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Background: Acalypha rhomboidea, Asystacia gangetica, Crassocephalum
sacrobasis, Crotalaria ochroleuca, Heterosis rotundifolia, Hibiscus cannabinus,
Hibiscus sp., Hibiscus surratensis, Ipomoea eriocarpa, Maerua angolensis, Senna
obtusifolia and Vigna membranacea are among the common wild edible plants in
the Acholi sub-region, northern Uganda. This study evaluated the phytochemical
constituents and antioxidant potential of the plants.

Methods: Fresh leaves collected from each plant species were air-dried under
shade. The phytochemical contents of the ethanol and petroleum ether extracts
were determined using standard protocols. The antioxidant content of the
methanolic extracts was assessed by 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay.

Results: Preliminary phytochemical analyses indicated the presence of tannins,
reducing compounds, alkaloids, flavonoids, flavons aglycones, flavanosides,
anthracenosides, anthocyanosides, volatile oils, coumarins, steroid glycosides,
sterols and triterpenes. However, the extracts did not contain any emodols and
saponins. The results of the quantitative phytochemical analysis showed that
the contents of different phytochemicals detected varied significantly (p<0.05)
among the selected plants. The amount of tannins in mg/g (gallic acid equivalent)
of dry weight varied from 3.904+0.16 in C. ochroleuca to 1041+0.78 in I
eriocarpa, total flavonoids in RE, mg/g dry matter from 4.07+0.11in /. eriocarpa to
14.94+0.08 in S. obtusifolia. Total alkaloids in mg/100g ranged from 1.5940.30 in
I. eriocarpa to 6.3740.24 in Hibiscus sp. Total phenolic content in GAE, mg/g dry
matter ranged from 13.3940.26 in A. rhomboidea to 64.25+0.54 in I. eriocarpa.
The in vitro antioxidant assays revealed substantial free radical scavenging activity
in all the plants. Antioxidant activity expressed as ICso (ppm) ranged from 13.39
for A. rhomboidea to 64.84 for I. eriocarpa, compared to 12.82 for ascorbic acid
standard. The total phenolic compounds and total tannins had significant and
positive correlations with DPPH free radical scavenging activity.

Conclusion: The findings of this study provide evidence that the species are good
natural sources of phytochemicals and antioxidants, whose regular consumption
could provide human health benefits by protecting against oxidative stress related
diseases. Further research is needed on the structural characterization of the
phytochemicals, profiling the plant extracts with high antioxidant activity and
determining the antimicrobial activities.
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Introduction

Many countries worldwide, including those in sub-Saharan Africa,
are experiencing increased incidences of chronic non-communicable
diseases. This is partly due to unhealthy diets (1, 2). It has been
established that consumption of wild edible plants can lower the
incidences of some non communicable diseases (3), because they
contain a variety of phytochemicals that have therapeutic potentials
and can prevent many human diseases including cancer and
cardiovascular diseases occurring (4, 5).

Phytochemicals are secondary plant metabolites that include
phenolic compounds such as tannins, flavonoids, saponins and
glycosides (6-9). Although they have no known roles in plant cell
metabolism, the plants continuously synthesize phytochemicals for
defense roles and to protect plants from possible environmental
harm, e.g., against pathogens and herbivores attacks (10, 11). Many
phytochemicals have proven human health benefits (12). For
instance, phenolic compounds are of great importance due to their
potent antioxidant or free radical scavenging activities (13, 14),
antiseptic properties (15) and anti-inflammatory roles (16, 17).
Alkaloids are powerful drugs with anti-inflammatory, antimalarial,
antimicrobial and antispasmodic activities. Similarly, phytosteroids
are known to have cardiotonic, antibacterial (18) and mixed
agonistic/antagonistic activity to animal steroid receptors (19).
Anthocyanins are flavonoid compounds that help the immune
system to work more efficiently to protect against viral infections
(20, 21). The phenolic compounds display antioxidant activities,
which are important for healthy functions in the cells of both plants

22), and humans (23, 24).

Antioxidants are free radical scavengers that act by donating
electrons to the electron-deficient free radicals, thus, rendering the
radicals harmless (25-27). These free radicals include reactive
oxygen species (ROS) such as superoxide anion radical and hydroxyl
radical, hydrogen peroxide and singlet oxygen formed from
metabolism (28) and reactive nitrogen species such as nitric oxide
and peroxynitrite. Metabolic reaction in the cell mitochondria is the
body’s main source of free radicals (29, 30). Exogenous sources of
free radicals include exposure to chemical contaminants in food,
charred food, cosmic radiation from space and smoking (31). A
myriad of metabolic reactions in the body involves synthesizing
various chemical intermediates susceptible to free radical attacks
(32, 33). Free radicals’ interference in the body reactions alters
amino acid configurations, denaturing enzymes. Free radicals attack
nucleic acids, breaking down the nucleotide strands when they occur
at the sugar linkages. Free radicals can also play helpful roles in some
instances, such as apoptosis (34). For healthy body functions, there
must be a balance between generating and removing free radicals.
Many oxidative stress-related diseases, such as heart diseases and
cancer (35, 36) result from the accumulation of free radicals in the
body. Therefore, removing or scavenging free radicals significantly
reduces the oxidative stress or imbalance between the free radicals
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generation and their removal in the body. Moderate amounts of ROS
play an essential role in cell signaling involving apoptosis and gene
expression and can serve as both intra- and inter-cellular messengers
(37-39).

Several wild edible plant species are utilized by the Acholi
communities in northern Uganda (40). Despite the abundance and
diversity of these plants, many of them have not been explored for
their phytochemical and antioxidant properties (41). The
phytochemical and antioxidant screening of these plants is a
important for verification of their continued consumption and
future utilization as health-promoting foods. Therefore, this study
aimed to analyse; (i) the phytochemical constituents, (ii) in vitro
antioxidant potential of extracts of selected wild edible plant species
consumed by the Acholi communities in northern Uganda, and
(iii) to with  the
antioxidant activities.

correlate the phytochemical contents

Materials and methods
Collection of plant materials

Fresh leaves (about 1kg) of each selected wild edible plants,
named as Acalypha rhomboidea Raf., Asystacia gangetica (L.)
T. Anderson, Crassocephalum sacrobasis (DC.) S. Moore, Crotalaria
ochroleuca G. Don., Heterotis rotundifolia (Sm.) Triana, Hibiscus
cannabinus L., Hibiscus sp., Hibiscus surratensis L., Ipomoea eriocarpa
R.Br., Maerua angolensis DC., Senna obtusifolia (L.) Irwin & Barneby
and Vigna membranacea A. Rich., were collected at the flowering
stage following the standard guidelines (42) for plant sample
collection from locations in Omoro district in northern Uganda
(Figure 1) between November 2019 and March 2020. Based on a
previous record of Ugandan wild edible plants by Goode (43), these
plants are used as a vegetable to accompany staple foods during
periods of food scarcity. Acalypha rhomboidea is an annual garden
weed used during food scarcity around April-May. Asystica gangetica
(Ladyelcol), family Acanthaceae is a native wild-leafy vegetable that
mostly grow in forest habitats. It grows up to 1 m high with extensive
branching during the wet season. Crassocephalum sacrobasis is an
annual weed of the garden used around April-May. Crotolaria
ochrolenca (locally called Lawija) is an erect much-branched or
short-lived leaf biennial vegetable herb growing up to 2.5m tall.
Heterosis rotundifolia (locally called Odwanga/Cunbit) is a
herbaceous flowering plant found in wetlands and riverbanks.
Hibiscus cannabinus (Lagoroto in Acholi) from the family Malvaceae
is an annual herbaceous dicotyledonous wild plant. The shoots or
young leaves and sometimes the flowers and young fruits are used
as vegetables during the wet season. Hibiscus surratensis (Gwanya in
Acholi), belongs to the family Malvaceae and grows in bushes
around wetlands. Hibiscus sp. (Nyarogenga in Acholi) is an annual
herb in the Malvaceae family which grows up to 1.5 m high. Ipomoea
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eriocarpa (Padowiakuri), from the family Convolulaceae, is an
annual crawling herb traditionally used as a leaf vegetable in Uganda.
Maerua angolensis (locally called Odwee) is a shrub or small tree
usually growing up to 4m high in savannah and galleried forest areas
of tropical Africa. The leaves and tender parts are eaten as a vegetable
in times of food shortage during the dry season. Senna obtusifolia,
locally called Oyado in Acholi. It is an erect and bushy biennial or
short-lived perennial herb in the family Fabaceae growing to a
height of 1.5-2.5m. The leafy vegetable is an important source of
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food for rural populations during the wet season. Vigna
membranacea (locally called Boo Ayom) is a climbing cow-pea like
plant/vine common on cultivated land and bushland. The leaves are
used as vegetable during the rainy season, March-May and
November-January. The plant samples were transported in clean
polythene bags to the laboratory. Taxonomic identification of these
plant species was made by a plant taxonomist Mr. Rwambindore
Protease at the Makerere University Herbarium in a previous study
Nyero et al. (40).
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Sample preparation and extraction

The leaves were removed and gently washed to remove any debris,
air-dried under shade at room temperature for 5 to 10 days in the
laboratory. The dried plant samples were ground to a fine powder
using an electric grinder, sieved and packed in a polyethylene plastic
bag wrapped with aluminum foil. One hundred grams of powder from
each plant material plant samples were extracted using 500 ml of
general-purpose grade petroleum ether (40°C) in an extraction flask
with periodic stirring for 3 days at room temperature (20-25°C). The
mixture was filtered over Whatman No.1 paper using Biichner funnel.
The residue was dried in the fume hood until the smell of petroleum
ether was removed. The dried residue was soaked in 70% ethanol,
stirred for 30 min and left for 24 h with periodic shaking (44, 45).
Then the extracts were filtered using Whatman No. 1 filter paper and
the filtrate evaporated to dryness under vacuum using a rotary
evaporator at 60°C. The crude extract was stored in a refrigerator
below 4°C for subsequent analysis.

Phytochemical screening of the plant
extracts

Phytochemical screening of the crude petroleum ether and
ethanol extracts of all plants for the presence or absence of tannins,
saponins, reducing compounds, alkaloids, flavonoids, flavons
aglycones, flavanosides, anthracenosides, anthocyanosides, volatile
oils, courmarins, emodols, steroid glycosides, sterols and triterpenes
was carried out using standard methods (7, 46-49) with
minor modifications.

Quantification of phytochemicals
Determination of total tannin contents

Total tannins were determined using the Folin-Ciocalteu
method (50) with minor modifications. Plant powder (0.1g), from
each sample was extracted in 10 ml of distilled water. In each case,
the extract (0.1 ml) was added to a volumetric flask (10ml)
containing 7.5ml of distilled water. A drop of Folin-Ciocalteu
reagent (0.5ml) and 35% sodium carbonate (1 ml) solution were
added. The mixture was diluted to 10 ml with distilled water, shaken
and kept in the dark at room temperature for 30 min. Absorbances
for the test and standard solutions were measured against distilled
water as a blank at 725 nm. The regression equation Y'=0.39X +0.023;
R*=0.999 obtained from the gallic acid standard curve (0, 10, 20, 40,
and 50) pg/ml was used to express the results as mg equivalents of
gallic acid, GAE/g.

c=qY
C=total tannin in terms of gallic acid equivalent (GAE) mg/g,
C,=concentration of gallic acid derived from the standard curve,

v=volume of extract in milliliters, and m =weight of plant extract
in grams.
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Determination of total phenolic content
(TPC)

The total phenolic content (TPC) in each extract was determined
using the Folin-Ciocalteau method (51), with minor modifications.
Gallic acid was used as a standard. The plant powder (0.1g) was
extracted in 10 ml of distilled water for each sample. Then 0.5ml of
Folin-Ciocalteau reagent was added to 0.1 ml of each plant extract
solution. The total volume of the extract was reconstituted to 8.5ml
with distilled water, shaken and the resulting mixture was kept at
room temperature in the dark for 10 min. Then 20% sodium carbonate
(1.5ml) solution was added, mixed thoroughly. The solution was
allowed to stand in a water bath at 40°C for 20 min. Finally, the
absorbance was measured at 755 nm using a UV-spectrophotometer.
The gallic acid standard curve Y=0.014X+0.036; R*=0.997 was
obtained using dilutions (0, 10, 20, 40, and 50 pg/ml) for measuring
the TPC, which was expressed as mg of gallic acid equivalent per gram
(mg GAE/g) of dry sample. TPC was determined and expressed as mg
of gallic acid equivalent per gram (mg GAE/g) of dry sample (52).

Estimation of total flavonoid content (TFC)

The total flavonoid content (TFC) in each sample was determined
using the Aluminium Chloride colorimetry method described by
Ordonez et al. (53). Rutin was used as a standard and TFC was
determined in milligrams of rutin equivalent (mg RE/g dry weight of
extract). The calibration curve Y=0.10X+0.018; R*=0.991 for rutin
was obtained using different dilutions (0, 10, 20, 40, and 50 pg/ml)
prepared in distilled water. Each plant powder (0.1 g) was extracted in
10 ml of 80% methanol. To 0.1 ml of the extract or standard, 0.5 ml of
fresh aluminium chloride (AICl;, 2%) in ethanol was added. After 1h
at room temperature, the absorbance of the reaction mixture was
measured at 420 nm using a UV-visible spectrophotometer. All results
were recorded from triplicate samples.

Alkaloids content determination

Total alkaloid content was evaluated gravimetrically using a
standard method (54). Five grams of the powdered sample of each
plant was weighed into a 200 ml of 10% acetic acid in ethanol and
allowed to stand for 4h. The filtered extract was concentrated
using a water bath at 55°C to one-quarter of the original volume.
Concentrated ammonium hydroxide (NH,OH) was added
dropwise into the extract until precipitation was complete. The
whole solution was allowed to settle and the precipitate collected
was washed with dilute NH,OH solution and then filtered. The
crude alkaloid residue was weighed and calculated according to
the equation: Amount of alkaloid (mg/g) = weight of precipitate/
weight of the sample (55).

Antioxidant assay
The antioxidant activity was determined using the 2,2-diphenyl-

1-picrylhydrazyl (DPPH) radical scavenging assay with ascorbic acid
standard according to the method described by Abdul-Wahab et al.
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(56) with minor modifications. Each plant powder sample (0.1 g) was
cold extracted with 10ml of methanol (99%) for 3h by soaking,
shaking intermittently and later filtered. The volume of the extract
solutions was adjusted to 10ml with methanol to make sample
solutions. The sample solutions (100, 200, 300, 400, and 500 pl) and
5ml of 0.0039% DPPH were rapidly mixed in the test tubes. After
vigorous shaking, the reaction mixture was incubated in the dark at
37°C for 30 min and the absorbance was measured at 517 nm against
a blank using a UV-Vis. Spectrophotometer. The ascorbic acid
standard curve (Y=1.468X+31.17; R>=0.993) made from serial
concentrations (5, 10, 15, and 20 pg/ml) was used as a positive control.
The DPPH free radicals scavenging activity of the plant extract was
expressed in terms of the effective concentration in parts per million
of ascorbic acid standard and samples required to scavenge 50% of
DPPH free radicals in vitro, ICs,; using the equation:

. . . A;—-A
DPPH free radical scavenging activity (%) = [%} x 100
C

Where A.=Absorbance of the blank or control solution (i.e., the
absorbance of DPPH + methanol); As is the absorbance of DPPH
radical + sample (i.e., the absorbance of extract or standard). The 1Cs,
values were determined from the plotted graph of the percentage of
scavenging activity against the concentration of different extracts from
the three replicates. A lower ICs, value implies a higher antioxidant
activity of the sample.

Statistical analyses

One-way ANOVA was performed to determine the significant
differences between means. A p value < 0.05 was considered
statistically significant. Then Tukey’s HSD post hoc comparison test
was done. Linear regression analysis between the % inhibition of
DPPH and the concentration was done for each sample (n=3) using
a linear function. The Pearson’s correlation coefficient was performed
to assess the association of total phenolic, flavonoid, alkaloid and
tannin contents and antioxidant activity. The statistical analysis was
conducted using SPSS programme (IBM SPSS statistics version 26) for
windows software. The results were presented as mean values+SD
(standard deviation).

Results
Phytochemical constituents

Preliminary phytochemical screening of petroleum ether and
ethanol extracts from the 12 wild edible plants revealed the presence
of a wide range of phytochemical compounds including volatile oils,
basic alkaloids, and tannins, reducing compounds, coumarins, flavone
aglycones, flavanoside, steroid glycoside, sterols and triterpenes,
others occurring in higher abundance is some of the extracts as shown
in Table 1. Anthracenosides were only present in two sample extracts:
H. surratensis and . eriocarpa. Anthocyanosides were found in the
extracts of H. surratensis, H. cannabinus, S. obtusifolia, Hibiscus sp. and
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I eriocarpa. None of the extracts contained saponins and emodol

(Table 1).
Statistical

phytochemical contents of the 12 selected plants indicated that

analysis results of detected quantitative
they were significantly different (p <0.001; Table 2). As shown in
Table 1, the total tannin content ranged from of 3.90+0.16 in
C. ochroleuca to of 10.41+0.78 GAE, mg/g in I. eriocarpa. Total
flavonoids varied from 4.07 +0.11 to 14.94 +0.08 RE, mg/g. The
highest amount of flavonoids (14.94 +0.08 mg RE/g dry weight)
was observed in extracts of S. obtusifolia while the lowest amount
(4.07+0.11) was detected in I. eriocarpa. The total phenolic
content in all the plant species ranged from 13.39+0.26 to
64.25+0.54 mg GAE/g dry matter. Ipomoea eriocarpa exhibited
the highest amount of TPC with 64.25+0.54 GAE/g dry matter,
meanwhile A. rhomboidea had the lowest (13.39 +0.26). Total
alkaloids (g/100g) varied from 1.59+0.30 to I eriocarpa to
6.37 +£0.24 in Hibiscus sp. (Table 2).

2,2-Diphenyl-1-picrylhydrazyl radical
scavenging activity

Among the 12 plants investigated, A. rhomboidea exhibited the
strongest free radical scavenging ability and may be used as a potential
source of natural antioxidants against free radical-associated diseases.
The DPPH radical scavenging of the plants determined as ICs, (ppm)
ranged from 13.39 to 64.84 compared to 12.82 for the standard
ascorbic acid used (Table 2).

Correlation of antioxidant activity with the
phytochemical contents

The results of Pearson correlation revealed a significant and
positive correlation of antioxidant or DPPH radical scavenging
activity (ICs) with total tannins (r=0.600, p=0.039) as well as total
phenolics (r=0.999, p<0.001). However, there were no significant
correlations with total flavonoids (r=-—0.238, p=0.457) and total
alkaloid contents (r=0.052, p=0.873).

Discussion

The results show that the leaves of wild edible plants
consumed by the Acholi communities in northern Uganda
contain a wide range of phytochemicals. All the 12 wild edible
plants contained some tannins. The tannin content ranged from
3.9 to 10.4mg/100 g. These values are higher than those in similar
studies with comparable methods; for instance, Senguttuvan et al.
(57) reported the tannins content of the dry powder of wild
edible plants collected from Nilgiris, the Western Ghats, Tamil
Nadu, India to range from 0.03 and 1.62mg GAE/100g.
Emmanuel et al. (58) reported lower tannin content in wild edible
plants from Iringa district, Tanzania, ranging from 1.05 to
19.02mg/100 g. The observed differences could be explained by
differences in geographical distribution and variability of soil
nutrients (59, 60). Although tannins have traditionally been
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TABLE 1 Phytochemical screening of crude extracts of 12 edible wild plant species used locally by the Acholi communities of northern Uganda.

Sample AR HS (6(0) VM HC SO AG H HR IE (3 MA
Volatile oils + + + + + + + + + + + +
Basic alkaloids + + + + + + + + + + + +
Sterols and

triterpenes + + + + + + + + + + + +
Emodols - - - - - - - - _ _ _ _
Coumarins + ++ + ++ ++ ++ + ++ + ++ ++ +
flavone aglycones ++ ++ + ++ ++ ++ + ++ ++ ++ ++ ++
Saponins - - - - - — - - — — — —
Tannins + + + + + + + + + + + +
Reducing

compounds + + + + + + + + ++ + ++ +
Alkaloid salts + + + + + + + + + + + +
Anthracenosides - + - - - - - - - + _ _
Anthocyanosides - + - - + + - + - + _ _
Flavonosides ++ ++ + ++ ++ ++ ++ ++ ++ ++ ++ ++
Steroid glycosides + + + + + + + + + + + +

AR = Acalypha rhomboidea Raf., AG = Asystasia gangetica (L.) T. Anderson, CR = Crassocephalum rubens var. sarcobasis (Bojer ex DC.) C. Jeffrey & Beentje, CO = Crotalaria ochroleuca G.Don.,
HR = Heterotis rotundifolia (Sm.) Jacq.-Fél., HC = Hibiscus cannabinus L., HS = Hibiscus surattensis L., H = Hibiscus sp., IE=Ipomoea eriocarpa R. Br., MA = Maerua angolensis, SO = Senna
obtusifolia (L.) Irwin & Barneby., and VM = Vigna membranacea A. Rich.; (—absence, + presence, ++ present in large amount based on color intensity from the test outcome).

TABLE 2 Total tannins, total flavonoids, total phenolic compounds, alkaloids and antioxidant activity of methanol extracts of 12 selected wild edible
plants from the Acholi sub-region.

Total tannins Total flavonoids Total phenolic Total alkaloids Antioxidant
(GAE, mg/q) (RE, mg/qg) compounds (GAE, (g/100g) activity (ICsp)
mg/g)

Asystacia gangetica 3.95+0.06" 7.66+0.20¢ 14.18 £0.63* 2.75+0.08> 14.18
Acalypha rhomboidea 7.30+£0.54° 5.17+0.07° 13.39£0.26* 1.95+0.22%® 13.39
Crassocephalum sacrobasis 7.50+£0.33" 6.48+0.20° 32.54+1.33¢ 4.02+0.40¢ 32.54
Crotalaria ochroleuca 3.90+0.16* 11.00+0.09" 13.72+0.27* 4.92+0.29° 13.72
Heterotis rotundifolia 4.83+0.36¢ 6.69+0.16° 45.02+0.16¢ 5.67 +0.49 45.02
Hibiscus sp. 7.58+£0.27° 12.35+0.22¢8 33.30+0.69¢ 6.37+0.24 33.30
Hibiscus cannabinus 7.58+0.33" 14.13+0.09" 25.97£0.36¢ 5.04+0.17¢ 25.97
Hibiscus surratensis 3.96+0.40" 12.83+0.578 28.15+1.49° 2.53+0.23" 28.15
Ipomoea eriocarpa 10.41+0.78¢ 4.07+0.11* 64.25+0.54° 1.59+0.30* 64.84
Maerua angolensis 4.81+0.28° 10.20+0.14¢ 17.04+0.35" 2.25+0.25%¢ 17.04
Senna obtusifolia 8.95+0.15° 14.94+0.08' 27.93+1.22¢ 2.83£0.31° 27.93
Vigna membranacea 4.06+0.43" 4.67+0.18" 18.89+0.50" 2.82+0.20° 18.89
Mean square 15.2 44.6 673.0 7.5
F-statistics at df=(1,11)
(p<0.001) 103.3 946.9 1106.1 93.68

GAE, mg/g: milligram of gallic acid equivalents per gram of dry residue, RE, mg/g: rutin equivalent per gram residue, IC, of ascorbic acid = 12.82 ppm. Values are expressed as means + SD
(n=3). Means in columns followed by different letters indicate significant difference between different plant species at the p <0.05 levels by Tukey HSD post hoc test.

regarded as anti-nutritional factors in foods (61), they are also  containing this compound may be a potential bioactive
known to have anti-inflammatory, wound healing (62) and  compound source in cancer treatment.

antibacterial properties (63) and have remarkable ability in The flavonoid content of the plant species varied from
prevention of cancer (64, 65). Therefore, wild edible plant species ~ 4.07+0.11 in I eriocarpa to 14.94 +0.08 RE, mg/g in S. obtusifolia.
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The total flavonoid contents in this study is similar to those
reported for similar species in previous works (66) on selected
Ugandan medicinal plant foods, i.e., 12.0 +0.2 for S. obtusifolia
and 12.9+1.0 for Hibiscus sp. In contrast, other studies have
shown higher flavonoid content of wild edible plants compared to
ours. For example, Lamien-Meda et al. (67) showed the flavonoids
content of 14 wild edible fruits of Burkina Faso to vary from
1.70£0.35to 116.05 + 3.04 RE, mg/g. Andabati and Muyonga (66)
studied selected Ugandan traditional medicinal foods, and
indicated higher flavonoid content in H. cannabinus (38.4+0.9
RE, mg/g) and I. eriocarpa (78.9 £2.7) than in the present study.
Yang et al. (68) recorded lower total flavonoids contents of
2.54mg/g fresh weight in wild edible plants of the World Vegetable
Center-southern Taiwan. Flavonoids confer characteristic tastes
in foods, thus promoting peculiar tastes in prepared foods.
Naturally, flavonoids are reported to have a wide range of
beneficial effects on humans and are therapeutically potent
against a wide range of diseases (69, 70). They exhibit their actions
through effects on membrane permeability and by interfering in
enzyme activity and scavenging free radicals (71, 72).

The content of total phenolic compounds in this study was
high and ranged from of 13.39+0.26 in A. rhomboidea to of
64.25+0.54 mg GAE/g dry matter in I. eriocarpa. A previous study
by Andabati and Muyonga (66) has also reported higher amount
(91.9mg GAE/g) of phenolic compounds in I. eriocarpa. The
obtained results corresponded well with the range of the values
previously reported in some other studies (e.g., (67)). According
to Lamien-Meda et al. (67), the total phenolic content of the
methanol extracts from some wild edible plants from Burkina Faso
varied from 1.91 to 49.47 GAE, mg/g, which is comparable to
those in the present study. Meanwhile, our study recorded total
phenolic content lower than that of Yang et al. (68) on Argentinean
wild grapefruits (320 GAE, mg/g) and Chilian variety of 117 GAE,
mg/g. The variation of phytochemical contents in the wild edible
plants could be attributed to the difference in plant species,
environmental conditions (73), plant parts used (74) and the
solvent used for extraction (75). Besides, polyphenolic compounds
are a key component of all the plant-derived foods and these act
primarily as antioxidants, and ant-inflammatory agents (62).
Phenolic substances also have antiseptic properties (15).

The alkaloids content varied from 1.59-6.37 +0.24 g/100 g and
it differed significantly among the wild edible plants. Some
vegetables like C. ochroleuca are bitter due to the presence of
alkaloids belonging to the quinolizidines group (76). Some
alkaloids possess medicinal properties such as amoebicidal and
antitumor activity (77, 78).

The results of DPPH scavenging activity assay indicate that
these wild edible plants are potentially good sources of natural
antioxidants. In this study, the free radical scavenging activity
determined by DPPH varied from13.39 to 64.84 pg/ml, which was
comparable to values (0.1 to 57.8) obtained in selected Ugandan
traditional medicinal foods from Kamuli to Gulu districts (66). For
example, the antioxidant activities of H. cannabinus and
C. ochroleuca were 22.2 +1.8 and 8.8 +0.7 milligram ascorbic acid
equivalents per gram dry weight (mg VCE gDW™), compared to
25.97 and 13.72pg/ml in this study. However, the antioxidant
potential of the 12 wild edible plants is not as effective as DPPH
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radical scavengers when compared to ascorbic acid. This is contrary
to other findings that reported a higher antioxidant capacity of
plant extracts than ascorbic acid (79, 80). The low oxidative
potential could be attributed to the extraction solvents used for each
study (81, 82). Nonetheless, our results are comparable to the values
of DPPH radicals scavenging activities of Brazilian wild medicinal
plants (10 ppm), as reported by Brighente et al. (83); which was also
lower than that of the ascorbic acid standard (8.4 ppm). This
variation in antioxidant activities could be attributed to differences
in the wild edible plant species studied, climatic conditions and soil
types (84). However, one major limitation of this study was that the
antioxidant activity was described by only one method, yet,
antioxidant activity can be influenced by many factors and because
of the complex nature of many plants and differences in the
mechanism of action of antioxidants (85). Nevertheless, the highly
significant and positive correlation of the DPPH radical scavenging
ICs, with total tannins and total phenolic content could imply that
tannins and phenols are the main contributors to the radical
scavenging activity of the selected plants. A high correlation
between the content of phenolic compounds and the scavenging
effect of DPPH has also been previously demonstrated by Noreen
et al. (86) in study from Pakistan and by Andabati and Muyoinga
(66) in wild edible plants of Gulu and Kamuli districts in Uganda.
Several factors might influence antioxidant activity and, therefore
might not be fully described by a single assay. A reliable antioxidant
evaluation protocol could have required employing different
antioxidant activity assessment methods, such as nitric oxide
radical scavenging, ferric reducing power and total antioxidant
assays. Given that only one method was employed in this study, this
can be a limitation of the study.

Conclusion

This study shows that the leaves of wild edible plants
consumed by the Acholi communities in northern Uganda
contain a wide range of bioactive phytochemicals and are a rich
natural source of antioxidants. The highest contents of both total
phenolic and tannins were found in I. eriocarpa. Senna obtusifolia
and Hibiscus sp. presented the highest contents of total flavonoid
and total. Among the selected edible plants, A. rhomboidea
provided the highest activity for antioxidants. Hence their regular
consumption could provide human health benefits by protecting
against oxidative stress related diseases. The high correlations
confirm the roles of phenol and tannin compounds as the main
contributor to the antioxidant activities of these plants. Further
investigations are needed to characterize the phytochemicals in
the wild edible plants, profiling the plant extracts with high
antioxidant activity by LC-MS and determining their microbial
activities. This will stimulate interest in wild edible plant use in
the nutraceutical industries and new drug development.
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