluko Rotimi.


Total phenolic, flavonoids, ACE and Renin enzymes inhibition – ACE

Total phenolic content (TPC, with gallic acid as standard) and total flavonoids content (TFC,
rutin as standard) of polyphenol extracts were determined, using the method of Ebrahimzadeh

and Bahramian (2009) used by Fasakin et al. (2011). Inhibitory activity against renin was
determined at 0.50 mg mL-1 using renin inhibitor screening assay kit following the method
described by Ajibola et al. (2011) with slight modifications.


Antioxidant capacity

Six assays, performed in triplicate, were used to determine the antioxidant capacity of the
polyphenol extracts and BHT (a synthetic antioxidant). DPPH and superoxide radicals
scavenging activities, ferrous ions chelation and inhibition of linoleic acid oxidation) were
assayed using the method described by Fasakin et al. (2011). Hydroxyl radical scavenging
activity and ferric ions reducing power were determined according methods reported by Fasakin
et al. (2011) with slight modifications.


Digestive enzyme inhibition

Four assays were performed to evaluate digestive enzyme inhibition: α-amylase, α-glucosidase,
pancreatic lipase, trypsin. The ability of traditional leafy vegetables extracts and acarbose to
inhibit the activity of α-amylase from porcine pancreas in vitro was measured by Siow et al.
(2017). The inhibition of the activity of human recombinant renin assay (α-glucosidase enzyme
inhibition) was measured by fluorescence spectrophotometry according to Uraapong et al.
(2016) Ranilla et al. (2010) and Shobana et al. (2009) method using the Renin Inhibitor
Screening Assay Kit. The ability of leafy vegetables extracts and captopril to inhibit in vitro the
activity of ACE (pancreatic lipase enzyme inhibition) was measured by Tang et al. (2016)
method using FAPGG as substrate. The inhibition of the activity of human recombinant renin
assay (Trypsin enzyme inhibition) was measured by fluorescence spectrophotometry according
to Souza et al. (2016) method.


Proximal and mineral composition

The standards’ methods were used to determine proximal and mineral composition of leafy
vegetable

Results


Total phenolic, flavonoids, ACE and Renin enzymes inhibition – ACE

The TPC (gallic acid equivalent) of A. cruentus (947.61 ± 29.83 to 1024.83 ± 102.89 mg g-1)
was significantly (p < 0.05) higher than those of O. gratissimum (605.70 ± 39.51 to 823.93 ±
114.68 mg.g1) and S. macrocarpon (608.89 ± 9.80 to 706.42 ± 77.39 mg.g-1). However, the
TFC (rutin equivalent) of A. cruentus (154.17 ± 29.46 to 181.25 ± 55.98 mg g-1) and O.
gratissimum (149.02 ± 29.12 to 265.69 ± 88.73 mg g-1) were each significantly (p < 0.05) lower

than that of S. macrocarpon (191.43 ± 24.24 to 276.19 ± 63.30 mg g-1). The analysis of variance
did not reveal any significant effect of fertilizer doses and harvest times on the TPC of A.
cruentus and S. macrocarpon or on the TFC of each of the three leafy vegetables species (p >
0.05; Table 1). The TPC of O. gratissimum however, was significantly (p < 0.05) affected by
fertilizer dose, harvest time and their interactions (Table 1). Significantly (p < 0.05) higher
mean scores of TPC, based on harvest time, were recorded at first and second harvest of O.
gratissimum (Table 2).
Concerning inhibition of ACE, O. gratissimum presented significant lower IC50 (Table
1) when cow manure was applied in isolation (0 kg ha-1 of urea) or combined with low dose of
urea (20 kg ha-1). IC50 were significantly and increasingly low with harvest times for A.
cruentus (first), O. gratissimum (second and third) and S. macrocarpon (second).
In the case of inhibition of renin, it was demonstrated that, Amaranthus cruentus samples and
most of S. macrocarpon samples did not inhibit renin when compared to all O. gratissimum
samples which exhibited higher inhibition. Only five samples of S. macrocarpon were able to
inhibit renin and these samples were those produced with high doses of urea with or without
cow manure (60 or 80 kg ha-1) and collected at first harvest.
Table 1. Results of Duncan’s tests on effects of fertilizer dose on total phenolic content (TPC), total
flavonoids content (TFC) and inhibition of ACE and renin activities.
0
20
40
60
80
Amaranthus cruentus
TPC1
TFC1
ACE2

964.09±23.07
164.58±31.25a
0.42±0.01a

1

b

694.21±39.37
194.44±34.64a
1.70±0.04c
23.46±0.31c

1

a

a

TPC
TFC1
ACE2
Renin3

a

992.98±32.88a
166.67±30.56a
0.34±0.00b

989.09±24.55a
170.49±31.60a
0.38±0.00a

Ocimum gratissimum
707.12±40.05
714.91±43.69a 671.04±36.19c
205.88±41.50a 233.33±52.61a 183.01±30.39a
1.76±0.08c
3.68±0.04b
4.32±0.14b
23.08±0.28c
30.28±0.27a
25.28±0.19b

688.51±34.22ab
192.16±33.66a
6.48±0.12a
23.50±0.57bc

960.76±20.37
168.06±30.56a
0.36±0.00a

977.06±25.89a
169.79±32.60a
0.32±0.00b

a

Solanum macrocarpon
TPC
TFC1
ACE2

650.86±19.14
222.86±28.25a
0.73±0.03a

649.22±20.38a
227.30±30.16a
0.68±0.01a

656.42±23.24a
226.35±29.21a
0.68±0.01a

661.98±22.45a
239.37±33.97a
0.57±0.00a

647.37±17.47a
223.17±26.67a
0.79±0.03a

Units: 1: mg g-1, 2: IC50, mg mL-1 and 3: %.
Mean scores ± standard error within each variable with different alphabets within each row are significantly different (p <
0.05).

Table 2. Results of Duncan’s tests on effects of harvest time on total phenolic content (TPC), total flavonoids
content (TFC) and inhibition of ACE and renin activities.
First
Second
Third
Amaranthus cruentus
-1

TPC (mg g )

981.50±30.79a

968.83±22.99a

980.06±22.88a

Table 2. Results of Duncan’s tests on effects of harvest time on total phenolic content (TPC), total flavonoids
content (TFC) and inhibition of ACE and renin activities.
TFC (mg g-1)
160.21±26.46a
170.42±32.92a
173.13±33.96a
-1
ACE (IC50, mg mL )
0.31±0.00c
0.40±0.01a
0.38±0.00b
Ocimum gratissimum
TPC (mg g-1)
TFC (mg g-1)
ACE (IC50, mg mL-1)
Renin (%)

724.10±44.00a
186.08±34.51a
4.13±0.03a
26.91±0.45a

TPC (mg g-1)
TFC (mg g-1)
ACE (IC50, mg mL-1)

676.67±34.16a
251.43±38.67a
1.04±0.02a



706.55±39.38a
214.51±42.55a
3.63±0.06b
26.21±0.35b
Solanum macrocarpon
633.70±13.04a
211.43±24.57a
0.49±0.00b

654.81±32.87b
204.71±38.63a
3.00±0.10b
22.23±0.07c
649.14±14.35a
220.57±25.71a
0.54±0.00c

Antioxidant capacity

Antioxidant activities of each traditional leafy vegetable were significantly affected by fertilizer
doses and harvest times. The use of urea alone (A. cruentus), cow manure alone (S.
macrocarpon) or combination of cow manure with urea at medium (40 kg/ha for A. cruentus
and S. macrocarpon) or high (60 kg/ha for A. cruentus and O. gratissimum) doses induced
significantly lower IC50 (Table 3). First and second harvests showed significantly lower IC50 for
A. cruentus plus O. gratissimum) and S. Macrocarpon, respectively (Table 4).
In term of Hydroxyl radical scavenging, the use of cow manure with urea at low level (20
kg/ha) for O. gratissimum and S. macrocarpon) or medium (40 kg/ha for S. macrocarpon) doses
showed significantly higher scavenging activity (table 3). The first (A. cruentus and S.
macrocarpon) and the second (O. gratissimum) harvesting times had significantly higher
scavenging activities (Table 4).
Concerning Superoxide radical scavenging, application of high doses of urea alone or
combined (60 or 80 kg/ha) with cow manure showed significant higher scavenging activity by
each vegetable. In addition, the association of cow manure with medium dose of urea (40 kg/ha)
also induced significantly higher scavenging activity of A. cruentus (Table 3). Depending on
harvest times, significantly higher scavenging activity were obtained at second harvest of S.
macrocarpon and third harvest of A. cruentus and O. gratissimum (Table 4). The application of
cow manure alone (S. macrocarpon) or combined with urea at low (20 kg/ha for O.
gratissimum) or medium (40 kg/ha for A. cruentus) doses led to significantly higher ferric
reducing power (Table 3). The samples harvested at the first (A. cruentus and O. gratissimum)
and second (S. macrocarpon) harvesting times had significantly higher reducing power (Table
4).

Significantly lower IC50 (Ferrous ion chelation) were obtained when cow manure was applied
in isolation to O. gratissimum (Table 3) or in combination with low dose of urea (20 kg/ha) for
A. cruentus (Table 3). IC50 values varied significantly with lowest IC50 observed at first (S.
macrocarpon) and second (A. cruentus and O. gratissimum) harvests (Table 4). The application
of cow manure alone (to A. cruentus and O. gratissimum) or associated with urea at low (20
kg/ha for A. cruentus), medium (40 kg/ha for S. macrocarpon) or high (60 kg/ha for O.
gratissimum) induced significantly higher inhibition of linoleic acid oxidation (Table 3). The
first harvest of A. cruentus and O. gratissimum and the third harvest of S. macrocarpon
exhibited the higher inhibitions (Table 4). Significant positive correlations were found between
polyphenol content and antioxidant capacity of leafy vegetable. It clear that studied vegetables
could use as common sources of antioxidant polyphenolic compounds depending on fertilizer
doses and harvest times.

Table 3: Effect of fertilizer doses on antioxidant activities of leafy vegetables
Variables

DPPH (IC50,
mg/ml)

0
20
40
60
80

0.98±0.02a
0.97±0.04ab
0.82±0.02bc
0.94±0.04abc
0.76±0.02c

0
20
40
60
80

0.31±0.00d
0.39±0.00b
0.51±0.01a
0. 31±0.00e
0.34±0.00c

0
20
40
60
80

0.26±0.01c
0.27±0.01b
0.24±0.00bc
0.36±0.02a
0.35±0.02abc

Hydroxyl (%)

Superoxide
FRAP (mM
(%) 1
Fe2+/mg)
Amaranthus cruentus
aβ
2.22±0.27
1.62±0.22c
0.13±0.00d
1.50±0.04a β
4.41±0.31b
0.14±0.00c
aβ
a
1.67±0.05
5.76±0.09
0.15±0.00a
2.22±0.03a β
5.86±0.09ab
0.15±0.00b
a
6.05±0.09
0.15±0.00b
Ocimum gratissimum
31.71±0.19d
20.43±0.59c
0.49±0.00d
a
b
43.66±0.37
27.49±0.42
0.66±0.00a
34.95±0.33bc
27.56±0.35b
0.51±0.00cd
c
a
34.27±0.23
34.55±0.53
0.55±0.00b
35.94±0.16b
33.56±0.27a
0.51±0.00c
Solanum macrocarpon
a
3.00±0.06
1.14±0.04d
0.31±0.00a
2.93±0.04a
1.47±0.16cd
0.25±0.00c
a
b
2.77±0.02
3.60±0.24
0.25±0.00d
2.08±0.03b
3.37±0.21ab
0.27±0.00b
c
ac
1.77±0.06
2.36±0.11
0.25±0.00cd
1

FIC (IC50,
mg/ml)

Linoleic acid
(%) 2

0.24±0.00a
0.15±0.00d
0.16±0.00b
0.16±0.00b
0.16±0.00c

70.18±0.14a
70.87±0.43a
58.34±0.14b
51.63±0.11c
20.92±0.49d

0.64±0.01d
0.91±0.02c
1.88±0.04b
2.60±0.05a
2.32±0.10a

75.87±0.10a
70.65±0.06c
67.66±0.02d
75.97±0.14a
73.01±0.00b

1.32±0.08a
1.19±0.02a
1.69±0.07a
1.80±0.19a
1.34±0.03a

69.94±0.04d
81.13±0.06b
82.50±0.02a
68.13±0.11e
77.85±0.06c

1:

highest concentration tested for A. cruentus (5.00 μg/mL), O. gratissimum (1.50 mg/mL) and S. macrocarpon (5.00 μg/mL)

2:

day of highest inhibition for A. cruentus (day 7), O. gratissimum (day 4) and S. macrocarpon (day 6).

β:

data used were those from four doses of urea (0, 20, 40 and 60 kg/ha) and the two first harvests.

Mean scores ± standard error with different alphabets within the same column for each vegetable are significantly different (p
< 0.05).

Table 4: Effect of harvest times on antioxidant activities of each vegetables

Variables

DPPH (IC50,
mg/ml)

First
Second
Third

0.75±0.01c
0.86±0.02b
1.07±0.01a

First
Second
Third

0.27±0.00c
0.30±0.00b
0.55±0.01a

First
Second

0.51±0.01a
0.19±0.00c

Hydroxyl (%)

Superoxide
FRAP (mM
(%) 1
Fe2+/mg)
Amaranthus cruentus
2.58±0.02a β
4.20±0.08b
0.15±0.00a
bβ
b
1.22±0.12
4.08±0.20
0.14±0.00b
5.93±0.03a
0.14±0.00c
Ocimum gratissimum
b
42.80±0.24
18.63±0.64c
0.80±0.00a
46.34±0.16a
29.57±0.16b
0.52±0.00b
c
a
19.18±0.13
37.95±0.49
0.31±0.00c
Solanum macrocarpon
3.41±0.05a
1.24±0.11c
0.18±0.00c
2.88±0.04b
3.35±0.05a
0.34±0.00a
1

FIC (IC50,
mg/ml)

Linoleic acid
(%) 2

0.26±0.00a
0.13±0.00c
0.14±0.00b

63.95±0.04a
58.37±0.19b
40.84±0.13c

0.63±0.00b
0.63±0.01c
3.75±0.05a

76.75±0.07a
70.13±0.05c
71.01±0.07b

0.12±0.00b
2.01±0.07a

68.30±0.05c
76.15±0.02b

Third
0.19±0.00b
1.23±0.01c
2.58±0.09b
0.28±0.00b
2.28±0.06a
83.27±0.03a
1: highest concentration tested for A. cruentus (5.00 μg/mL), O. gratissimum (1.50 mg/mL) and S. macrocarpon (5.00 μg/mL)
2:

day of highest inhibition for A. cruentus (day 7), O. gratissimum (day 4) and S. macrocarpon (day 6).

β:

data used were those from four doses of urea (0, 20, 40 and 60 kg/ha) and the two first harvests.

Mean scores ± standard error with different alphabets within the same column for each vegetable are significantly different (p
< 0.05).



Digestive enzyme inhibition

Ocimum gratissimum had higher ability to inhibit α-amylase enzyme. There were significant
differences (p < 0.010) between the mean scores of fertilizer doses applied which were ranked
as: 0 kg of urea/ha > 20 kg of urea/ha > 40 kg of urea/ha > 60 kg of urea/ha > 80 kg of urea/ha.
No significant difference (p > 0.010) were observed between the mean scores of the application
of organic fertilizer alone or combined with mineral (0, 20, 40 and 60 kg of urea/ha). Similarly,
there was no significant differences (p > 0.010) between the mean scores of the fertilizer doses
when mineral fertilizer was applied alone or combined with organic fertilizer (60 and 80 kg of
urea/ha). The lower mean score of the IC50 values observed for the application of mineral
fertilizer applied alone or combined with organic fertilizer (60 and 80 kg of urea/ha) was an
indication of the higher α-amylase enzyme inhibitory activity. Significant differences (p <
0.016) were also observed between the mean scores of the harvest times with the ranking order
of first harvest > third harvest > second harvest.
α-glucosidase inhibitory activity of arcabose was significantly (p < 0.05) higher at low
concentration (15.62±0.30 % activity at 2.00 µg/ml and 47.01±0.99% at 10.00 µg/ml) when
compared to those of Amaranthus cruentus (5.92±0.56 to 11.49±0.58 % at 3.00 mg/ml and
9.08±0.94 to 18.25±1.50 % at 5.00 mg/ml), Ocimum gratissimum (6.77±0.84 to 21.95±1.68 %
at 3.00 mg/ml and 14.14±1.14 to 28.93±0.98 % at 5.00 mg/ml) and Solanum macrocarpon
(10.79±1.17 to 24.37±0.78 % at 3.00 mg/ml and 16.92±0.98 to 37.82±0.62 % at 5.00 mg/ml).

There was significant differences (p < 0.016) between the mean scores of the IC50 values of all
the leafy vegetables species following the descending order of Solanum macrocarpon >
Ocimum gratissimum > Amaranthus cruentus. These results indicated that Amaranthus
cruentus is a more effective pancreatic lipase enzyme inhibitor. The mean scores of the fertilizer
doses applied were classified as follow: 0 kg of urea/ha > 80 kg of urea/ha > 60 kg of urea/ha
> 40 kg of urea/ha > 20 kg of urea/ha. No significant differences (p > 0.010) were observed
between the mean scores of the IC50 values when mineral fertilizer was applied alone or
combined with organic fertilizer (20, 40, 60 and 80 kg of urea/ha). Similarly, there was no
significant differences (p > 0.010) between the mean scores of the IC50 values when organic
or mineral fertilizer were applied alone (0 and 80 kg of urea/ha). These results suggested that
the use of mineral fertilizer alone or combined with organic fertilizer (20, 40, 60 and 80 kg of
urea/ha) led to higher pancreatic lipase enzyme inhibition.


Proximate and mineral composition

The proximate composition (Table 5) of Amaranthus cruentus, Ocimum gratissimum and
Solanum macrocarpon had shown that the most abundant component in fresh leaves was
moisture with moisture content varying from 76.74±0.22 to 87.60±0.03 % for Amaranthus
cruentus, from 78.67±0.13 to 87.39±0.21 % for Ocimum gratissimum and from 85.53±0.05 to
90.13±0.03 % for Solanum macrocarpon. In dried leaves, the most abundant component is
carbohydrates content which varied from 33.40±1.82 to 41.88±0.19 % for Amaranthus
cruentus, from 34.35±0.66 to 49.21±0.22 % for Ocimum gratissimum and from 13.64±0.89 to
32.92±2.38 % for Solanum macrocarpon. Fat was the least abundant component varying from
1.01±0.16 to 4.02±0.35 % for Amaranthus cruentus, from 2.67±0.24 to 5.38±0.05 % for
Ocimum gratissimum and from 2.57±0.16 to 4.56±0.19 % for Solanum macrocarpon. The
protein content were ranged from 17.10±0.43 to 34.74±0.49 % for all the samples while the
variation of ash content was between 14.52±0.10 to 26.69±0.31 % and those of fibre content
was from 9.26±0.01 to 26.94±0.01 % for all the samples. The energy was ranged from
225.25±3.41 to 281.20±4.00 % for Amaranthus cruentus, from 275.06±1.91 to 308.87±1.56 %
for Ocimum gratissimum and 209.64±1.75 to 277.97±2.78 % for Solanum macrocarpon.
The mineral composition (Table 5) of Amaranthus cruentus, Ocimum gratissimum and Solanum
macrocarpon leaves revealed that potassium and calcium were the most abundant mineral
found in Amaranthus cruentus (from 4.21±0.17 to 6.81±0.23 % and from 2.66±0.02 to
5.43±0.16 %, respectively), Ocimum gratissimum (from 3.86±0.04 to 4.79±0.31 % and from
2.14±0.21 to 2.87±0.04 %, respectively) and Solanum macrocarpon (from 5.07±0.04 to
8.21±0.21 % and from 2.05±0.05 to 3.83±0.09 %, respectively). The magnesium content was

ranged from 0.99±0.05 to 2.03±0.08 % for Amaranthus cruentus, from 0.40±0.04 to 0.57±0.01
% for Ocimum gratissimum and from 0.48±0.06 to 1.02±0.00 % for Solanum macrocarpon. All
the others mineral elements measured (copper, iron, manganese, phosphorus, sodium and zinc)
were in weak quantity (less than 1%) for all the studied leafy vegetables.

4. Value addition training and demonstration on Ablo, fruit juice, and Ata (Akara)
After the training on the fortification of Toubani, cookies and syrup, the recent one organized
by Benin team was related to new innovations. Descriptions of juice, Ablo, Akara or Ablo
processes were demonstrated with all participants. The training took place in all the studies
municipalities (Parakou, N’dali, Bemberekè, Semè, Abomey-Calavi, Bohicon, Djidja,
Cotonou, Ouaké, Djougou, and Boukoumbé). In total, 340 processors, 229 producers, 111
private partners and 322 consumers were trained with 86.7% of female (Table 6).

5. Industrial linkages
ZacoZA, is an NGO that produces important quantities of boiled and freeze-dried leafyvegetables and covers 2 large municipalities with important number of consumers (Cotonou,
Abomey-Calavi) in Benin. Currently with the support of the Microveg project, ZACOZA
contracted 600 supermarkets/fisheries in Cotonou and surroundings. A special

motorbike

(plate 9) was used to distribute precooked leafy vegetables.
In the case of HAMDAN Production, he was trained to processes Ocimum gratissimum in juice
which is known all over Parakou municipality.

Plate 9: ZacoZa motorbike for leafy distribution
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Table 5: Proximate and mineral composition of Amaranthus cruentus, Ocimum gratissimum and Solanum macrocarpon produced under fertilizer micro-dosing and harvested at different times
Amaranthus cruenthus
Parameters

Fertilizer doses

Harvest times

Degree of freedom

4

2

Ocimum gratissimum
Fertilizer doses *
Harvest times
8

Fertilizer doses

Harvest times

4

2

Solanum macrocarpon
Fertilizer doses *

Fertilizer

Harvest times

doses

8

4

2

8

Harvest times

Fertilizer doses *
Harvest times

Proximate composition
Ash

32.82 (0.11)

50.04 (0.09)

39.04 (0.10)

86.98 (0.07)

706.59 (0.05)

71.72 (0.07)

27.58 (0.12)

748.83 (0.05)

55.55 (0.08)

Carbohydrates

8.98 (0.21)

42.77 (0.10)

9.57 (0.20)

22.62 (0.13)

106.63 (0.06)

19.92 (0.14)

12.26 (0.18)

149.86 (0.05)

14.54 (0.16)

Energy

11.55 (0.18)

39.50 (0.10)

25.54 (0.12)

163.36 (0.05)

5.04 (0.27)

23.61 (0.13)

361.55 (0.05)

4421.06 (0.01)

55.58 (0.08)

Fat

23.64 (0.13)

744.40 (0.02) *

20.53 (0.14)

36.05 (0.11)

2.82 (0.34)

24.12 (0.13)

26.47 (0.12)

18.22 (0.15)

8.77 (0.21)

Fibres

7.05 (0.23)

25.12 (0.13)

8.69 (0.21)

15.89 (0.16)

1.93 (0.40)

11.89 (0.18)

28.93 (0.12)

5391.88 (0.01) *

63.32 (0.08)

Moisture

536.23 (0.03) *

75644.03 (0.00) *

160.35 (0.05) *

39.21 (0.10)

205142.34 (0.00) *

17.99 (0.15)

75.26 (0.07)

7419.16 (0.01) *

9.11 (0.20)

Protein

1.93 (0.40)

43.06 (0.10)

2.86 (0.34)

18.23 (0.15)

264.41 (0.05)

4.26 (0.29)

4.08 (0.29)

13.13 (0.17)

8.51 (0.21)

Mineral composition
Calcium

26.68 (0.12)

1999.57 (0.01) *

11.93 (0.18)

10.39 (0.19)

14.06 (0.17)

9.09 (0.20)

7.05 (0.23)

671.67 (0.05)

3.25 (0.32)

Copper

9.19 (0.20)

15.56 (0.16)

1.35 (0.45)

2.68 (0.35)

203.20 (0.05)

11.80 (0.18)

0.77 (0.54)

2866.11 (0.01) *

4.27 (0.29)

Iron

55.73 (0.08)

35479.26 (0.00) *

11.88 (0.18)

2.79 (0.34)

101.75 (0.06)

29.37 (0.12)

42.52 (0.10)

132.06 (0.06)

22.49 (0.13)

Magnesium

123.40 (0.06)

1692.75 (0.02) *

7.71 (0.22)

7.06 (0.23)

2.21 (0.38)

5.33 (0.26)

27.72 (0.12)

178.52 (0.04) *

24.45 (0.13)

Manganese

24.13 (0.13)

121.08 (0.06)

13.39 (0.17)

13.13 (0.17)

2.85 (0.34)

3.81 (0.30)

9.29 (0.20)

169.26 (0.04) *

8.33 (0.21)

Phosphorus

4.58 (0.28)

6.38 (0.24)

6.60 (0.24)

9.14 (0.20)

48.85 (0.09)

3.41 (0.32)

6.42 (0.24)

323.56 (0.05)

5.35 (0.26)

Potassium

29.88 (0.12)

75.55 (0.07)

4.41 (0.28)

10.61 (0.19)

199.28 (0.05)

3.23 (0.32)

0.34 (0.66)

153.73 (0.05)

11.38 (0.18)

Sodium

4.78 (0.27)

5.29 (0.26)

3.29 (0.32)

2.67 (0.35)

3.00 (0.33)

4.11 (0.29)

1.37 (0.45)

17.15 (0.15)

2.85 (0.34)

Zinc

132.46 (0.06)

1689.81 (0.02) *

87.59 (0.07)

1.60 (0.43)

67.96 (0.08)

13.85 (0.17)

183.34 (0.05)

4727.12 (0.01) *

66.17 (0.08)

*. The mean difference is significant at the 0.05 level.

Table 6:Training of stakeholders for value addition
Location

Processors

Producers

Private partners

Consumers

Total

Total

Percentag
e

Male

Female

Total

Male

Female

Total

Male

Female

Total

Male

Female

Total

Male

Female

10

43

53

15

37

52

8

11

19

8

70

78

41

176

217

81.1

6

43

49

10

30

40

2

21

23

8

55

63

26

159

185

85.9

Tchaourou

9

51

60

11

36

47

4

16

20

13

61

74

37

175

212

82.5

Djougou-Ouaké

11

68

79

21

47

68

4

11

15

20

80

100

56

227

283

80.2

4

25

29

8

20

28

3

11

14

13

82

95

28

146

174

83.9

Bohicon-Djidja

6

80

86

11

62

73

5

12

17

7

105

112

29

270

299

90.3

Abomey Calavi

16

49

65

11

16

27

7

42

49

15

72

87

49

190

239

79.5

Sèmè

8

26

34

14

17

31

3

24

27

5

61

66

30

142

172

82.6

Cotonou

24

80

104

20

63

83

6

85

91

11

96

107

61

344

405

84.9

Grand-Popo

11

60

71

39

51

90

4

31

35

23

102

125

77

283

360

78.6

Total

105

525

630

160

379

539

46

264

310

123

784

907

434

2112

2546

83.0

Parakou
N’Dali

-

Bembérékè

Boukoumbé

-

Natitingou
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Nigeria : summary of milestone achievements
1. Evaporative Cooler
Evaporative Cooling Storage System (Plate 1) was developed to improve the shelf life of green
leafy vegetables for farmers in rural Nigeria where assess to electricity is limited. The facility
designed was able to preserve the leafy vegetables, tomatoes, and even carrot for nine (9) days
without deterioration. The average cooling efficiency of the evaporative cooler was 80% during
no load test and 78.5% during the load test. The average temperature of the cooler was 22oC.
This cooling system requires low financial investment in production and obviates the need for
electricity and even solar. Also, it is environmentally friendly. The technical details of the
evaporative cooler have been reported in the 5th technical report of Microveg project.

2. Charcoal Powered Oven
The charcoal-powered oven is an oven that was designed by Microveg project to dry vegetables
under a short period of time which is usually less than 45 minutes for thinly spread bed of
vegetables. The charcoal-driven oven is as presented in Plate 2. The source of heat for the oven
is charcoal which is combusted manually 40 cm way from the bed of the vegetable leaves to
be dried usually 40 cm away. The charcoal requirement for the dehydration of 350 g vegetable
leaves is 50 g.
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Plate 1

Evaporative cooler and the inner chamber of the cooler
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Plate 2

Charcoal powered oven
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3. Bucket Dryer
The bucket dryer is a dryer that is also powered by combusted charcoal. The principle of
operation is similar to the charcoal driven oven explained earlier. The bucket dryer is cheaper
than the charcoal-driven dryer which has enclosed chamber and different drying tray layers.
Multi-stage layer can be constructed for a barrel design type. With bucket, the addition of
several drying layers may not be too feasible since the gap between the drying bed and the
source of heat must be provided to ensure effective drying. The charcoal requirement to dry
350 g of vegetable leaves is 50 g of charcoal. The drying time of a thin layer bed of vegetable
leaves is 35 minutes.

Plate 3

Bucket dryer

Other dryers for drying vegetable leaves that can be adopted by farmers with tonnes of
vegetable leaves include;
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4. Cabinet Dryer
Cabinet dryers are dryers that are used for batch drying of solid foods in general at a moderate
scale of between 1000 to 20,000 kg per day. They are simple and inexpensive to fabricate. It is
a conventional drying method that can be used to dry leafy vegetables by farmers with very
large output of vegetable produce. It can accommodate large produce per drying session. It
usually takes about 48 hours at 55 °C to successfully dry heaped vegetable leaves in a cabinet
dryer. For, thinly spread vegetable leaves, it takes about 4 hours to dry.

5. Hot Air Oven
Conventionally, hot air oven can also be used to dehydrate vegetable leaves. The capacity of
this hot air oven is usually small when compared to the capacity of a typical cabinet dryer. It is
not usually used for the dehydration of vegetable leaves. Vegetable leaves can be dried to a
moisture less than 10% in a hot air oven at the temperature range of 50-70 °C for a period of
2-12 hours depending on the thickness of the drying bed and the efficiency of the dryer.

6. VALUE ADDED PRODUCTS DEVELOPED
The value added products of vegetables brought about by the intervention of Microveg project
are;

6.1. Dried Vegetable Leaves
Dried vegetable leaves are products obtained after the drying of thoroughly cleaned and diced
fresh harvested vegetable leaves. The drying process can be done through any of the drying
technologies aforementioned. Drying of technologies with conventional technologies should
be done at a temperature not above 60°C to avoid the destruction of heat labile nutrients. Dried
vegetable leaves can found usage in the production of baked products and conventions where
the dried leaves can be sprinkled on the product during production. It can even find usage as

31

part of the recipe for the production of noodles’ seasonings. The dried vegetable leaves can
stay for as long as 4 months in an air tight and moisture-proof packaging material.

6.2. Vegetable Powder
Vegetable powder is a product obtained from the dry milling of dried vegetable leaves. The
powder can and has found usage in the production of fortified chinchin, cookies/biscuits, bread,
cake, ogi- a local cereal porridge. The vegetable powder is usually sifted after dry milling of
dried vegetable leaves. The vegetable powder has longer shelf life than dried vegetable leaves
in the same packaging material. The powders of the vegetables that this project predominantly
worked on which are Solanum macrocarpon (African eggplant), Amaranthus viridis
(Amaranth) and Telfairia occidentalis (fluted pumpkin) have been successfully stored while
retaining quality for not less than 8 months. All of the vegetables worked upon have a life span
higher than wheat flour. The incorporation of vegetable powder in foods results in even
distribution of green colour that is usually impacted on such foods. The depth of the hue
impacted in such foods is dependent on the concentration of the vegetable powder added.

6.3. Vegetable-fortified foods
Health-conscious consumers are increasingly seeking functional foods in an effort to control
their own health and well-being. The functional food industry is experiencing fast growth in
recent years. However, many middle to lower income class African families cannot afford the
cost of these supplements. Thus, consumption of enriched foods using locally available
resources will contribute substantially to protein, minerals, vitamins, fibres and other nutrients
which are usually in short supply in daily diets. Popularizing the consumption of vegetableenriched products has economic and health implications for several sectors of the economy:
farmers (demand for increased production of the vegetables), processors (production of dried
vegetables), marketers, food processors, etc. Children that do not normally enjoy eating
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vegetables can now consume vegetables without fuss. Encouraging the production of green
pastry products (e.g. vegetable-enriched bread, chinchin, cookies, etc) will require little or no
changes to the production facilities and will help enrich the diet of consumers which cut across
different ages of the human strata. The incorporation of vegetables into locally consumed
products create a major opportunity for food processors to provide healthy dietary fibreenriched products.

6.3.1. Vegetable-Fortified Chinchin
Vegetable powders were used to fortify the nutritional quality of chinchin to produce vegetable
fortified chinchin/green chinchin. The procedure for the production of the vegetable fortified
chinchin is not distinctly different from the conventional production of chinchin. The recipe
for the production of vegetable fortified chinchin has been presented in the fifth technical
reports.

Plate 4

Picture of vegetable fortified chinchin

All the dry ingredients (wheat flour, vegetable flour, salt, sugar, nutmeg and baking powder)
are weighed into a clean container and subsequently mixed. Already whipped eggs will be
added to the dry ingredients as well as milk. The ingredients will be mixed until a stiff dough
is formed which is allowed to mature for 20 minutes prior to kneading and cutting into
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chinchin-sized dough. This is then followed with frying in oil at 190°C for 10 minutes. The
fried chinchin is allowed to cool prior to packaging and/or consumption.

6.3.2. Vegetable-Fortified Cookies
In the production of vegetable fortified cookies, two forms of incorporation of vegetables were
used.
(i)

Rationale for using powdered vegetable and dried coarse vegetable
In order to fortify cookies with vegetables in the dried form. Two forms of fortification

of the dried vegetables were conceptualised. These forms were the introduction of vegetables
in powdery and in coarse (integrated) forms. The powdery form was designed to allow for easy
incorporation and perfect blending. The rationale behind the usage of the coarse vegetable
particle was to develop a product that can be a close match to commercial vegetable fortified
cracker.
(ii)

Procedure for the production of vegetable fortified cookies

The procedure and recipe for the production of vegetable fortified cookies has been reported
in the fifth technical report.

6.3.3. Vegetable-Fortified Bread
Vegetable bread can be produced either by using vegetable powder or vegetable slurry
(produced by wet milling fresh vegetable leaves).
Production of veggie slurry bread
Weigh wheat flour, sugar, salt accurately in a dough mixer and homogenize. Add yeast,
margarine, vegetable slurry and water into the homogenized dry ingredients (Table 1). Mix for
4 minutes to obtain a stiff dough. Remove the dough from the mixer onto a clean table
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Plate 5

Vegetable cookies

(previously sprinkled on flour); knead the dough and cut the dough to desired shape. Transfer
the dough to the proofer and proof for 90 minutes. Transfer the dough to the hot oven at 250 ̊C
for 20 minutes. Thereafter, remove the loaf from the oven; allow to cool to room temperature
and packaged as desired.
Table 1

Recipe for bread fortified with fluted pumpkin leaf slurry
Quantity

Ingredient

Control

1%

3%

5%

Vegetable slurry (mL)

-

12.00

36.00

60.00

Wheat flour (g)

100.00

99.00

97.00

95.00

Sugar (g)

5.00

5.00

5.00

5.00

Yeast (g)

2.00

2.00

2.00

2.00

Margarine (g)

4.00

4.00

4.00

4.00
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Salt (g)

1.00

1.00

1.00

1.00

Water (mL)

60.00

48.00

24.00

-

Plate 6

Vegetable bread

Production of bread supplemented with vegetable powder
Dried vegetable was incorporated into bread formulation (0, 2, 3 and 5%). Two forms of
vegetables were used: sieved and unsieved. The recipe for the bread is presented in Table 2.
Table 2

Recipe for green bread production

Ingredient

Quantity/ 100 g of composite flour

Wheat flour

97.00 g

*

3.00 g

Margarine

4g

Salt

1g

Yeast

2g

Water

60 ml

Sugar

5g

Vegetable powder
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Production Procedure
Weigh the ingredients accurately; clean the mixer and pour the flour in to the mixer. Add the
vegetable powder and mix together; then add salt and mix together. Add sugar and mix together
followed by yeast and then margarine. Add the required water to the ingredients in the mixer
gradually. If dried leave particles (integrated) is to be used, add here and mix together. Mix for
4 minutes to obtain a stiff dough. Remove the dough from the mixer onto a clean table
(previously sprinkled with flour); knead the dough and cut the dough to desired shape. Transfer
the dough to the baking pan (previously cleaned and oiled with cholesterol-free vegetable oil
or margarine) then transfer the dough to the proofer and proof for 90 minutes. Transfer the
dough to the hot oven at 250 °C for 20 minutes. Thereafter, remove the loaf from the oven;
allow to cool to room temperature and package as desired.
It is important to note that that the texture of the bread, rising volume and the viscoelastic
properties of the bread are not affected negatively as presented in our online publications on
vegetable fortified bread. The production of vegetable bread requires no additional equipment
apart from the usual equipment for bread making. The economic cost of the production of
vegetable is not exceedingly high but affordable. The incorporation of vegetable in the
production of bread confers extended shelf life to the product. Also, it causes 46 and 100%
increase in protein and ash content respectively for 3% fortification levels. The processes for
the production of vegetable bread are easily adoptable by local entrepreneurs.
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Plate 7

Bread supplemented with vegetable leaf powder

Profitability comparison of dry and slurry vegetable fortified bread
 The summary of comparison of economic analysis of veggie bread (0%, 1% and 3%)
with dry and slurry forms of vegetable is presented in Table 3.
 Twenty (20) loaves of bread at 150 g/loaf was obtained from 1 kg of flour.
 The production cost, labour cost, equipment cost and all other costs associated with
production were taken into consideration in the calculation.
 The production cost per and selling price (at 20% profit margin) per loaf and kg of flour
of the vegetable fortified bread were higher than the 100% wheat bread.
 The production cost per loaf and kg of flour of the bread fortified with dry vegetable
powder (1 and 3%) were higher than the bread fortified with slurry form of vegetable (1
and 3%).
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Table 3

Profitability comparison of dry and slurry vegetable fortified bread
Control

Dry

Slurry

Dry

100% wheat flour 1% dry vegetable

1%

bread

slurry Fortified

Fortified bread

vegetable 3% vegetable dry

Slurry
3% vegetable slurry

Fortified bread

Fortified bread

bread
Number of loaves/kg of flour

20

Product cost/ loaf of bread (150 40.79

20

20

20

20

45.15

42.15

55.73

48.44

903.00

843.00

1114.60

968.8

54.59

50.58

62.29

58.12

g)
Production/kg of flour (N)

815.80

Selling price/ loaf of bread at 48.95
20% profit margin (N)
Selling price/ kg of flour (N)

979.00

1091.80

1011.60

1245.80

1162.4

Profit/loaf of bread (N)

8.16

9.44

8.43

6.56

9.68
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Profit/kg of flour (N)

163.16

188.80

168.60

131.20

193.6
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The high production cost of bread fortified with dry form of vegetable might be due
to the of cost of drying process the dry form of vegetable was subjected to prior to
addition to the bread

 Due to the high production cost of the bread fortified with dry form of vegetable, the selling
price at 20% profit margin per loaf and per kg of flour of bread fortified with dry form of
vegetable were higher than the ones fortified with slurry form of vegetable.
 Surprisingly, in terms of the profit margin per loaf and kg of flour, bread fortified with 3%
slurry resulted in highest profits (N9.68 and N193.60), this is followed by bred fortified
with 1% dry vegetable (N9.44 and N188.80), then bread fortified with 1% slurry was the
third (N8.43 and N168.60) and then bread fortified with 3% dry vegetable (N6.56 and
N131.20).

6.3.4. Economic statement
The following economic statement;
 Bread fortified with 3% vegetable slurry is 32.23 % more profitable than bread fortified
with 3% dry vegetable.
 Bread fortified with 1% dry vegetable is 10.69% more profitable than bread fortified 1%
vegetable slurry.
 Overall, bread fortified with 3% vegetable slurry is 2.48% more profitable than bread
fortified with 1% dry vegetable.
 Therefore, the higher the quantity of vegetable slurry in bread, the more profit it brings
while the higher the dry vegetable in bread, the less profit it brings.
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6.4. Vegetable-Fortified Ogi
The procedure for the production of vegetable fortified ogi. Weigh cleaned yellow maize grains
(200 g) in a clean bucket containing 300 ml of distilled water. Steep for 48 h at room temperature
(28 ± 2 °C). Discard the steep water and wet-mill using a Kenwood chef grinder. Sieve the slurry
to remove the over tails. Allow the troughs to stand and ferment for 24 h at room temperature.
Decant the souring water from the sediments and allow the slurry to partially harden in a muslin
cloth by hand squeezing. Add the vegetable liquid extract in ratios shown in Table 4 to the partially
hardened cake. Then allow to dry at 60 °C for 12 h to obtain dry green maize ogi powder samples
that can be packaged.
Table 4

Binary mixture of maize ogi and vegetable extracts

Sample code

Vegetable extract (mL)

Maize Ogi cake (g)

A

0

100

B

10

100

C

25

100

D

50

100

E

75

100

F

100

100

6.5. Vegetable-Fortified Moin Moin
Vegetable fortified moin moin is a cowpea pudding fortified with wet milled vegetable. This
product is still being developed in our laboratory in Nigeria. The outcome of the product is
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promising with results coming to show the effect of the incorporation of vegetable slurry in the
production of cowpea pudding which is a popular food in most of the southern states of Nigeria.

6.6. Pineapple Flavoured Vegetable Juice
This is a juice product obtained from the extract of Telfairia occidentalis leaves. The fresh leaves
were wet-milled with water in the ratio of 1:2 w/v to produce a slurry which was sieved to obtain
a distinctly clear green coloured liquid. This juice is then flavoured with pineapple juice prior to
pasteurisation and bottling. The sensory assessment of the product revealed a promising result.
More results are forthcoming in our laboratories in Nigeria.

7. INTERACTION WITH REGULATORY BODIES
Visit to NAFDAC
The products (vegetable enriched bread, chinchin and cookies) were displayed in the meeting to
the NAFDAC officials. NAFDAC Coordinator at the State Office stated that the products are
registrable and NAFDAC is ready to give the necessary support to the project. He buttressed that
vegetables are already being consumed and that the addition of vegetable to the snack and pastries
should not constitute any deleterious health implication if good manufacturing practices are
adhered to. He said that the addition of vegetable into foods will nutritionally enrich food. He
therefore suggested, as a matter of necessity that the research team should meet with the Director
of Food Safety and Applied Nutrition at NAFDAC Headquarters in Lagos State for proper
information and full support.
Visit to SON
To view snapshots of SON visits;
SON Osogbo
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https://drive.google.com/open?id=1XngWdmGNakztpIq5iMWExTD0CRITMm-y
SON Lagos
https://drive.google.com/open?id=1-mOgSPgEq6jyfVlHhILzaJt57PvtCMqi
The value addition team visited the Standard Organisation of Nigeria (SON), Osogbo office to
notify the agency of the new products (vegetable fortified pastries) and to know the processes for
registration and certification. Standard Organization of Nigeria (SON) is a Nigeria Government
Agency which is saddled with the responsibility of new product registration and certification, with
a mark of product quality. The SON members of staff, in their curiosity to know more about the
products asked some questions about the products and answers were immediately given by the
value addition team members. The SON state coordinator explained the processes for obtaining
product certification and mark of quality which are on the official website (www.son.gov.ng) of
the agency. SON identified with the project and they showed their support to create a standard for
vegetable fortified products in Nigeria as there were no such standard prior to the visit of the value
addition team.
In further pursuance of the standardization of the vegetable products by the team, the Operational
headquarters of SON was visited. The Director of Standards of the organisation acknowledged the
team for the great work done towards empowering the populace and reduction of wastages of
crops. A comment towards extending the impact of the research throughout the nation. Some
questions were however raised which include availability, affordability and sustainability of the
technologies by the users/consumers. Questions were raised as to the hygiene level of the
processors engaged as well as the nutritive value, shelf life and comparative analysis of the
products over commercial ones. Issues around organoleptic testing, material handling, packaging
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material, labelling and poly aromatic hydrocarbons in the smoke used during the usage of charcoaldriven oven were raised.
Elaboration of standards for the products
The Director of Standards explained the processes for elaboration of standards. It was
acknowledged that the products are indigenous and for such code of practice can be obtained for
standards can be elaborated. The code of practice gives recommendation for best practices e.g.
appropriate farming methods, harvesting, transportation, material handling, drying methods and
time, nutritive information, shelf life and how to achieve a better shelf life.
According to the Director of Standards, the code will lead to standard for the products. Standard
specifies the nature of raw materials, contaminants level, specific terms that are used. It was noted
that standards are not written in isolation and that other stakeholders are always involved.
To fully initiate elaboration of standards, a draft of the necessary information about the product
must be developed and submitted to SON which will be sent out for 30 days to different
stakeholders. Upon the receipt of the responses from the stakeholders, a meeting will be held with
the Technical Committee where a consensus will be reached on whether the code/standard will be
approved.
The Director of Standards specifically mentioned that elaboration of standards usually takes a
minimum of 6 months and might run for two years depending on the complexities of the
code/standard being sought.

8. RESEARCH UPTAKE BY INDUSTRIES
After the development of value added vegetable product like bread, chinchin and cookies, sensory
assessment were conducted in two Nigerian Universities namely Obafemi Awolowo University
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and Osun State University after obtaining necessary ethical clearance. Also, the Bakers association
of Ile-Ife in Nigeria assessed the highlighted value added vegetable products. The overall
deduction from the assessment resulted in preference for value added vegetable products. The
technical details of this assessment have been reported in the Microveg’s fifth technical report.
Contacts have been made with the industry with the aim of adopting the production of green
bakery products. Profs Oyedele, Ayanwale and Taiwo paid visits to:

Sumal/Yale Foods Ltd, Oluyole Estate, Ibadan – manufacturer of varied confections and
has 60% share of biscuit market in Nigeria. We observed that their products target children at low
prices. In the course of our discussion, it became clear that incorporation of vegetable will hike the
cost which may not be within the reach of their current consumers. The company has requested
for dried vegetable samples to try producing green biscuits, test market it before we continue
further discussions. They also want information on the nutritional status of the enriched products
especially minerals. Work is ongoing to dry and supply the dried vegetables.

Buttefield Bread Plc – owned by a South African companny with head quarters in Lagos. The
team plans to visit the H/Q soon. Butterfield is a good choice because they have bakeries in
different parts of Nigeria (although a few have been shut down due to mismanagement) and they
have an established distribution network and channels.

Precious Cakes & Confectionery -Based in Lagos. They have built up a small but reliable
market outlet for their products. A small startup company just left the incubator centre and are
eager to experiment with dried vegetable powder. They want financial support in provision of
equipment.
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9. COMMERCIALISATION OF VEGGIE BREAD
In the Obafemi Awolowo University campus, the commercialization of vegetable bread
commenced since February, 2017. Market penetration kept increasing on weekly basis.
Advertisement on the School’s website improved awareness to over 25,000 student population on
the campus. The facilities of the Department of Food Science and Technology are being used to
produce the bread. The vegetable bread is also being sold by a major retailer at the OAU Staff
Quarters on weekly basis. The Department of Soil Science on the University campus requests for
the bread on weekly basis for meetings. The bread is still currently being produced one day per
week alongside with the departmental bread. The green bread still serves as a variant of the
departmental bread.

10. COMMERCIALISATION OF VEGGIE CHINCHIN
The uptake of the veggie chinchin production by willing producers was the goal of the value
addition team for the vegetable incorporated snacks. A wife to one of the University staffers has
commenced the production and sale of vegetable incorporated chinchin off campus in Ile-Ife
community. The value addition team is rendering technical support in terms of vegetable powder
availability and cost evaluation that will produce reasonable rate of return on the production. She
has tried it successfully with nice packaging (Plate 7) and even intend to delve into the
incorporation into cake which the value addition team has provided technical support for. The team
is monitoring the progress of the take up of the veggie chinchin by this person.
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Plate 8

Packaged vegetable chinchin with the producer

AWARENESS CREATION
Awareness was done at different communities, states and for across Nigeria. Notably are the
following;
Training workshop of Moro Women
The team trained over 42 Moro women on how to produce vegetable enriched products at
the Chapel Auditorium of the Moro Palace. The women were taught the drying of vegetables using
charcoal powered dryer. The women were taught on how to produce vegetable chinchin which
they produced after the training. They were also taught how to produce vegetable bread and
vegetable cookies.
To view the snapshots of the training:
https://www.dropbox.com/sh/p26mwmpbgb1u0ac/AADFq4udiiiz_SduZo6HR6Bxa?dl=0
Training Workshop of Bakers’ Association on Vegetable Bread Production
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The Ife Master Bakers Association (over 100 professional bakers and bakery owners) were
trained on how to incorporate vegetable powder and vegetable slurry into bread for vegetable bread
production.
To watch video on Baker’s training
https://drive.google.com/open?id=1SWhBY93tmhSMXHBeZtHUF3uvsWEHv2bq

To view snapshots of the training
https://drive.google.com/open?id=1-k9Vyeas_DySPx5gfZ-FSXsjaYrXhP8X

Training Workshop of Ekiti Famers
Over a 100 participants participated in the training with about 60% female. The participants were
taught how to enrich pastry products and ogi with vegetables. The benefit of the consumption of
vegetables were explained in detail to the participants. Vegetable enriched pastries and
reconstituted vegetable stew were distributed during the training which they all liked and
consumed at the spot which shows their high preference for the products. The measures of the
recipe for the production of these vegetable enriched pastries were distributed using the local
measures that participants are usually used with.
To view the snapshots of the training:
https://www.dropbox.com/sh/y2cfp2rnixrsh4a/AADQw5Ie7cn7fSBB-UVXKmEea?dl=0
Other trainings
Trainings were also conducted at Ibadan (Oyo State), Osogbo (Osun State) and Agege (Lagos
State) through innovation platforms. Undergraduates of Osun State University and Obafemi
Awolowo University were also sensitized on green products.
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Pictures of Lagos training can be accessed through the link below;
https://drive.google.com/open?id=14yiw4qZCzLjvqMtlCrONvbh1pK3D0tuE

Pictures of Osogbo training can be accessed through the link below;
https://drive.google.com/open?id=1wMQ0yD_ZUfiezdIySIaRulUzYQTrlnHW

Pictures of Ibadan training can be accessed through the link below;
https://drive.google.com/open?id=1n6HCuJN9fagvAWrEl3xV2cakIxd96v9c

Pictures of training of Obafemi Awolowo University Students can be viewed through the
link below;
https://drive.google.com/open?id=1oEB8AOSApthOGbMj4UmT8mOxQ20OF1fO

Pictures of training of Osun State University Students can be viewed through the link
below;
https://drive.google.com/open?id=157bQvx5BYYYx-f4adRPqHsCqJlxM5Vgd

Exhibitions
Vegetable enriched bread and pastries were exhibited at the following fora:
1) Humboldt Kollege at The Federal University of Technology Akure, Nigeria: Theme:
Functional Foods and Nutraceuticals: Translating the Knowledge of Food bioactive
compounds to Effective Health Care Delivery in Developing World, The Federal
University of Technology, Akure, 2nd-6th April, 2017.
2) AAU conference - Association of African Universities, Training Workshops On
Facilitating University-Industry Linkages, OAU, April 24-27, 2017.
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3) Federal Minister of Agriculture of The Federal Republic of Nigeria (Chief Audu Ogbeh)
exhibited vegetable pastries at a Townhall meeting at Obafemi Awolowo University
Campus on 14th July, 2017.

CHALLENGES AND SOLUTIONS
Challenges

Solutions

Epileptic electricity

Design of equipment that are not electricity dependent

Perishability of vegetables

Preservation through drying was developed

Value improvement

Incorporation in foods like chinchin, bread, cookies and so on

Communication gap during

Develop recipes in local measures that they can relate with and

training of women and local

sensitization was done in local language.

farmers
Market penetration of

Development of standards was initiated and sensitization about

vegetable products

the products was done at different fora, conferences, workshops
and OAU website

Slow acceptance of products Increase sensitisation of the public and outreach to chambers of
(unfamiliar with the

commerce. Incentives (to offset losses due to slow acceptance

products)

for a period) may need to be paid to some entrepreneurs to
embrace production.

VIDEO GALLERY
Bakers’ training
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https://drive.google.com/open?id=1SWhBY93tmhSMXHBeZtHUF3uvsWEHv2bq
Drying of vegetables
https://drive.google.com/open?id=1ugMcdMK39yuwAnypzSxO1OclUGqmY-go
Interviews
https://drive.google.com/open?id=1NrQbH_J1O7JwolHZx54uorRwmmBgOjX8
Production of Green Bread
https://drive.google.com/open?id=1MGWr9FH9eJDdbnl0dKTTwFjVUyFhVm8S
Production of vegetable cookies
https://drive.google.com/open?id=1B7J0odnE2sJf9UDCCSNydyoc5wBK7TpB
Production of veggie cookies using dried shredded vegetable
https://drive.google.com/open?id=1CBySuVZgIFJwouUKx6pF0VVEAv_VoJRZ
Production of veggie chinchin
https://drive.google.com/open?id=1LFytT6n5QejnIkrPW-QtgFqom2sizlAA
Osun State Univeristy training
https://drive.google.com/open?id=1GLAOP1OKr0pqwbRE4_iqmT55Ffh8AqpObafemi Awolowo University Training
https://drive.google.com/open?id=1VzOnUrGClTMA9S0p_MECbaoO_3pWeFGq

PICTURE GALLERY
Bakers’ training
https://drive.google.com/open?id=1-k9Vyeas_DySPx5gfZ-FSXsjaYrXhP8X
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Moro Training
https://drive.google.com/open?id=1XLTMLjt4FOvIorpgX_Cbe_z_yWaLkQkz
Lagos training
https://drive.google.com/open?id=14yiw4qZCzLjvqMtlCrONvbh1pK3D0tuE
Osogbo Training
https://drive.google.com/open?id=1DrbiNeMnKWFnLDjGQInHz6LlsSezLmFr
Ekiti Training

https://www.dropbox.com/sh/y2cfp2rnixrsh4a/AADQw5Ie7cn7fSBB-UVXKmEea?dl=0
Osogbo Value addition training
https://drive.google.com/open?id=1wMQ0yD_ZUfiezdIySIaRulUzYQTrlnHW
Osun State University Training
https://drive.google.com/open?id=157bQvx5BYYYx-f4adRPqHsCqJlxM5Vgd
Obafemi Awolowo University Training
https://drive.google.com/open?id=1oEB8AOSApthOGbMj4UmT8mOxQ20OF1fO
Ibadan training
https://drive.google.com/open?id=1n6HCuJN9fagvAWrEl3xV2cakIxd96v9c
Bread production
https://drive.google.com/open?id=1qYQIUSzglsoxfQruqJ7gwGFBsGLt9tEy
Chinchin production
https://drive.google.com/open?id=1VxtTRHHHV4SeaZBcVJPEaB7YGWJZR8Z2
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Green Ogi
https://drive.google.com/open?id=1T8-uYQERT09qDISJWNlREBlMU-tnBRCS
Vegetable drying
https://drive.google.com/open?id=13bNDsqHrYyMEWCoWMw9aNF3Hj-OcYB-o
SON
https://drive.google.com/open?id=18IkR4nYMeTDDeMdRgBv6jk6L6EP_WBDhttps://drive.google.com/open?id=18IkR4nYMeTDDeM-dRgBv6jk6L6EP_WBD
SON Osogbo
https://drive.google.com/open?id=1XngWdmGNakztpIq5iMWExTD0CRITMm-y
SON Lagos
https://drive.google.com/open?id=1-mOgSPgEq6jyfVlHhILzaJt57PvtCMqi
Value Addition Team
https://drive.google.com/open?id=1DEMDpbC7UCHkeEspxtrggeflx32a0g-T

Canada : summary of milstone achievements
1. Optimized extraction of leaf polyphenols: Using a series of combinations, an optimal 1:20
ground leaf powder to water ratio that was mixed for 2 h at 60 °C produced the highest yield of
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extracts after centrifuged at 10,000g for 30 min. This processing protocol has since been adopted
in all the work that required production of polyphenol concentrates.
2. Bioctivity of polyphenol concentrates : The work focused on 4 critical aspects of human
health : antioxidant, antihypertensive, anti-neurodegeneration, and anti-proteases.
2.1. We did extensive analysis of the polyphenol concentrates with respect to ability to serve as
antioxidants in foods and human tissues. As shown in Table 1, the concentrates exhibited various
antioxidant properties, which suggest potential use as agents against free radical-mediated
chronic diseases. An important outcome was that the antioxidant property depended not only on
variety or level of fertilizer but also time of fertilizer application.
2.2. Acetylcholinesterase (AChE) is an enzyme that has been implicated in the onset and
pregression of neurodegenerative diseases such as Alzheimer’s and dementia. Therefore,
currently pharmacological approach to treatment of these diseases involves the use of anti-AChE
drugs. In this work, we showed that the leaf polyphenol concentrates were also strong inhibitors
of AChE activity and could serve as potential therapeutic agents against neurodegenerative
diseases. In particular the TO extract was most effective as well as the concentrates produced
from plants fertlized with 60 kg urea/ha (Table 1). Fertilizer application two weeks after planting
was more effective than when applied at planting.
2.3. Antihypertensive : Various works have shown that polyphenols could serve as efefctive
blood pressure-reducing agents. Therefore, our intial work tested and confirmed ability of the
leaf polyphenols to inhibit activities of renin and angiotensin converting enzyme (ACE), thetwo
enzymes that play significant role in the pathogenesis of hypertension. In order to confirm the in
vitro tests, the polyphenol concentrates were orally given to spontaneously hypertensive rats
(SHRs) followed by 24-hr continuous blood pressure measurement by telemetry. As shown in
Table 2, Amaranthus and Telfairia were the most effect in reducing blood pressure and heart rate
while Solanum was almost ineffective at the level administered. However, when the dose of
Solanum was increased by 5 times (500 mg/kg body weight), some significant reductions in
blood pressure were observed. Ability of the concentrates to reduce heart rate in addition to
blood pressure is highly significant since degeneration of heart functions always precede
catastrophic cardiovascular events that can lead to death.
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TABLE 1
Results from 3-way ANOVA and Duncan’s test of the effects of vegetable variety (VV), fertilizer dose (FD), and fertilizer
application time (FAT) on antioxidant and anti-acetylcholinesterase properties of aqueous extracts of Telfairia occidentalis, (TO), Solanum
macrocarpon (SM), and Amaranthus viridis (AV) leaves1
Parameters

Source of variation (F values) Mean intensity for VV 2
VV

FD

FAT

SM

AV

TO

Mean intensity for FD (kg
urea N/ha)2
20
40
60
80

DPPH

34.35*

21.5*

6.39*

FRAP

2149*

45.5*

62.89*

MCA

1704*

274.1*

4.15*

TAC

1807*

203.2*

2.06

TFC

3083*

29.37*

0.93

TPC

5810.35*

24.19*

13.12

AChE

190.35*

14.26*

9.43*

Yield

37.90*

19.21*

8.64

0.161b
(0.002)
0.571b
(0.004)
0.55c
(0.01)
16.29a
(0.249)
354.16a
(7.48)
501.88b
(0.82)
13.88b
(0.259)
30.10a
(0.235)

0.173c
(0.002)
0.527a
(0.004)
0.19a
(0.01)
36.27c
(0.249)
506.25b
(7.48)
463.15a
(0.82)
12.90a
(0.259)
32.73b
(0.235)

0.156a
(0.002)
0.851c
(0.004)
0.46b
(0.01)
32.29b
(0.249)
1137.71c
(7.48)
585.16c
(0.82)
19.52c
(0.259)
32.44b
(0.235)

0.157b
(0.002)
0.659bc
(0.005)
0.55e
(0.01)
30.25d
(0.321)
742.50c
(9.66)
518.37b
(1.06)
15.65b
(0.334)
31.43b
(0.303)

0.173c
(0.002)
0.595b
(0.005)
0.34b
(0.01)
28.40c
(0.321)
625.14a
(9.66)
512.31a
(1.06)
15.13b
(0.334)
31.89b
(0.303)

0.162b
(0.002)
0.669cd
(0.005)
0.29a
(0.01)
34.53e
(0.321)
680.35b
(9.66)
510.21a
(1.06)
17.23c
(0.334)
33.86c
(0.303)

0.173c
(0.002)
0.647b
(0.005)
0.39c
(0.01)
22.37a
(0.321)
609.51a
(9.66)
521.50b
(1.06)
13.7a
(0.334)
30.22a
(0.303)

0

0.150a
(0.002)
0.680d
(0.005)
0.41d
(0.01)
25.86b
(0.321)
672.71b
(9.66)
521.26c
(1.06)
15.46b
(0.334)
31.38b
(0.303)

Mean intensity
for FAT2
Before
After
planting planting
0.161a
(0.001)
0.633a
(0.003)
0.40b
(0.00)
28.07a
(0.203)
670.21a
(6.11)
515.02a
(0.69)
14.97a
(0.211)
31.38a
(0.192)

0.166b
(0.001)
0.667b
(0.003)
0.39a
(0.00)
28.49a
(0.203)
661.88a
(6.11)
518.44a
(0.69)
15.89b
(0.211)
32.15a
(0.192)

1

DPPH (2, 2 diphenyl-1 picrylhydrazyl radical); FRAP (Ferric reducing antioxidant power); MCA (metal ion chelating ability); TAC (total
antioxidant capacity); TFC (total flavonoid content); TPC (total phenolic content); AChE (acetylcholinesterase activity inhibition); Yield
(gross yield of aqueous extracts). Mean intensity values (standard error of the mean) with different letters in the same row (parameter) are
significantly different (p < 0.05).
2
Units: DPPH (Effective concentration that scavenged 50%, EC50 mg/mL); FRAP (mmol Fe2+); MCA (Concentration that chelated 50%,
IC50 mg/mL); TAC (mg/g gallic acid); TFC (µg/g rutin equivalent); TPC (mg gallic acid equivalent/g); AChE (%); Yield (%).
*significant at p < 0.05.
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TABLE 2

Antihypertensive properties of leaf polyphenol concentrates

(100 mg/kg rat body weight) after oral administration to spontaneously
hypertensive rats*
Parameter

Telfairia
occidentalis

Amaranthus
viridis

Solanum
macrocarpon

Systolic blood
pressure reductions
(mmHg)

Max.: -26 after
6 h;
Duration: 8 h

Max.: -39 after Max.: -8 after
8 h;
6 h;
Duration: 24 h Duration: 8 h

Diastolic blood
pressure reductions
(mmHg)

Max.: -24 after
6 h;
Duration: 24 h

Max.: -27 after Max.: -6 after
6 h;
8 h;
Duration: 24 h Duration: 8 h

Heart rate
reductions
(beats/min)

Max.: -88 after
8 h;
Duration: 24 h

Max.: -108
after 8 h;
Duration: 24 h

Max.: -27 after
6 h;
Duration: 8 h

2.4. Inhibition of digestive enzymes : Figures 1-4 represents the inhibition of the enzymatic
activities of α-amylase, α-glucosidase, pancreatic lipase and trypsin, respectively. Amaranthus
showed very strong inhibitions of trypsin (Figure 4) and amylase (Figure 1) activities while
Telfairia was the best inhibitor of the glucosidase (Figure 2). The three leaf concentrates had
very similar inhibitions of pancreatic lipase (Figure 3). α-amylase and α-glucosidase are
improtant carbohydrate-digesting enzymes while pancreatic lipase is the main enzyme required
for lipid digestion. Therefore, these three enzymes participate in reactions that yield significant
amount of calories and their inhibition provides a proven path towards maintenance of normal
weight and normal blood sugar levels. Our results indicate that the polyphenol concentrates may
be useful dietary agents to prevent excessive caloric intake and assist with the prevention of
obesity and diabetes. We also showed that the mode of trypsin inhibition is competitive (Figure
5), which is usually considered one of the most effective means of reducing the rate of enzymecatalyzed reactions. Trypsin inhibition is important because it catalyzes reactions that are similar
to those used by viruses to infect huamn cells. Hence incorporation of trypsin inhibitors into
treatment practices has been used for management of various viral diseases. In this work, we
showed that the leaf polyphenol concentrates are potential inhibitors of viral infections and could
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provide significant protection to infants and children in developing countries where drugs are
expensive and unaffordable to parts of the population. Future trials with human volunteers will
be required to verify these potential effects on diabetes, obesity and viral infections.
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Figure 1 : Inhibition of α-amylase activity by leaf polyphenol concentrates
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Figure 2 : Inhibition of α-glucosidase activity by leaf polyphenol concentrates
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61

SM 40T1

A

SM 40T2
80

0  gm L
2 .5  g / m L

1 /V ( m i n / A 4 1 0 n m ]

1 / V ( m in /  A 4 1 0 n m ]

80

7 .5  g / m L

60

40

20

-1

0

1

2

3

4

5

0  g/m L
2 .5  g / m L
7 .5  g / m L

60

40

20

-1

0

1

0  g/m L
1  gm L
5  g/m L

60

40

20

0

1

2

3

4

5

-1

0  g  mL
5  g /m L
7 . 5  g /m L

60

40

20

0

1

2

4

5

AV80T2

AV80T1

C

3

1 / [S ] (m M )

1 / [S ] (m M )

80

80

0  gm L
1  gm L
60

I / V ( m in /  A 4 1 0 n m )

1 / V ( m in /  A 4 1 0 n m ]

5

80

1 / V ( m in /  A 4 1 0 n m ]

1 / V ( m in /  A 4 1 0 n m ]

80

-1

4

TO60T2

TO60T1

-1

3

1 / [S ] (m M )

1 / [S ] (m M )

B

2

7 .5  g / m L

40

20

0

1

2

1 / [S ] (m M )

3

4

5

-1

0  gm L
1  gm L
60

10  g/ m L

40

20

0

1

2

3

4

5

1 / [S ] (m M )

Figure 5 : Lineweaver-Burk plots (Kinetics) for the inhibition of trypsin activity by vegetable
extracts on trypsin (A) Solanum macrocarpon; (B) Telfairia occidentalis; and (C) Amaranthus
viridis in the hydrolysis of BApNA at different concentrations. Intersection of the lines on the Yaxis means that the polyphenol compounds bind to the active site of the enzyme and this is called
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competitive inhibition (i.e., the polyphenol compounds compete with and displace the substrate
from the trypsin active site).
3. Bioactivity of polyphenol-enriched bread : Bread fortification is an effective means of
enhancing vegetable consumption due to the popularity and regular consumption of this baked
product. After fortification, the bread samples were analyzed for antioxidant and antihypertensive
effects.
3.1. Antioxidant activity was determined in vitro using various standard tests (Figures 6-11).
Resukst showed that the fortified bread had more antioxidant properties (DPPH, iron reducing
power, metal ion chelation, superoxide radical scavening and inhibition of lipid oxidation) than
the control wheat bread (better hydroxyl radical scavenging only). The pathogenesis and
progression of chronic diseases has been shown to be linked to high levels of free radicals but low
levels of antioxidants in the body. Therefore, the fortified bread could act as a source of exogenous
antioxidants that could limit accumulation and damaging effects of free radicals. The superior
inhibition of lipid oxidation by the fortified bread is particularly significant because fatty acid
oxidation is a precursor to development of atherogenic plaque within blood vessels. In this case,
the vegetable-fortified bread could serve as a suitable dietary aide that can be used to prevent
atherosclerosis and the associated blockage of blood vessels, a lajor causative factor in
cardiovascular impairment. Since stroke and heart attacks are very common during aging in
developing countries, the polyphenol-fortified bread may serve as a suitable preventive agent.
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Figs 11: Inhibition of linoleic acid oxidation control bread (0%) or bread fortified (1-3%) with (A)
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3.2. Antihypertensive activity : Hypertension is a major causative faculty of stroke, kidney
dysfunction, heart attack and sudden death because of the effect of the heart and blood vessels.
The use of antihypertensive drugs has been used to manage hypertension but the negative side
effects usually encourage patient non-compliance with physician-recommended doses. The habit
of intentionally reducing drug doses in order to minimize negative side effects (e.g. erectile
dysfunction, and cough) contributes to increased pathological intensity and is believed to be a
causative factor for fatalities in people that use antihypertensive drugs. Therefore, available of
natural compounds such as leaf polyphenols that have little or no negative side effects could
contribute to reduced incidence of irreversible or fatal cardiovascular events. We first examined
the ability of fortified bread to reduce in vitro activities of enzymes (ACE and renin) that control
human blood pressure. As previously reported, effective reductions of enzyme activities were
obtained. The bread extracts were then orally administered to SHRs, which led to significant
reductions in blood pressure and heart rate (Table 3). The most significant reductions were
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obtained for the 3% level of fortification, which is within the acceptable level to consumers. Also
important is the longer-lasting effect of the 3% vegetable bread, which is an indication of
persistence within the blood and resistance to fast metabolic inactivation. Therefore, we have
strong evidence from the rat work showing antihypertensive effects of polyphenol-fortified bread
when compared to the 100% wheat bread. While human trials are required to confirm the efficacy,
the current results point to the potential use of polyphenol-fortified bread as dietary components
that can be used to reduce blood pressure and prevent hypertension-related cardiovascular
disorders. Based on rat to human dose conversion factor, we estimated that dialy consumption of
approx. 7g (2-3 slices) of the fortified bread could be sufficient to maintain healthy blood pressure
in a typical 70 kg human being. This level of consumption is easily achievable and could encourage
adoption of the fortified bread as an antihypertensive food.
TABLE 3

Antihypertensive properties of Amaranthus viridis (AV) leaf-enriched

bread after oral administration to spontaneously hypertensive rats*
Parameter

100% wheat
bread

Wheat bread
+ 1% AV

Wheat bread
+ 2% AV

Wheat bread +
3% AV

Systolic blood
pressure
reductions
(mmHg)

Max.: -20
after 8 h;

Max.: -25
after 4 h;

Max.: -26
after 2 h;

Max.: -41 after
6 h;

Duration: 8 h

Duration: 12
h

Duration: 24
h

Duration: 24 h

Diastolic blood
pressure
reductions
(mmHg)

Max.: -23
after 2 h;

Max.: -22
after 6 h;

Max.: -20
after 2 h;

Max.: -31 after
6 h;

Duration: 8 h

Duration: 24
h

Duration: 8 h

Duration: 24 h

Heart rate
reductions
(beats/min)

Max.: -43
after 6 h;

Max.: -67
after 4 h;

Max.: -56
after 2 h;

Max.: -102
after 6 h;

Duration: 8 h

Duration: 8 h Duration: 6 h

Duration: 24 h

*Aqueous extracts of the bread were dried and administered at a dose of 100 mg/kg rat body
weight; Cardiovascular parameters were measured over a 24-h period by telemetry.
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3.3 : Polyphenol composition of fortified bread : The contributions of leaf fortification to the
polyphenols in bread was examined. As shown in Table 4, significant increases in the levels of
known powerful antioxidants (catechin, myricetin, rutin and quercetin) occurred after leaf
fortification of bread. The enrichment in level of antioxidants could be associated with the
substantially higher antioxidant and antihypertensive properties of the fortified bread. Since we
now know the polyphenolic compounds that contribute mostly to the antioxidant and
antihypertensive properties of these leaves, future agronomic and breeding practices to increase
the levels of these compounds could be adopted to produce vegetables with super food properties
(mainly health promotion).
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Table 4 : Concentration of polyphenols in fortified bread extracts (µg/mg) on dry weight basis
Samples (µg/mg)
Polyphenols

AV

SM

TO

Control
1%

2%

3%

1%

2%

3%

1%

2%

3%

Gallic acid

27.0 ± 0.5b

4 ± 0.01a

8.4 ± 0.2a

13.0 ± 0.2 b

1.0 ± 0.002a

4.75 ± 0.0a

17.5 ± 0.2b

1.7 ± 0.01 a

6.0 ± 0.1a

34 ± 0. b

Catechin

0.2 ± 0.004a

2.65 0.02a

3.85 ± 0.02a

9.85 ± 0.1 a

0.7 ±0.001a

4.6 ± 0.2a

6.3 ± 0.02a

8.0 ± 0.02 a

17.0 ±0.01b

40 ± 0.5b

Myricetin

0.5 ±0.002a

0.4 ±0.02a

1.9 ± 0.01a

2.1 ± 0.02 a

4.9 ± 0.02a

9 ± 0.03a

23.6 ±0.0b

5.2 ± 0.02 a

19.9 ± 0.2b

43.1 ± 0.3c

Rutin

0.1 ± 0.02a

0.2 ± 0.001a

0.4 ± 0.002a

2.1 ± 0.02a

4.9 ± 0.0 a

1.1 ± 0.02a

32.4 ± 0.01b

21.1 ± 0.2 b

1.9 ± 0.01a

31.8 ± 0.02b

Quercetin

0.5 ± 0.0 a

0.2 ±0.001a

6.0 ± 0.0 a

46.8 ±0.02b

6.7 ± 0.02a

13.5 ± 0.0b

27.9 ± 0.2b

8.1 ± 0.02 a

28.9 ± 0.3 b

104.5 ± 0.5c

Results are expressed as means ± standard deviations of duplicates
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