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Abstract
The present study evaluated the flavonoid content, antioxidant as well as type II diabetes-related enzyme inhibition activities of
ethanolic extract of certain raw and traditionally processed indigenous food ingredients including cereals, legumes, oil seeds,
tubers, vegetables and leafy vegetables, which are commonly consumed by vulnerable groups in Kenya. The vegetables exhibited
higher flavonoid content (50–703 mg/100 g) when compared with the grains (47–343 mg/100 g). The ethanolic extract of
presently studied food ingredients revealed 33–93% DPPH radical scavenging capacity, 486–6,389 mmol Fe(II)/g reducing
power, 19–43% a-amylase inhibition activity and 14–68% a-glucosidase inhibition activity. Among the different food-stuffs,
the drumstick and amaranth leaves exhibited significantly higher flavonoid content with excellent functional properties.
Roasting of grains and cooking of vegetables were found to be suitable processing methods in preserving the functional
properties. Hence, such viable processing techniques for respective food samples will be considered in the formulation of
functional supplementary foods for vulnerable groups in Kenya.
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Introduction

Recent advancements in nutritional research give

speculative health insights that allow for development

of foods and beverages with claimed health benefits, the

so-called functional foods (Weststrate et al. 2002).

Dietary diversification and diet-based strategies

through consumption of broad variety of foods is the

most promising approach for a sustainable control of

malnutrition and diseases among the vulnerable and

socio-economically weaker sections of populations in

Kenya. Studies on the food intake and dietary patterns

in Kenya show that the diets are mainly cereal-based,

with tubers and a variety of vegetables and fruits

(Marchione 2002, Bwibo and Neumann 2003).

The consumption of such foods is crucial to the

nutritional security of these groups as it provides

affordable nutrients such as vitamins and minerals,

especially provitamin A, vitamin C, and iron (FAO/

WHO 2004).

Apart from the macro-nutrients and micro-nutri-

ents, plant foods contain many bioactive compounds

that have been associated with functional properties

consistent with reduced risk of several chronic diseases

and other maladies (Müller and Krawinkel 2005).

To exploit the health-promoting functionalities of the

locally available, culturally acceptable, and economi-

cally viable indigenous foods, it is important to focus

on their functional properties. Among the various

bioactive substances, the phenolic compounds such as

flavonoids, phenolic acids, and polyphenols are the

most abundant antioxidants in commonly consumed

foods of plant origin.
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Flavonoids are the most common and widely

distributed group of plant phenolics and are an

integral part of human diet (Aherne and ÓBrien

2002). They are a large family of plant secondary

metabolites consisting of .9,000 individual molecules

found in all plant tissues and are principally recognized

for their health-promoting properties in human

nutrition. Most flavonoids have strong antioxidant

capacity as compared with ascorbate and a-tocopherol

because of their strong ability to donate hydrogen

atoms (Cieślik et al. 2006). Several epidemiological

studies indicate that food-derived flavonoids have been

associated with decreased risk for cardiovascular

diseases and cancer-prevention (Art and Hollman

2005, Vita 2005) and also demonstrated to possess

potential antioxidant and anticarcinogenic (Ren et al.

2003), anti-inflammation (Tapiero et al. 2002), anti-

platelet and anti-thrombotic (Vita 2005), anti-allergic

(Fresco et al. 2006) and anti-hyperglycemic effects

(Knekt et al. 2002, Art and Hollman 2005).

Flavonoids in foods are relatively resistant to heat,

dryness and moderate degrees of acidity, but can be

modified by light and also certain traditional food

processing methods may affect the flavonoids (Aherne

and ÓBrien 2002). The flavonoid content of foods and

its functional properties may be altered among

different food ingredients and even within the same

food depending upon the thermal processing con-

ditions, and can result in either decrease (Randhir et al.

2008) or increase of antioxidant activity of plant foods

(Granito et al. 2007, Randhir et al. 2008). Hence,

appropriate processing method should be addressed

for each food ingredient in order to increase or

preserve the functional properties of flavonoid

compounds present in Kenyan indigenous food

ingredients.

Vulnerable groups are population groups whose

immune system is compromised or depressed nutri-

tionally, medically, or socially and require provision of

extra, nutritionally high-quality foods in addition to

the general ration to rehabilitate or prevent deterio-

ration in their conditions. They include: the mal-

nourished; children under 5 years of age; pregnant and

lactating women; medical referrals (malnourished

adults in cases of vitamin or mineral deficiencies,

tuberculosis, diabetes, cancer, AIDS); people living

with HIV/AIDS refugees; internally displaced persons

and socially vulnerable groups (orphans or unaccom-

panied children; the elderly, the disabled and any

individuals separated from family and unable to fend

for themselves). Beside various problems being faced

by the vulnerable groups, cancer and diabetes have

been increasing dramatically in the past two decades

and the prevention/treatment of diabetes has received

a paramount importance among the health pro-

fessionals and nutritionists.

To our knowledge, very little information exists

concerning the flavonoid content and functional

properties of certain indigenous food ingredients

consumed by vulnerable groups in Kenya, in addition

to lack of knowledge on the impact of various

traditional processing methods. Hence, the purpose

of the present study was to determine the flavonoid

content, antioxidant and type II diabetes-related

enzyme inhibition activities of ethanolic extract of

certain selected raw and traditionally processed food-

stuffs consumed by vulnerable groups in Kenya, with

the aim to identify the elite food ingredient(s) with

appreciable flavonoid content and favorable functional

properties as well as optimal processing method(s).

Materials and methods

Sample collection

Samples included cereals such as finger millet (Eleusine

coracana L. Gaertn. P-224) and amaranth grain

(Amaranthus cruentus L.); legumes such as pigeonpea

(Cajanus cajan (L.) Millsp. Kat/Mbaazi 3) and field bean

(Dolichos pupureum L. Kat/DL-3); oil seeds such as

groundnut (Arachis hypogea L.), pumpkin seed (Cucur-

bita maxima Duchesne ex Lam.) and sunflower seed

(Helianthus annuus L. PAN 7369). The vegetables

selected were pumpkin (C. maxima L.), butternut

(Juglans cinereaL.), sweet potatoes (Ipomoea batatas [L.]

Lamk. SPK 004), and leafy vegetables such as drum-

stick leaves (Moringa oleifera L.), amaranth leaves

(Amaranthus hybridus L.) and pumpkin leaves

(C. maxima Lam.). The cereals, legumes, oil seeds and

vegetable samples (1 kg each) were randomly obtained

from the Kenya Agricultural Research Institute as well

as different parts of Kenya from the agricultural fields.

Then they were mixed to obtain a representative sample

that was then subdivided into three portions for different

treatments with three replicates.

Chemicals

The chemicals used include quercetin dehydrate (Ref.

No. 83370), 2,20-diphenyl-1-picryl hydrazyl (DPPH;

Ref. No. 217-591-8), 2,4,6-tris(2-pyridyl)-s-triazine

(TPTZ; Ref. No. 3682-35-7), butylated hydroxyto-

luene (BHT; Ref. No. 204-881-4), 4-nitrophenyl-a-

D-glucopyranoside (Ref. No. 3767-28-0), starch (Ref.

No. 232-679-6), a-amylase (Ref. No. 9001-19-8), and

a-glucosidase (Ref. No. 9001-42-7), obtained from

Sigma Co., St Louis, MO, USA. All other chemicals

were purchased from Merck (Darmstadt, Germany).

Processing of cereals, legumes and oil seeds

The grains (cereals, legumes, and oil seeds) were

collected and randomly divided into three batches.

Each batch was treated under different conditions

depending on the processing method. The first batch

was stored as such without any treatment at ambient

temperature (25 ^ 18C) for 2 days and regarded as

raw samples. The second batch of samples (100 g
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each) was washed with tap water and then soaked in

distilled water (200 ml) for 8 h in the dark at 25 ^ 18C.

The soaking water was discarded and the grains

cooked at 90–958C for 120 min in fresh distilled water

in the ratio of 1:4. The third batch of samples was

roasted in an open-pan iron container to a golden

brown color for 30 min using a traditional charcoal

burner at 1508C with continuous stirring to avoid

burning of the seed coat. After roasting, the samples

were cooled to room temperature.

Processing of vegetables and leafy vegetables

The fresh vegetables were collected and randomly

divided into three batches for treatment using different

processing methods. The first batch was stored as such

without any treatment at ambient temperature

(25 ^ 18C) for 2 days and regarded as raw samples.

The second batch of samples (100 g edible portion)

were cut into small pieces or cubes and washed under

running tap water, then cooked in 200 ml distilled

water at 90–958C for 5 min for all samples, except

sweet potatoes, pumpkin and butternut that are

cooked for 15 min. The third batch of vegetables was

blanched by immersing in boiling water for 5 min after

cutting into small pieces or cubes.

Extract preparation

All of the raw, cooked and blanched samples were

dried in a hot-air oven at 508C for 6 h (as per the

traditional method practiced by the vulnerable

group in Kenya for the preparation of food) and then

milled using a laboratory mill (Hammer mill, type

DFH48, No. 282521/UPM 6000; Glen Creston Ltd,

London, England) and sieved (0.1 mm) to obtain fine

flour. The samples were defatted by adding petroleum

ether in 1:10 ratio (W/V) and kept in an ultrasonic

bath for 30 min. After centrifugation at 13,000 rpm for

5 min, the supernatant was discarded and the residue

was air-dried. The defatted sample flour (1 g) was

extracted using 10 ml of 50% aqueous ethanol for

30 min repeatedly in an ultrasonic bath (Bandelin

Sonorex, RK–514 H; PK Elektronik Vertriebs

GmbH, Ettlingen, Germany) and centrifuged at

13,000 rpm for 5 min after each extraction. The

supernatants were pooled together and made up to a

known volume with ethanol. The solvent was

evaporated using rotary vacuum evaporator (Büchi

Rotavapor, CH-9230; Büchi Labortechnik GmbH,

Essen, Germany) at 408C, frozen overnight at 2808C

and dried in a lyophilizer (Virtis Freezemobile 25 EL;

Biotech Equipment Sales, Inc, South San Francisco,

CA 94080, USA) for 10 h, and finally the residue was

weighed and the total dry yield of extract was

calculated, which ranged from 73 to 95 mg/g sample

for the presently analyzed samples. Then the extract

was re-dissolved in ethanol:formic acid (97.5:2.5, v/v)

solution in the ratio of 1 mg/ml and used for further

analysis.

Flavonoid content

The analysis was performed according to the spectro-

photometric method adapted from Jia et al. (1999).

Sodium nitrite (50%, 150ml) and 2 ml distilled water

were added to 500ml extract and allowed to stand for

5 min in the dark. Then 150ml aluminum chloride was

added to the aliquots and allowed to stand for another

5 min in the dark. Finally, 1 ml of 1 M sodium

hydroxide and 1.5 ml distilled water were added and

the absorbance was read at 510 nm with a UV–Vis

spectrophotometer (Lambda 35; Perkin-Elmer, Arti-

san Scientific Corporation, Champaign, IL 61822,

USA). Based on the standard curve prepared with (þ)-

quercetin (20–120mg), the amount of flavonoids in

the extract was calculated and expressed in milligrams

per 100 g sample extract on dry matter basis.

DPPH radical scavenging activity

The DPPH radical scavenging activity of ethanolic

extract was analyzed following the method of Sanchez-

Moreno et al. (1998). A methanol solution (0.1 ml) of

the sample extracts at various concentrations was

added to 3.9 ml (0.025 g/l) DPPH solution. BHT

(10 mg/10 ml) was used as a positive control and pure

DPPH solution alone was used as a negative control.

The solutions were incubated at room temperature

(258C) for 30 min and the decrease in absorbance was

determined at 515 nm at the end of incubation period

with a spectrophotometer. The radical scavenging

activity of the tested samples was measured as a

decrease in the absorbance of DPPH radical and was

calculated using the equation:

DTTP radical scavenging activity ð%Þ

¼ ð1 2 Asamples=Anegative controlÞ £ 100:

Ferric reducing antioxidant power

The reducing property of the ethanolic extract was

estimated according to the procedure described by

Pulido et al. (2000). Ferric reducing antioxidant

power (FRAP) reagent (900ml), prepared freshly and

incubated at 378C, was mixed with 90ml distilled

water and 30ml test sample or methanol (for the

reagent blank) or BHT (10 mg/10 ml) as positive

control. The test samples and reagent blank were

incubated at 378C for 30 min in a water bath. The

FRAP reagent contained 2.5 ml of 20 mM TPTZ

solution in 40 mM HCl plus 2.5 ml of 20 mM

FeCl3·6H2O and 25 ml of 0.3 M acetate buffer, pH

3.6 (16.8 g glacial acetic acid, MW 60.05 and 2.69 g

sodium acetate trihydrate, MW 136.1 dissolved in 1 l

distilled water). At the end of incubation the

absorbance readings were taken immediately at

593 nm using a spectrophotometer. Methanolic

solutions of known Fe(II) concentration ranging

from 100 to 2,000mM (FeSO4·7H2O) were used for

the preparation of the calibration curve.

Flavonoid content of indigenous Kenyan foods 467
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a-Amylase inhibition activity

The a-amylase inhibition activity was measured by

following the method of Worthington (1993). One

hundred microliters of 1% starch solution in 0.02 M

sodium phosphate buffer (pH 6.9) was added to 100ml

each extract in 100ml of 0.02 M sodium phosphate

buffer (pH 6.9) containing a-amylase solution (1 unit

liberates 1.9ml maltose from starch in 1 min at pH 6.9

and temperature 258C), and was incubated at 258C for

30 min. After the incubation, the reaction was stopped

with 1.0 ml dinitrosalicylic acid reagent. The test tubes

were then incubated in a boiling water bath for 5 min

and cooled to room temperature. The reaction mixture

was then diluted to 10-fold with distilled water and the

absorbance was measured at 540 nm. The readings

were compared with the control, which contained

buffer instead of sample extract. Based on the

absorbance value, the percentage inhibition activity

was calculated for all the samples.

a-Glucosidase inhibition activity

The a-glucosidase inhibition activity was determined

according to the method described by Worthington

(1993). One hundred microliters of ethanolic extract

and 100ml of 0.1 M phosphate buffer (pH 6.9)

containing a-glucosidase solution (1 unit/ml) were

taken in tubes and incubated at 258C for 5 min. After

the pre-incubation, 100ml of 5 mM p-nitrophenyl-a-

D-glucopyranoside solution in 0.1 M phosphate buffer

(pH 6.9) was added to each tube and the reaction

mixture was incubated at 258C for 5 min. After

the incubation period the aliquots were diluted with

10-fold distilled water, and the absorbance readings

recorded at 405 nm and compared with a control that

had 100ml buffer solution in place of the extract.

The results were calculated and expressed as the

percentage of a-glucosidase inhibition.

Statistical analysis

All analyses were performed in triplicate (n ¼ 3), and

the data were presented as the mean standard

deviation. The results obtained were analyzed using

two-way analysis of variance to determine the

significant differences between the experimental

batches by taking the raw samples as control.

GraphPad PRISMw version IV software (Statcon,

Witzenhausen, Germany) was used for statistical

analysis.

Results and discussion

Flavonoid content

The flavonoid contents of some western foods have

been reported in the USDA flavonoid database

(USDA 2009). However, little is known about the

flavonoid content and other bioactive compounds of

foods from developing countries like Kenya. The

flavonoid content of grains (cereal, legumes and oil

seeds) varied from 47 to 343 mg/100 g dry weight

(Figure 1). The flavonoid content of the cereals of the

present study (47–167 mg/100 g) was comparable

with the values reported for cereals and pseudocereals

such as buckwheat (146 mg/100 g), amaranth grains

(72–75 mg /100 g), Jasmine rice (38 mg/100 g) and

quinoa (102 mg/100 g) (Gorinstein et al. 2007).

Groundnuts and sunflower seeds had the highest

flavonoid content. Groundnuts have already been

reported to have several flavonoids and are rich in

resveratrol with cardioprotective and anticancer effects

(Yang et al. 2009). The flavonoid content of ground-

nuts (343 mg/100 g) of the present study is higher than

those reported for shelled peanuts (190 mg/100 g) in

the USA by Yang et al. (2009).

The flavonoid content of the legumes (57–

343 mg/100 g) of the current study was comparable

with the levels reported in legumes such as

yellow pea (18–32 mg /100 g), green pea (8–

39 mg/100 g), black bean (98–321 mg/100 g), chickpea

(18–316 mg/100 g), lentil (72–221 mg/100 g), soy

bean (25–257 mg/100 g), and red kidney beans

(85–293 mg/100 g) (Xu and Chang 2007) as well as

broad bean (154.6 mg/100 g) (Santos-Buelga et al.

2000), but slightly lower than that of pinto and black

bean (177.90 and 677.36 mg/100 g, respectively) as

reported by Xu and Chang (2009). The difference

could be attributed to various reasons but not only

limited to genotype, agronomic practices, maturity at

harvest, post-harvest storage, climatic conditions,

growing and storage conditions.

The flavonoid content of the vegetables was

significantly higher in drumstick leaves (703 mg/

100 g) and amaranth leaves (687 mg/100 g) as com-

pared with the other vegetables (50–177 mg/100 g)

(Figure 2). These values are comparable with the

flavonoid content of edible tropical vegetables
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Figure 1. Effect of traditional processing methods on the flavonoid

content of underutilized grains collected in Kenya.
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reported in Malaysia such as semambu leaves

(204 mg/100 g), onion leaves (272 mg/100 g) and

cekur manis (78 mg/100 g) (Miean and Mohamed

2001) as well as indigenous vegetables growing

in Indonesia such as Sauropus androgynus (L)

Merr (143 mg/100 g), Cosmos caudatus H.B.K.

(52.2 mg/100 g) and Polyscias pinnata (52.2 mg/100 g)

(Andarwulan et al. 2010).

The flavonoid content of drumstick leaves of the

present study was higher than that reported for similar

species growing in Malaysia (23 mg/100 g), but lower

than those reported for the same species growing in

Pakistan (6,930–11,900 mg/100 g) (Miean and

Mohamed 2001, Iqbal and Bhanger 2006). Among

the common vegetables of the current study (50–

80 mg/100 g), sweet potato showed comparable flavo-

noid content to similar species growing in Taiwan

(22.0–35.5 mg/100 g) (Huang et al. 2006), and

pumpkin had higher values than those growing in

Malaysia (37 mg/100 g) (Miean and Mohamed 2001).

These differences may be attributed to the differences

in methods used (high-performance liquid chroma-

tography versus spectrophotometric methods),

pre-harvest factors such as climate, geography,

agronomic practices and varietal differences.

DPPH radical scavenging activity

Flavonoids in foods have been reported to possess

strong antioxidant and free-radical scavenging activi-

ties (Miean and Mohamed 2001). The DPPH free-

radical scavenging activity of ethanolic extract of the

presently studied grains was found to range from 42 to

74%, with the field bean (72%) and sunflower seeds

(74%) exhibiting the highest activity (Table I). These

values are comparable with those reported for other

grains such as buckwheat (80%), soy beans (33%),

amaranth grains (24–26%) and quinoa (30%)

(Gorinstein et al. 2007).

The DPPH free-radical scavenging activity of

ethanolic extract of the vegetables of the present

study ranged from 34 to 93% with the drumstick

leaves (93%) and amaranth leaves (92%) showing the

highest activity among all the foods samples (Table II).

Similarly, the DPPH free-radical scavenging activity of

different drumstick leaves varieties was reported to

range from 88 to 96% depending on production

location in Pakistan (Iqbal and Bhanger 2006). Kaur

and Kapoor (2002) have also reported excellent

antioxidant activity of vegetables such as white

cabbage, cauliflower, kale, spinach, brussel sprouts,

alfalfa sprouts, broccoli, beets, red-bell pepper, onion,

corn, egg plant and cucumber. The radical scavenging

activity of the drumstick and amaranth leaves of the

current study was comparable with that observed for

synthetic antioxidant BHT (97%), which confirms

that these two leafy vegetables could be used as a

dietary source with potential free radical scavenging

property in the formulation of supplementary foods

for vulnerable groups in Kenya.

FRAP assay

The reducing power of the grains ranged from 486

to 2,928 mmol Fe[II]/g, with amaranth grain and

pigeonpea exhibiting the highest activity (2,928

and 2,183 mmol Fe[II]/g, respectively) (Table I).

Table I. Antioxidant activity of ethanolic extract of indigenous grains.

DPPH assay (%) FRAP assay (mmol Fe[II]/g)

Food sample Raw grains Cooked grains Roasted grains Raw grains Cooked grains Roasted grains

Finger millet 69.33A ^ 0.57 77.67B ^ 0.57 65.00C ^ 2.00 1,447A ^ 207 1,470A ^ 54.3 1,692A ^ 300

Amaranth 42.00A ^ 0.00 43.00A ^ 0.00 25.33C ^ 0.57 2,928A ^ 114 1,128B ^ 105 1,986C ^ 24.2

Pigeonpea 57.67A ^ 0.57 52.00B ^ 1.00 47.67C ^ 1.52 2,183A ^ 185 2,031A ^ 248 2,862A ^ 15.0

Field bean 71.67A ^ 1.52 53.67B ^ 0.57 71.33A ^ 3.21 1,169A ^ 176 1,953A ^ 105 1,963A ^ 464

Groundnut 64.33A ^ 0.57 16.67B ^ 1.15 55.00C ^ 3.46 486A ^ 2.88 827A ^ 31.7 615A ^ 77.3

Pumpkin seed 52.33A ^ 0.57 11.00B ^ 1.73 32.00C ^ 0.00 903A ^ 32.3 3,111B ^ 157 734A ^ 22.0

Sunflower seed 73.67A ^ 4.16 71.67A ^ 4.93 72.33A ^ 3.05 1,689A ^ 381 1,693A ^ 83.3 1,482A ^ 80.9

BHT 97.05 ^ 0.28 2,370 ^ 74

Data presented as the mean and ^ standard deviation of three separate determinations (n ¼ 3). Values in the same row with different uppercase

superscript letters are significantly different (P , 0.05).
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Figure 2. Effect of traditional processing methods on the flavonoid

content of underutilized vegetables collected in Kenya.
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The reducing power of the legumes of the current

study (486–2,183 mmol Fe[II]/g) were comparable

with the levels reported in legumes such as yellow pea

(54–159 mmol Fe[II]/g), green pea (62–116 mmol

Fe[II]/g), black bean (113–1,103 mmol Fe[II]/g),

chickpea (73–113 mmol Fe[II]/g), soy bean (127–

993 mmol Fe[II]/g) and red kidney beans (285–

922 mmol Fe[II]/g) collected from USA (Xu and

Chang 2007).

The FRAP values of vegetables in the current study

ranged from 724 to 6,389 mmol Fe[II]/g with butter-

nut and pumpkin exhibiting the highest content of

7603 and 6,389 mmol Fe[II]/g, respectively (Table II).

These values are higher than the reducing properties

of cashew shoot (3.59 mmol Fe[II]/g), a vegetable

consumed in Malaysia (Razali et al. 2008). The FRAP

value of most of the investigated samples was

comparable with that of BHT control (1,730–

2,320 mmol Fe[II]/g), which is an indication of high

antioxidant activity of the food ingredients. Thus, the

results could be useful in implementing these food

ingredients in the formulation of supplementary foods

for vulnerable groups in Kenya.

a-Amylase inhibition activity

Type II diabetes is becoming more prevalent with

increased studies on its management through dietary

sources. In this context, currently there is an increasing

interest in natural dietary source of hypoglycemic

compounds, since the synthetic oral hypoglycemic

drugs have been found to exhibit many adverse effects

(Randhir and Shetty 2007). a-Amylase catalyzes the

hydrolysis of glycosidic linkages in starch, which is

essential in carbohydrate assimilation. a-Amylase

inhibitors are starch blockers, which affect the enzyme

activity and thus playing a vital role in reducing blood

sugar. Inhibitory activity of the polyphenols on the

amylase has been the recent focus of attention in the

management of type II diabetes mellitus. Synthetic

flavonoids were reported to have protective effects

against the development of diabetes as well as a

mitigation effect of diabetes consequences (Li et al.

2009). Chethan et al. (2008) also reported the non-

competitive inhibition of amylase by polyphenolics

extracted from millets.

The a-amylase inhibition activity of the grains was

observed to range from 23 to 41%, with the legumes

such as pigeonpea and field bean (41%) exhibiting the

highest activity (Table III). Randhir et al. (2008)

reported a high a-amylase inhibition activity in oats,

buckwheat, wheat and corn (20–90%). The a-

amylase inhibition activity of the vegetables ranged

from 19 to 43%, with sweet potato and pumpkin

exhibiting the highest activity of 43 and 42%,

respectively (Table IV). A review published by

Kaushik et al. (2010) shows varying degree of

hypoglycemic and anti-hyperglycemic activity of

commonly consumed plant foods in India, which

also indicated high anti-hyperglycemic activity of

Table II. Antioxidant activity of ethanolic extracts of indigenous vegetables.

DPPH assay (%) FRAP assay (mmol Fe[II]/g)

Food sample

Raw

vegetables

Cooked

vegetables

Blanched

vegetables

Raw

vegetables

Cooked

vegetables

Blanched

vegetables

Pumpkin 76.00A ^ 1.73 80.67B ^ 0.57 65.67C ^ 0.57 6,389A ^ 347 8,723B ^ 891 6,190A ^ 623

Butternut 62.67A ^ 0.57 54.33B ^ 2.88 77.67C ^ 1.15 7,603A ^ 139 5,350B ^ 676 3,562C ^ 330

Sweet potato 33.67A ^ 1.15 37.33A ^ 1.15 36.00A ^ 0.00 2,288A ^ 249 2,007A ^ 130 3,111C ^ 157

Drumstick leaves 93.00A ^ 0.00 90.33A ^ 0.57 89.67A ^ 2.30 724A ^ 5.50 437A ^ 78.62 365A ^ 34.53

Pumpkin leaves 51.67A ^ 1.52 75.00B ^ 1.00 33.67C ^ 0.57 2,357A ^ 297 1,604A ^ 254 965C ^ 105

Amaranth leaves 92.00A ^ 0.00 91.00A ^ 2.64 27.00C ^ 0.00 734A ^ 105 1,400A ^ 73.70 1,101A ^ 168

BHT 97.05 ^ 0.28 2,370 ^ 74

Data presented as the mean and ^ standard deviation of three separate determinations (n ¼ 3). Values in the same row with different uppercase

superscript letters are significantly different (P , 0.05).

Table III. Type II diabetic-related functional property of ethanolic extract of cereal, legume and oil seeds.

a-Amylase inhibition (%) a-Glucosidase inhibition (%)

Food sample Raw grains Cooked grains Roasted grains Raw grains Cooked grains Roasted grains

Finger millet 22.67A ^ 12.89 35.33A ^ 8.08 43.67C ^ 11.67 23.00A ^ 1.73 34.67A ^ 19.85 31.67A ^ 2.88

Amaranth 38.67A ^ 22.85 44.67A ^ 4.61 42.00A ^ 9.84 20.33A ^ 13.31 19.50A ^ 15.39 13.33A ^ 7.50

Pigeonpea 41.00A ^ 9.53 40.67A ^ 1.15 46.00A ^ 4.00 18.67A ^ 10.59 20.00A ^ 13.00 41.67C ^ 2.30

Field beans 40.67A ^ 8.38 46.00A ^ 6.92 49.00A ^ 5.56 27.33A ^ 4.61 17.50A ^ 11.06 43.00A ^ 0.00

Groundnut 28.33A ^ 4.61 22.00A ^ 1.00 36.33A ^ 8.14 14.33A ^ 11.06 10.00A ^ 5.19 30.00A ^ 0.00

Pumpkin seeds 35.33A ^ 8.08 30.00A ^ 17.32 47.33A ^ 2.30 17.33A ^ 8.50 20.33A ^ 2.88 27.33A ^ 2.30

Sunflower seeds 35.33A ^ 8.32 28.33A ^ 1.15 43.33A ^ 6.11 21.67A ^ 11.15 23.33A ^ 5.50 28.67A ^ 2.30

Data presented as the mean and ^ standard deviation of three separate determinations (n ¼ 3). Values in the same row with different uppercase

superscript letters are significantly different (P , 0.05).

C. N. Kunyanga et al.470

In
t J

 F
oo

d 
Sc

i N
ut

r 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
Pr

of
. J

ey
a 

H
en

ry
 o

n 
08

/1
5/

11
Fo

r 
pe

rs
on

al
 u

se
 o

nl
y.



pumpkin and sweet potato. It should be noted that

these results are based on biochemical tests are in vitro

and indicative of anti-glycemic effects in the pre-

vention/management of type II diabetes and have

limited implications to what happens in vivo.

a-Glucosidase inhibition activity

Certain plant flavonoids exhibit the ability to partially

inhibit the activity of a-glucosidase enzyme and hence

show therapeutic benefits such as hypoglycemic effects

and are useful in the dietary management of type II

diabetes (Chethan et al. 2008). The a-glucosidase

inhibition activity of grains was observed to range from

14 to 27% with field bean and finger millet exhibiting

the highest activity of 27 and 23%, respectively

(Table III). Epidemiological studies have also reported

lower incidences of diabetes in population consuming

millets in their regular diet (Shobana et al. 2009),

which might be due to the potential a-glucosidase

inhibition activity as revealed by the present study.

The a-glucosidase inhibition activity of the veg-

etables ranged from 22 to 68%, with the drumstick

and pumpkin leaves exhibiting the highest activity of

68 and 43%, respectively (Table IV). Recent studies

also reported that certain indigenous foods such as

pumpkin, corn, beans, sweet potato, cabbage, radish

and pea exhibit a-glucosidase inhibition activity and

have the potential to reduce hyperglycemia-induced

pathogenesis (Matsui et al. 2001, Kwon et al. 2007).

Effect of processing of grains

Food processing not only improves the flavor and

palatability of food ingredients but also increases the

bioavailability of nutrients. Traditional processing of

food ingredients can cause significant changes on the

flavonoid content as well as its functional properties.

Soaking and cooking caused no significant decrease of

flavonoid content in all of the presently analyzed food

samples, except groundnut, field bean and pumpkin

seed (Figure 1). But in contrast, soaking þ cooking

were reported to cause significant decrease in the total

flavonoid content of pinto and black beans (Phaseolus

vulgaris L.) (Xu and Chang 2009) and total phenolic

content of Brazilian bean cultivars (P. vulgaris L.)

(Ranilla et al. 2009). Loss of significant level of

flavonoids noticed in the groundnut, field bean and

pumpkin seeds could be attributed to water-soluble

flavonoids that were leached into soaking and cooking

water as well as degradation of flavonoid compounds

at elevated temperature during cooking. Interestingly,

on the other hand, roasting did not cause any

significant loss on the flavonoid content of all the

cereals, legumes and oil seeds (Figure 1).

Generally, both soaking þ cooking and roasting

resulted in significant losses of the DPPH free-radical

scavenging activity of all the grains, except finger millet

and amaranth grain. Similarly, soaking was observed

to cause significant reduction in the antioxidant

capacity of Brazilian bean cultivars (P. vulgaris L.) as

opposed to treatments without soaking and where

cooking water was not discarded (Ranilla et al. 2009).

Such a drop in radical scavenging property of the

ethanolic extract of processed samples can be

attributed to synergistic combinations of different

classes of bioactive compounds or counteractions of

several types of chemical reactions, leaching out of the

water-soluble compounds during cooking, and the

formation or breakdown of phytochemical substances

during roasting. Nonetheless, cooking and roasting

did not result in reduction of the FRAP values of

grains (Table I).

Both soaking þ cooking and roasting did not cause

any significant losses of the a-amylase and a-

glucosidase inhibition activities of the grains. Surpris-

ingly, significant increases were observed in the finger

millet and pigeonpea samples (Table III). Cooking of

foods does not necessarily cause the loss of functional

properties but could promote the release of bioactive

compounds from the food matrix and result in the

formation of new compounds. Furthermore, it is also

likely that matrix softening and increased extractability

upon cooking were accompanied by the conversion of

bioactive compounds into very active chemical species,

which concurred synergistically to determine the high

functional property. Such increases could imply that

a-amylase and a-glucosidase inhibition activities may

depend on spectrum of the bioactive compounds of

Table IV. Type II diabetic-related functional property of ethanolic extract of indigenous vegetables.

a-Amylase inhibition (%) a-Glucosidase inhibition (%)

Food sample

Raw

vegetables

Cooked

vegetables

Blanched

vegetables

Raw

vegetables

Cooked

vegetables

Blanched

vegetables

Pumpkin 42.33A ^ 0.57 34.67A ^ 3.51 14.67C ^ 8.32 24.67A ^ 2.30 23.00A ^ 6.55 14.33A ^ 4.61

Butternut 29.33A ^ 2.88 28.00A ^ 2.64 0.00C 22.00A ^ 0.00 20.00A ^ 5.19 5.67A ^ 2.88

Sweet potato 43.00A ^ 3.00 25.67A ^ 6.11 8.00C ^ 6.11 23.00A ^ 1.73 14.33A ^ 2.30 5.67A ^ 2.88

Drumstick leaves 19.00A ^ 4.00 22.00A ^ 12.7 26.00A ^ 15.01 68.33A ^ 6.65 80.00A ^ 5.19 61.00A ^ 11.5

Pumpkin leaves 26.00A ^ 3.46 25.67A ^ 4.61 29.67A ^ 7.63 43.00A ^ 0.00 35.00A ^ 0.00 42.00A ^ 5.19

Amaranth leaves 22.67A ^ 6.35 26.33A ^ 9.45 30.67A ^ 0.57 33.33A ^ 2.88 28.67A ^ 2.30 26.00A ^ 0.00

Data presented as the mean and ^ standard deviation of three separate determinations (n ¼ 3). Values in the same row with different uppercase

superscript letters are significantly different (P , 0.05).
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ethanolic extract that are mobilized by thermal

processing.

Effect of processing of vegetables

Food processing and preparation, particularly mild

heat treatment, can improve the organoleptic proper-

ties of food ingredients, increase the content of

absorption enhancers, and thus improve the bioavail-

ability of bioactive compounds located in plant foods

in addition to enhancing their functional properties.

Most of the vegetables did not show any significant

loss of flavonoid content after blanching and cooking,

except in drumstick and amaranth leaves (Figure 2).

Such losses observed in drumstick and amaranth

leaves are probably due to the leaching out of

flavonoids into the cooking water and/or chemical or

thermal degradation (Aherne and ÓBrien 2002).

Steaming has been reported to decrease the contents

of flavonoid from 34.23 to 21.01 mg in sweet potatoes

from Taiwan (Huang et al. 2006). However, pumpkin

leaves showed a significant increase in total flavonoid

content (42%) after cooking. Processing increases the

flavonoid levels in foods as a consequence of enzymatic

hydrolysis of flavonoid conjugates during thermal

treatments (Aherne and ÓBrien 2002).

Cooking did not cause any loss in the DPPH free-

radical scavenging activity and reducing power of

all the vegetables, except in butternut (Table II). Also,

a significant increase in the radical scavenging

activity of pumpkin and pumpkin leaves as well as in

the reducing power of pumpkin was observed in the

present study. This increase was attributed to the

breakdown and release of bound bioactive compounds

into simple classes of compounds as a result of heat

treatments.

Blanching caused a significant decrease in the

DPPH free-radical scavenging activity of most of the

vegetables, except an increase that was observed in

butternut. Blanching is mainly carried out to inactivate

the peroxidase, which is necessary to prevent undesir-

able taste and smell of vegetables. The thermal heat

treatment partially denatures the enzymes and

prevents enzymatic degradation of bioactive com-

pounds, but exposes them to thermal modifications.

Such substantial loss of free-radical scavenging activity

of ethanolic extract of vegetables during blanching is

likely to be as a result of enzymatic browning and

maillard reactions attributed to the enzyme polyphe-

nol oxidase, which can be activated during blanching,

resulting in degradation and consequent loss of

antioxidant activity of the flavonoids. However,

blanching did not cause any significant loss in the

reducing power of vegetables analyzed in the present

study except in butternut and pumpkin leaves. Sweet

potatoes exhibited an increase in the FRAP values

during blanching. Such improved reducing power

could be attributed to the additive and synergistic

effects of different classes of bioactive compounds.

The a-amylase and a-glucosidase inhibition activi-

ties of all the vegetables were not affected by cooking

(Table IV). Blanching did not cause any significant

loss in a-glucosidase inhibition activity of the

vegetables of the current study but caused significant

loss in the a-amylase inhibition activity of sweet potato

and pumpkin as well as complete loss in butternut.

Such decreases observed in sweet potato and

pumpkin, and absence of inhibition activity noticed

in butternut might be due to degradation of heat

sensitive compounds during blanching.

Conclusion

Among the various indigenous food ingredients tested,

amaranth leaves (Amaranthus hypondricus) and drum-

stick leaves (M. oleifera) exhibited the highest flavonoid

content, antioxidant as well as type II diabetes-related

enzyme inhibition properties. When considering the

effect of processing methods, soaking þ cooking of

grains and blanching of vegetables degrades the

chemical property of flavonoids and thus adversely

affects the antioxidant and functional properties of the

food ingredients. On the other hand, roasting of grains

and cooking of vegetables were observed as the most

suitable mild treatments to preserve the flavonoids

level and its functional properties. Hence, such viable

and mild treatments for the respective food samples

can be recommended for the formulation of antiox-

idant-rich supplementary foods for the vulnerable

groups in Kenya. Further, the synergistic or antagon-

istic association of flavonoids from different indigen-

ous food ingredients of the present study warrants

further investigation, before using them together in

supplementary food formulations.
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