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Indigenous vegetables are very important in nutritional wellbeing of low resource rural communities
especially in developing countries. Most indigenous vegetables are also believed to contain health
promoting compounds such as antioxidants. In this study, nutrient composition of three commonly
consumed indigenous leafy vegetables in Malawi namely Amaranth (Amaranthus species), Black jack
(Bidens pilosa) and Mwamuna aligone/gallant soldier (Galinsoga parviflora) was determined. Results
showed that crude protein expressed on dry weight basis ranged from 15.83+£0.19 to 19.04+0.33 with B.
pilosa registering the highest value and G. parviflora the lowest. Results on mineral content showed
that G. parviflora had the highest (18.84+0.40% DW) p<0.05 mineral/ash content compared to B. pilosa
(13.35+£0.07% DW) and Amaranthus spp. (15.48+0.14%). Amaranthus spp. had the highest crude fat
(13.17£0.20%) content compared to B. pilosa and G. parviflora which had 9.00+£0.29 and 8.97+0.25%,
respectively. Antioxidant capacity in mg vitamin C Equiv./g DW, ranged from 49.403+0.105 to
59.186+0.0608 with G. parviflora registering the highest value compared to the other two indigenous
vegetables. Total phenolic content ranged from 22639+26.0 to 28672+45.1 mg GAE/kg with Amaranthus
spp. registering the highest value and G. parviflora the lowest. Results on anti-nutrient content with
respect to phytic and oxalic acids showed that all the three indigenous vegetables contained low and
safe levels of antinutrients. The study results have demonstrated the significance of these indigenous
vegetables in human nutrition and health for rural people in Malawi.

Key words: Indigenous vegetables, proximate composition, total phenolic compounds, antioxidant capacity,
phytochemicals.
INTRODUCTION
Indigenous vegetables have a very significant role in the worlds, many people in rural areas have less food for
livelihood of rural people in emerging worlds (Zemede their families resulting in deficiency of important nutrients
and Mesfin, 2001; Uusiku et al., 2010). In developing (Tanumihardjo and Yang, 2005; FAO et al., 2012). These

*Corresponding author. E-mail: lecchatepa@yahoo.com.

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution
License 4.0 International License



http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US

266 Afr. J. Food Sci.

rural poverty stricken people depend on locally available
indigenous vegetables for income and food, as staple
food, during lean seasons (Zemede and Mesfin, 2001;
Ebert, 2014; Tomori and Obijole, 2000; Flyman and
Afolayan, 2006). Therefore, indigenous leafy vegetables
are valuable sources of both nutrients, as micronutrients
(Nesamvuni et al., 2001) and herbal medicines (Hilou et
al., 2006). In Africa, Malawi inclusive, indigenous leafy
vegetables are used as relish and are eaten together with
starchy staple foods (Schippers, 2000).

Indigenous leafy vegetables play important role in
being protective foods; wused in human health
maintenance and disease prevention (Sheela et al,
2004; Nnamani et al., 2007). Plants produce organic
compounds that are not directly used in primary growth
and development metabolic processes of plants
(Buchanan et al.,, 2000). These compounds are non
nutritive plant secondary metabolites that are also called
phytochemicals (Krishnaiah et al., 2007). These
phytochemicals are antioxidant bioactive chemicals that
prevent oxidative processes occurrences in animals and
plants (Baang et al, 2015). These essential
phytochemicals include saponins, alkaloids, flavonoids,
tannins and phenolic compounds (Baang et al., 2015),
fibres, vitamins and water (Adenipenkun and Oyetuniji,
2010; Saidu and Jideobi, 2009; Uwah and Ogugbuaja,
2012). They are absorbed by the human body to be
utilized as energy sources, body building and protective
materials (Saidu and Jideobi, 2009; Uwah and
Ogugbuaja, 2012). They have high fiber content
compared to root vegetables and cereals (Saidu and
Jideobi, 2009). The high fiber content has been reported
to reduce cholesterol levels in the body resulting in low
occurrences of cardiovascular diseases (Chionyedua et
al., 2009). Potassium from leafy vegetables is
responsible for preventing body diuretic and hypertensive
complications (George, 2003) while oils/fats from
vegetables lower blood lipids thereby controlling
incidences of coronary diseases (Adenipenkun and
Oyetuniji, 2010).

However, the presence of some phytochemicals that
are called anti-nutritional factors like phytate, oxalate,
trypsin inhibitors and lectins threatens the bioavailability
of plant micronutrients to human beings (Shi et al., 2003).
Other authors have previously reported that oxalate
complexes with calcium forming calcium oxalate crystals
resulting in both non-absorption and utilization of calcium
by the body and renal stones (Ladeji et al.,, 2004,
Akwawo et al., 2000). The non-absorption and utilization
of calcium has been reported to cause rickets and
osteomalacia (Ladeji et al., 2004). Phytic acid (PA; myo-
inositol hexaphosphate), a ubiquitous biomolecule is
found in plants and PA phosphorus is a major fraction of
total phosphorus in seeds and grains (Harland and
Overleas, 1987). Phytic acids form insoluble complexes
with polycations/micronutrients like Fe, Ca, Zn and P
because of reactive phosphorus groups which are

attached to its inositol (Pedersen et al., 2007) resulting in
unavailability of the nutrient for human intestinal
absorption (Mahesh et al., 2015). Despite being an anti-
nutritional factor, phytate consumption has been
associated with some health benefits like prevention
against dental and renal caculi, rectal cancer,
cardiovascular calcification and as an antioxidant
(Shamsuddin, 2002; Grases et al., 2007, 2009).

In Malawi, Amaranths (Amaranthus L.), Black jack
(Bidens pilosa) and Mwamuna aligone/gallant soldier
(Galinsoga parviflora) are some of the commonly
consumed indigenous leafy vegetables. Amaranthus L.
belongs to the Amaranthaceae family and there are 60
recognizable species (Anjali et al., 2013). Findings from
studies conducted on indigenous vegetables revealed
that Amaranthus spp. vegetables have high antioxidant
properties, with phenolic values of 27520 mg GAE/100 g
(Baang et al., 2015). This is despite having low proximate
composition on fresh basis (Matenge et al., 2017). In
addition, other researchers have reported that
Amaranthus spp. contains crude protein and fat contents
of 3.2 and 0.3%, respectively at 7% DM content (Sheela
et al., 2004). The leaves are boiled and in some cases
groundnut flour is added and is usually consumed as
relish.

B. pilosa and G. parviflora belong to Asteraceae family
(Essack, 2018). B. pilosa is a small erect weedy plant
that grows in tropical countries and is used as a source of
food (Grubben and Denton, 2004). It is rich in
phytochemicals like phenols, flavonoids, terpenes,
phenylpropanoids and lipids (Chang et al., 2001). In
Africa, dry powdered leaves of B. pilosa are used to cure
syphilis and in East Africa the leaves are used in the
treatment of conjunctivitis and constipation in babies
(Hutchings et al., 1996). Other authors have previously
reported that B. pilosa contains 5% crude protein, 10
mg/100 g copper and 658 mg/100 g magnesium (Odhav
et al., 2007). G. parviflora has 13 species and originated
from the mountains of Central America (Warwick and
Sweet, 1983). It has been reported to contain 5.0 g
protein and 0.5 g fat on fresh basis per 100 g of the
consumed vegetable (Odhav et al.,, 2007). Similarly,
others have reported that G. parviflora leaves contain
high amounts of magnesium (681 mg/100 g) on fresh
matter basis (Odhav et al., 2007). They are cooked as
spinach and eaten as relish (Tredgold, 1990).

It is widely acknowledged that indigenous leafy
vegetables have been underutilized with limited
knowledge on their nutritional values (Keatinge, 2012). In
Malawi, it has been observed that very few studies have
been done on nutritional values of indigenous leafy
vegetables (Chitsulo, 2013; Kachiguma et al., 2015)
resulting in either limited or scanty information. Against
the background of this limited information on nutritional
composition of indigenous vegetables, this current study
was undertaken to determine the nutritive value of these
three selected indigenous leafy vegetables, namely,



Amaranthus spp., B. pilosa and G. parviflora, consumed
in Malawi.

MATERIALS AND METHODS
Plant sample collection

Three fresh indigenous leafy vegetables: Amaranthus spp., B. pilosa
and G. parviflora were collected from naturally growing plants in the
fields in Lilongwe south west, Mitundu area, which is located in
Lilongwe district, Malawi. The vegetables were sampled during the
rainy season in the month of January 2020. These vegetables
represent some of the indigenous leafy vegetables that are mainly
consumed by rural people in Malawi.

Sample preparation

Enough samples were thoroughly washed with water to remove dirt
and other contaminants and were later oven dried at 40°C for
proximate and phytochemicals composition determination. The
dried leafy vegetable samples were ground through a 1 mm sieve
using a Thomas-WILEY model 4 Laboratory Mill before analyzing
the chemical properties.

Determination of nutritional composition

The nutritional/proximate composition of the samples was
determined using Association of Official Analytical Chemists (AOAC)
1990 methods.

Dry matter content determination

The dry matter content was determined by using the oven-dry
method. 2.5 g of the samples was weighed into a porcelain dish
and dried at 105°C for 5 h in the drying oven. After drying, the
samples were cooled in a desiccator and weighed to constant
weight. The dry matter content was expressed as a fraction of dry
weight and presented as a percentage.

Ash content determination

2.5 g of the ground samples was weighed in porcelain dish with a
known weight. The samples in the porcelain dishes were ignited in
a muffle furnace at 500°C for 2 h to obtain a grey ash. The samples
were cooled in a desiccator and weighed to constant weight. The
ash content was expressed as a fraction of the sample on dry
matter basis and expressed as a percentage.

Protein content determination

Crude protein was determined by using Kjeldahl method. 2.5 g of
the sample was digested in 20 ml concentrated sulphuric acid using
selenium tablet as a catalyst until the mixture turned colorless/clear.
The mixture was then diluted to 250 ml in a volumetric flask and 10
ml of the mixture was mixed with 20 ml of 40% NaOH. The mixture
was distilled to liberate ammonia into weak (4%) boric acid and the
distillate was titrated against standard HCI using bromocresol green
as an indicator. The calculated nitrogen content from the samples in
percent was converted to crude protein by multiplying by a factor of
6.25.
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Crude fat determination

Crude fat was extracted from the sample by using petroleum ether
in a soxhlet extractor/apparatus for 16 h. 2.5 g of finely ground
sample was put into a porous thimble in a soxhlet apparatus
connected to a weighed 250 ml flat bottomed quick fit flask
containing 200 ml petroleum ether. The solvent was continuously
boiled at 40 to 60°C extracting the fat from the sample. After 16 h of
extraction the petroleum ether was evaporated by using a rotary
evaporator. The flask containing the crude oil was then dried to
constant weight at 105°C in the laboratory oven for 2 h. The crude
oil was calculated as the fraction of original dry weight of the
sample expressed in percentage.

Crude fibre determination

2.0 g of the sample was boiled in 150 ml of 0.128 M H,SO, in a
beaker for 30 min and the residues were filtered through fluted
funnel and was washed three times with hot distilled water. The
residues were further boiled in 0.125 M NaOH for another 30 min,
filtered and washed with hot distilled water, followed by washing
three times with acetone. The residues were oven dried at 105°C to
constant weight and then ashed at 500°C for 2 h. The ash was
weighed and fibre content was expressed as a fraction of the
difference between the weight of the residues and ash of dry weight
sample and this was expressed as a percentage.

Determination of phytochemicals
Extraction of phenolic compounds

Phenolic compounds were extracted from 2.5 g of the samples by
using 25 ml of methanol (80:20 v/v) and pure distilled water. The
mixtures were homogenized using a vortex for 30 s at 30 min
intervals for 1 h. The mixture was then filtered and concentrated
using a rotary evaporator at 40 to 50°C (SatyaEswari et al., 2018).

Determination of total phenolic compounds

The total phenolic compounds were determined
spectrophotometrically by using Folin-Ciocalteau reagent method
(Singleton and Rossi, 1965). 1.0 ml of the plant extract was mixed
with 0.5 ml of Folin-Ciocalteau (1:10 v/v) in a test tube. The mixture
was left to stand for 5 min, 1.5 ml of 20% NaCO, was added and
the volume was made up to1l0 ml with distilled water. A standard
stock solution of 1 mg/ml gallic acid was prepared. A standard
curve was plotted as reference gallic acid equivalent (GAE) (0-0.4
mg/ml) after similarly treated as the samples. The absorbance of
standards and samples was measured at 765 nm using a
spectrophotometer. The phenolic compound was determined by the
Folin-Ciocalteau method expressed as gallic acid equivalent per
1000 gram (mg GAE/kg). The TPC was calculated using the
standard curve of gallic acid equation (y=1.28x; R?=0.9233) as
shown in Figure 1.

Determination of phytic acids

Phytic acid was determined by Davis and Reld method as modified
by Abulude (2007). 2.5 g of dried sample was soaked in 100 ml of
2% HCI in 250 ml conical flask for 3 h. The mixture was filtered
through Whatman filter paper and 25 ml of the filtrate was mixed
with 107 ml of distilled water, 10 ml of 3% ammonium thiocyanate
(NHSCH) was added and the solution was titrated against standard
FeCl; containing 0.00195 g Fe/ml to brownish-yellow color that
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Figure 1. Standard curve of absorption of gallic acid against concentration.
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Figure 2. Standard curve of absorption of ascorbic acid against concentration.

persisted for 5 min. The phytate content of the samples was
calculated as follows:

Phytate phosphorus = iron equivalent x 1.95 g of titre
Phytate = phytate phosphorus x 3.65 g

Oxalate determination

Oxalate composition in the leafy vegetables was determined by Day
and Underwood (1986) method with minor modifications. 2.5 g of
the samples was mixed with 75 ml of 3 M H,SO,4 and was stirred for
1 h with a magnetic stirrer. The mixture was filtered and 25 ml of the
filtrate was titrated while hot against 0.05 M KMnQO, solution to a
faint pink color that persisted for 30 s. The oxalate composition was
calculated by assuming that 1 ml of 0.05 M KMnOy is equivalent to
2.2 mg oxalate (Chinma and Igyor, 2007; lhekoronye and Ngoddy,
1985).

Determination of vitamin C

Vitamin C was determined by using methods as prescribed in Food
Analysis Laboratory manual (Zvaigzne et al., 2009) and AOC
methods (1995) with minor modifications. 5 g of fresh samples was
ground using mortar and pestle, 20 ml of oxalic and trichloroacetic
acid was added. The mixture was further mixed, filtered through a
cotton wool in 100 ml volumetric flask and made up to volume with
oxalic acid. 10 ml of the sample extract was pipetted into a 250 ml

conical flask and titrated against 2, 6 phenolindolindol
dichlorophenol dye to a persistent rosy pink color. Similarly, 10 ml
of 1 mg/ml standard ascorbic acid was titrated against phenolindol
indophenol dye.

Determination of total anti-oxidant capacity

The total antioxidant capacity in leafy vegetables was determined
by phosphomolybdenum method (Prieto et al., 1999). 0.5 ml of
methanol, water and ethanol extract (1 mg/ml) were mixed with 1 ml
of 0.6 M H,SOs;, 28 mM Nas (PO.), and 4 mM ammonium
molybdate solution in a test tube and incubated in a water bath at
95°C for 90 min. After cooling, the volume was made up to 10 ml
with distilled water and absorbance was measured at 695 nm
against a blank. Standards (0-0.05 mg/ml) were prepared, treated
similarly as the samples and a calibration curve was plotted. Total
antioxidant capacity of the leafy vegetables was calculated using
the standard curve of ascorbic acid equation (y=5.2971+0.0003;
R?=0.9117) as shown in Figure 2, expressed as ascorbic acid
equivalent (AAE) in mg/g of the dry sample.

Determination of reducing power

The reducing power of the leafy vegetables was determined using
Chu et al. (2000) method with minor modifications. The reducing
power was investigated by observing the formation of Fe® from F?*.
The color of the test solution changed to various colors such as



Table 1. Proximate composition of indigenous vegetables.
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Indigenous vegetable DM% Ash% Crude fiber% EE% CP%

Amaranthus spp. 92.18+0.41% 15.48+0.14% 11.79+0.13 13.17+0.20% 18.09+0.19%
Bidens pilosa 93.77+0.38" 13.35+0.07" 12.83+0.53 9.00+0.29" 19.04+0.33"
Galinsoga parviflora 96.60+0.09° 18.84+0.40° 10.98+0.26 8.97+0.25° 15.83+0.19°

Data represent mean (+SE) of three separate measurements. Different letters in the same column represent significantly different

values (P<0.05).

green and blue with reference to the reducing power of test
solutions. The sample antioxidants reduces Fe*'/ferricyanide
complex to Fe*" and is evaluated by measuring the formation of
Perl’s Prussian blue at 700 nm (Yang et al., 2010).

The methanolic extracts were diluted in the range of 0.5 to 2.0
mg/ml using distilled water. 2.5 ml of the diluted extracts was mixed
with 2.5 ml of pH 6.6 phosphate buffer, 1% w/v potassium
ferricyanide in test tubes and were incubated in a water bath at
50°C for 30 min. After cooling, 2.5 ml of 10% trichloroacetic acid
was added and centrifuged for 10 min at 13,000 rpm. 2.5 ml of the
supernatant was diluted with 2.5 ml of distilled water and freshly
prepared 0.5 ml of 1% ferric chloride solution was added, mixed
thoroughly and absorbance of the mixture was measured at 700 nm
after 10 min of incubation.

Statistical analysis

Laboratory chemical analyses were done in triplicate and the mean
value of each chemical parameter was calculated using Microsoft
excel. The data was statistically analyzed by using analysis of
variance (ANOVA) in Microsoft Excel ToolPak. Two sample T-test
with unequal variances was used to compare mean values and
significance was accepted at P<0.05 level.

RESULTS AND DISCUSSION
Proximate composition

Results on the proximate composition of the three
selected indigenous leafy vegetables are presented in
Table 1. Crude protein composition ranged from
15.83+£0.19 to 19.04+0.33% with the dry matter content
ranging from 96.60+0.09 to 93.77+0.38%. The crude
protein content in B. pilosa (19.04+0.33%) was higher
compared to the other two indigenous vegetables which
were 18.09+0.19 and 15.83+0.19%, respectively for
Amaranthus spp. and G. parviflora. The crude protein
content in Amaranthus subsp. has previously been
reported to be 5.60+0.01% at 84.1+0.05% moisture
content (Matenge et al.,, 2017) which translates to
35.22+0.63% crude protein at 92.18+0.41% DM. A study
conducted in Zimbabwe found out that crude protein
content for Amaranthus spp. and B. pilosa were
4,94+0.46 and 4.40+0.78% on fresh weight basis,
respectively (Muchuweti et al., 2011). The mineral
composition as ash content of 15.48+0.14% for
Amaranthus spp., was comparably similar to the value of
16.43+0.88% reported in a related study in Malawi
(Kachiguma et al., 2015). Amaranthus spp. (dubius) has

been reported to contain high values of protein
(31.1340.54%), fat (47.20+0.40%) but lower ash
(12.24+0.67%) values than the values obtained in a study
conducted by other researchers (Mih et al., 2017). In a
study conducted in Nigeria, Amaranth spp. leaves had
lower crude fat value of 2.20+0.58% (Funke, 2011) than
13.17+0.20% from this study. Odhav et al. (2007)
reported that G. parviflora contains 34.91% crude protein
on dry matter basis almost twice more than 15.83+0.19
obtained in this study. However, crude fat was 4.36% on
dry matter basis almost twice less than 8.97+£0.25 from
this study (Odhav et al. 2007). On fresh matter basis, B.
pilosa has previously been reported by other authors to
contain 19.18+0.06% crude protein which is slightly
higher compared to the value of 19.04+0.33 obtained in
this study (Adedapo et al., 2011). However, when
comparison was made based on crude fat content for the
same authors, it was observed that the crude fat content
obtained in this study (9.00£0.29) was higher compared
to their results (6.0+1.0%). These differences when
compared with our findings might have been attributed to
various factors such as geographical locations.

Total antioxidant capacity of the indigenous leafy
vegetables

Results on total antioxidant capacity of the leafy
vegetables are presented in Table 2. Total antioxidant
capacity of the 80% methanolic extracts of the
vegetables, in mg AAE/g, ranged from 49.403+0.105 to
59.186+0.0608 for Amaranthus subsp. and G. parviflora,
respectively. G. parviflora registered the highest (p<0.05)
total antioxidant capacity compared to B. pilosa
(55.358+0.0608) and Amaranthus subsp., respectively.
Antioxidants are free radical scavengers that either
prevent or repair damaged cells by reactive oxygen
species (ROS) in human bodies culminating in increased
immune defense system and therefore lowering risk of
cancer and degenerative diseases (Pham-Huy et al,
2008). The higher values in total antioxidant capacity
signify the importance of these indigenous leafy
vegetables both for food and medicinal purposes.

Total phenolic compounds content

Results on total phenolic compounds (TPC) of the
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Table 2. Antioxidant capacity and Total phenolic compounds of indigenous vegetables.

Antioxidant capacity (mg Vit. C

Indigenous vegetable Equiv./g)

Vitamin C
(mg/100 g)

Total phenolics
(mg gallic acid Equiv./kg)

49.403+0.105%
55.358+0.0608"
59.186+0.0608°

Amaranthus spp.
Bidens pilosa
Galinsoga parviflora

45.5026+0.00%
60.7198+0.00°
148.8364+0.00°

28672+45.1%
23464+68.9°
22639+26.0°

Data represent mean (+SE) of three separate measurements. Different letters in the same column represent significantly different values (P<0.05).

indigenous vegetables are presented in Table 2. Total
phenolic compounds of the 80% methanolic extracts for
the three vegetables ranged from 22639+26.0 to
28672+45.1 for G. parviflora and Amaranthus spp.,
respectively. Amaranthus spp. had the highest (p<0.05)
TPC compared to B. pilosa (23464+68.9) and G.
parviflora (22639+26.0) leaves. The TPC value for B.
pilosa obtained in this study was comparably lower to the
values of 27080+2900 (Adedapo et al., 2011) and
51100£5560 mg/kg (Chipurura, 2010) for samples
obtained in South Africa and Zimbabwe, respectively.
However, G. parviflora TPC value obtained from this
study was comparably similar to the value of 20000+5000
mg/kg from a related study conducted in Zimbabwe
(Chipurura, 2010). The TPC values obtained in this study
for Amaranthus spp. was lower as compared to the value
of 40400+0.11 mg/kg DW reported by other authors
(Matenge et al.,, 2017) but comparable to the values
(27501200 mg/kg DW) for Amaranthus triclor for studies
conducted in Botswana and Philippines (Baang et al.,
2015).

The findings from this study have revealed that the
three indigenous vegetables contains high vitamin C
content ranging from 45.5026+0.00 to 148.8364+0.00
mg/100 g with G. parviflora registering the highest
(p=0.05) value and Amaranthus spp. the lowest (p<0.05)
value, respectively. Vitamin C values for Amaranthus
spp. and B. pilosa obtained in this study were lower
compared to the values of 64+6 and 70+7 mg/100 g
(Muchuweti et al., 2011), respectively reported in a
similar study conducted in Zimbabwe.

Total phenolic compounds in plants include phenolic
acids, polyphenols and flavonoids which are used as
antioxidants in plants protecting them from oxidative
damage. Therefore, consumption of phenolic compounds
from vegetables, as antioxidants, has medicinal value to
humans (Do et al., 2014).

Phytochemical
vegetables

content of the indigenous leafy

Phytic acid composition

Results on phytic acid composition of the three
indigenous vegetables are presented in Table 3. Phytic

acid is a hexaphosphate of inistol that chelate calcium
and iron making them biologically unavailable to humans
(Gupta et al., 2005). Phytic acid consumption of 4 to 9
mg/100 g results in a decrease in iron absorption of 4-5
fold in humans (Unuofin et al., 2017; Hurrel et al., 1992).
It has previously been reported that the general daily
phytic acid intake to be 4000 mg (Reddy, 2002) and for
rural people in emerging world it is supposed to be 150 to
4000 mg (Reddy et al., 1982). The phytic acid
concentration ranged from 0.3264+0.0192 to
1.3504+0.0450 mg/kg for Amaranthus spp. and B. pilosa,
respectively. Amaranthus spp. had the highest (p<0.05)
concentration of phytic acid compared to G. parviflora
(0.5013+0.0113) and B. pilosa (0.3264+0.0192). The
phytic acid content for Amaranthus spp. reported in this
study was lower than the value of 6.69 and 13.2 mg/kg
reported in Nigeria for Amaranthus spinosus and A.
hybridus L. (Agbaire, 2011; Akubugwo et al., 2007).
Adedapo et al. (2011) reported phytic acid content of
5.59+0.02 mg/kg in B. pilosa which was higher compared
to the value of 0.3264+0.0192 obtained in this study. In a
related study, Essack (2017) reported that G. parviflora
has 800 mg/kg phytic acid which is higher compared to
the value of 0.5013+0.01130 mg/kg from this study.
However, phytic acid values for Amaranthus spp., B.
pilosa and G. parviflora determined in this study were
below the value of 4 to 9 mg/100 g which results in 4 to 5
times reduction in iron absorption in humans.

Oxalic acid composition

Results on oxalic acid composition of the three
indigenous vegetables are presented in Table 3. Oxalic
acid consumption at 2 to 5 g/100 g levels has been
reported to be toxic (Essack, 2017) because of the
reduction in the bioavailability of minerals like calcium
(Ladeji et al., 2004). Oxalic acid content in the indigenous
leafy vegetables, in mg/100 g, ranged from 2141+81.7 to
2288+441 with B. pilosa and G. parviflora registering the
highest and lowest values, respectively. B. pilosa had the
highest oxalic acid concentration (p<0.05) compared to
Amaranthus spp. (2250+111) and G. parviflora,
respectively. The oxalic acid value for Amaranthus spp.
obtained in this study was lower compared to the values
of 5637, 3028 and 3325 mg/100 g for Amaranthus viridis,
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Table 3. Anti-nutrient content of indigenous vegetables.

Indigenous vegetable

Phytic acid (mg/kg)

Oxalic acids (mg/100 g)

Amaranthus spp. 1.3504+0.0450% 2250+111°%
Bidens pilosa 0.3264+0.0192" 2288+441"
Galinsoga parviflora 0.5013+0.0113° 2141+81.7°

Data represent mean (xSE) of three separate measurements. Different letters in the same column represent

significantly different values (P<0.05).

Absorbance at 700 nm
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Figure 3. Reducing power of indigenous leafy vegetables.

Amaranthus spp. and A. spinosus previously reported by
other authors (Sheela et al., 2004). On the other hand,
the oxalic acid values of 2141+81.7 and 22881441 mg/kg,
for G. parviflora and B. pilosa reported in this study were
comparatively lower to the values of 17600+1600 and
13100+400 mg/kg, respectively reported in South Africa
(Essack, 2017). However, the oxalic acid concentration
levels obtained in this current study were below the toxic
levels and proper processing of vegetables such as
cooking has been reported to further reduce the phytic
acid concentration (Akwaowo et al., 2000) which further
suggests that consumers are likely to be exposed to very
low levels of oxalic acid making consumption of the three
indigenous vegetables safe.

Reducing power

Results on the reducing power of the three indigenous
vegetables are presented in Figure 3. The results have
shown that the indigenous leafy vegetables extracts had
high degree of electron-donating capacity with reference
to the increasing sample extract concentration (Figure 3).
Amaranthus subsp. 80% methanolic extracts had the
highest (P<0.05) reducing power followed by B. pilosa

and G. parviflora extracts at all concentrations. However,
at 1.0 mg/ml, extract concentration, Amaranthus subsp.
and B. pilosa vegetable extracts had similar reducing
power (Figure 3).

Conclusion

The findings from this study have shown that the three
indigenous leafy vegetables contains high essential
nutrients such as proteins, minerals, vitamin C and
phenolic compounds which are important in improving
human nutrition and health. The findings have further
shown that the indigenous leafy vegetables exhibited
high antioxidant properties and reducing power which is
essential for their utilization as food as well as medicinal
uses. The high nutrient content, high antioxidant capacity,
reducing power and low phytic and oxalic acids present in
the three indigenous vegetables suggest that low
resource rural communities can get adequate nutrition
and health through consumption of these indigenous
vegetables. It is recommended that future studies on
nutrient and phytochemical composition should target
more indigenous vegetables consumed by communities
in different parts of Malawi.
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