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ARTICLE INFO ABSTRACT

Keywords: In Ethiopia, wild edible plants (WEPs) are widely consumed. Despite the extensive usage of WEPs in Ethiopia,
Anti-nutritional factors there have been few investigations on their nutritional composition.This study aimed to investigate the
Antioxidants

biochemical composition and antioxidants of the most commonly consumed three WEPs, Amaranthus tortuosus,
Landolphia buchananii, and Oncoba spinosa in Soro District, Ethiopia. The proximate, mineral, vitamin C, and
oxalate of them were determined using the method by AOAC. Anti-nutrients, total phenolic and flavonoids, and
antioxidant capacity of the WEPs using standard spectroscopic methods. The highest crude protein content (38 g/
100 g) was observed in Amaranthus tortuosus. Other nutrients on dry basis of crude fat, crude fiber, utilizable
carbohydrate, gross energy, calcium, iron and zinc, vitamin C were resulted., including anti-nutrients of phytate,
oxalate and tannin. O. spinosa has higher anti-nutrient content. The highest phenolic, flavonoid, and vitamin C in
L. buchananii fruit. The L. buchananii extract had a comparable IC50 value with ascorbic acid in scavenging 2,2-
diphenyl-1-picrylhydrazyl free radical. At 200 pg/ mL, the highest percentage of DPPH inhibition obtained for
ascorbic acid. This study indicated, WEPs had more antioxidants than some common popular crops; it suggests

Proximate composition
Soro District
Wild edible plants

that they can be incorporated to make more nutrient-dense and healthy-balanced diets.

1. Introduction

Food and nutrition insecurity is one of the biggest problems the
world is experiencing. Globally, approximately two billion people are
estimated to suffer from some micronutrient deficiencies (FAO, 2012).
The issue of food insecurity is severe in sub-Saharan Africa (FAO, 2011).
However, the continent has a highly biodiverse environment with
valuable wild edible plants (WEPs), which are often neglected (Chennai
Platform for Action, 2006). Wild edible plants are plants with edible
parts that grow naturally on wild farmland, non-cultivated, or fallow-
land (Duguma, 2020). Different WEPs have played an important func-
tion in different geographical regions of the world throughout human
history (Duguma, 2020). Traditionally, WEPs have been used for me-
dicinal purposes to treat various ailments (diarrhea, constipation,
wounds, cancer, jaundice, heart disease, and diabetes) (Mir, 2014).
Additionally, WEPs can be used as supplementary foods to combat
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malnutrition and provide for food security (Adamu et al., 2022b;
Getachew et al., 2013; Lulekal et al., 2011). They have remarkable
nutrient value providing a significant source of vitamins, fibers, min-
erals, and fatty acids (Datta et al., 2019; Getachew et al., 2013; Adedapo
et al., 2011; Dansi et al., 2008). The nutritional values of WEPs are
comparable to those of cultivated varieties of plant species (Ebert,
2014). Hence, they can support to achieve the zero hunger (SDG2) as
well as good health and well-being (SDG3) objectives of sustainable
development goals (SDGs) (Ishfaq et al., 2023).

Furthermore, WEPs are also potential sources of bioactive com-
pounds, including phenolic and flavonoid compounds with high anti-
oxidant capacity (Yu et al., 2021). These bioactive compounds can boost
protection against various diseases including chronic diseases and can-
cer (Yuet al., 2021; Raghavendra et al., 2018). However, different parts
of WEPs contain anti-nutrients such as phytate, oxalate, tannin, and
cyanide (Toh et al., 2013), which their high amount can reduce the
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bioavailability of nutrients, protein digestion, and growth (Rout and
Basak, 2015; Kumar et al., 2010). With their nutritional and bioactive
compound composition, in recent years more ethnobotanical studies
have been conducted to document local and indigenous knowledge as
well as biochemical characterization of WEPs.

Thus, there is an increasing trend in the incorporation of WEPs into
dishes in many developed countries (Geraci et al., 2018; Luczaj et al.,
2012). WEPs have always been an essential and widespread food source
for food-insecure families living in poverty in developing countries
(Berihun & Molla, 2017; Yumkham et al., 2017; Mavengahama et al.,
2013; Umaru et al., 2007). They are relevant to households in food se-
curity, nutritional and therapeutic values in some rural areas and rely on
supplementing staple foods filling seasonal food shortages and serving
as emergency food during famine. They are also vital for many com-
munities in urban settings, including the poor and marginalized
(Duguma, 2020). According to Lulekal et al. (2011) and Aberoumand
(2009), approximately one billion people worldwide consume wild
foods on a daily basis.

Ethiopia is known as a center of origin, biodiversity hotspot, and
diversification for a significant number of food plants and their wild
relatives (Edwards, 1991; cited in Lulekal et al., 2011). In fact, Ethiopia
is the fifth largest country in tropical Africa in terms of the flora diversity
(Kelbessa & Demissew, 2014). Lulekal et al. (2011) reported that 413
types of wild edible plants are consumed in Ethiopia. Despite these facts,
studies on the biochemical composition of Ethiopian WEPs are limited
(Lulekal et al., 2011). The biochemical composition and antioxidant
activity of the wild edible plants in the study area have not yet been
investigated until today. This current study attempts to fill the gap by
documenting three nutritionally valuable wild edible plant species,
which will contribute to the management plan for conservation and
sustainable use of these plants in the area. Similarly, insufficient atten-
tion is given to research on the dietary values and anti-nutritional factors
of WEPs in the Soro District, central Ethiopia. Therefore, this research
aimed to evaluate the nutritional values, antioxidant activity and
anti-nutritional factors of three most consumed wild edible plants
(Amaranthus dubius/synonym of Amaranthus dubius), Landolphia
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buchananii, and Oncoba spinosa) in the Soro District, Ethiopia.
2. Methods and materials
2.1. Description of the study area

The study was conducted in Soro District, Hadiya Zone, Ethiopia
(Fig. 1). The study area is one of the 15 Districts of the Hadiya Zone,
including 33 kebeles (which are the smallest administrative units). Of
the total 287, 589 population of 143, 835 were men and 143, 754 were
women (SDFPEDO, 2020). With an average land tenure of 0.5-2.5
hectares per farmer household, mixed agriculture provides the primary
means of subsistence for about 85% of the District's inhabitants. Civil
servants make up 10% of the population, merchants make up 3%, and
others make up 2%. The majority population (87.42%) lived in rural
areas, and the remaining 12.58% lived in urban areas (SDFPEDO, 2020).

The District is located 264 km away from the capital city, Addis
Ababa in the southwest direction and found between 37° 20' 0" to 37° 47'
23'E longitudes and 07° 19’ 4" to 07° 33' 48" N latitudes with altitude
ranges from 799 masl to 2934 masl adapted by (Hankiso et al., 2023),
and the total land area of 36473.337 km?. Highlands (39.4%), midlands
(36.4%), and lowlands (24.2%) make up the majority of the district. The
average lowest and maximum temperatures of the study area are 12 °C
and 26 °C, respectively (SDFPEDO, 2020), and maximum annual rainfall
ranges between 900 and 1500 mm. The variations in altitude and fluc-
tuations in temperature, along with rainfall, support a diverse array of
plant species, making this an ideal location for investigating wild edible
plants.

The study area’s vegetation is primarily characterized by the Afro-
alpine belt (AA), dry evergreen Afro-Montane Forest, and grassland
complex vegetable types (DAF), which are habitats of diverse plant
compositions and diversity that include several nutritionally significant
wild edible plant species, according to the current vegetation classifi-
cation of Ethiopia (Friis et al., 2011). Calpurnia aurea, Clausena anisata,
Carissa spinarum, Clutia abyssinica, Euclea divinorum, Juniperus procera,
Olea europaea subsp. cuspidata, Maesa lanceolata, Rhus natalensis. In the
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Fig. 1. Map of soro district in central Ethiopia (former in Southern Nations, nationalities, and peoples' region /SNNPR) (Hankiso et al., 2023).
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District, forest patch of mountain Shonkola is characterized by the
presence of Lobelia giberroa and Erica arborea, which represent the
vegetation type of AA.

2.2. Plant sample selection

Three wild edible plants from Soro District, central Ethiopia, were
selected from the survey among 64 WEPs based on the highest values of
informant consensus, preference ranking, and fidelity level for their
most preferred edible parts as well as species commonly consumed in
Soro District (Hankiso et al., 2023). The edible parts of the plants are
shown in Fig. 2 (A, B, and C). Matured leaves with shoots of Amaranthus
tortuosus were collected from the community home garden (Fig. 2A). For
Landolphia buchananii, riped fruits of various exocarp colors were
collected from the agricultural land and riverine habitats (Fig. 2B). If the
fruit was partially matured, it was allowed to ripen fully within 3-5 days.
For Oncoba spinosa, ripened fruits with a light green color were collected
and allowed for 4-6 days until fully ripened (i.e., the color of the exocarp
gradually changed to dark brown) (Fig. 2C).

All plant specimens were identified by the first author (Mulatu
Hankiso). Also, all identifications were performed using the published
volumes (volumes I-VIII) of the Flora of Ethiopia and Eritrea and
comparing them with authentic specimens deposited in the National
Herbarium of Ethiopia (ETH), Addis Ababa University. Also, they were
checked at https://powo.science.kew.org/, and finally, taxonomic
identification of voucher specimens was confirmed by a senior plant
taxonomist (Ermias Lulekal and the National Herbarium Expert, AAU).
The plant specimens with their labels were finally deposited at the Na-
tional Herbarium (ETH) in Addis Ababa, Ethiopia.

2.3. Collection of selected plant samples

The triplicates of each edible parts of the selected WEPs were
collected from three sites, fresh leaves with young shoots of A. tortuosus,
fruit specimens of L. buchananii and O. spinosa were collected in
(September) and (June and April), 2021 respectively, from different
wild habitats in September, June, and April, 2021 respectively (Table 1).
The composite samples of triplicates were pooled for each fruit edible
plant species from different mother plants of the same species. Similarly
a bunches of the triplicate leaves with shoots were used. The samples
were collected at their optimal ripeness, free from disease, and handled
with care to prevent degradation during transportation and storage. In
addition, some partially ripened fruits were stored at room temperature
until fully matured. Unpeeled fruit samples of L. buchananii and
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using a digital refractometer optical prism (refractometer III, RFM-960,
BS). The refractometer was auto-calibrated using 2-3 drops of distilled
water. Five milliliters of the juice from L. buchananii and O. spinosa was
well homogenized and three drops were added to the prism and closed,
and the TSS was read directly according to Minuye (2021), and the re-
sults were recorded in °Brix.

3.2. pH

The ripened edible fresh fruits of L. buchananii and O. spinosa were
peeled, and 5 g mesocarp of each fruit was crushed and homogenized
with 100 mL deionized water to prepare the juice. The pH was deter-
mined directly with an auto-calibrated pH-meter (PHS-3DW, Campan
HINOTEK China) with automatic temperature adjustment. Additionally,
the pH of uncooked mature leaves of A. tortuosus was determined
(Holcroft & Kader (1999). The results were recorded in triplicates.

3.3. Proximate composition

Moisture, crude protein, crude fat, crude fiber, and total ash contents
were analyzed according to the methods of the Association of Official
Analytical Chemists (AOAC) (AOAC, 2016). Oven drying was used to
determine the moisture content (Genlab Thermal Engineers, Model:
0OV/125/SS/F/D/G/A, Serial No. 11B139, UK) according to protocol no.
AOAC. 965.17 at 105°C to a constant weight. Based on the nitrogen
content measurement (AOAC. 965:17), the protein content (N x 6.25)
was calculated using the Kjeldahl (INOK1160 Automatic Kjeldahl Pro-
tein/Nitrogen Analyzer) technique. The content of the fat was deter-
mined using a fully automated Soxhlet system, Soxtec™ 800 (AOAC
965:17; Barnstead Electro-thermal, Staffordshire, UK). The content of
crude fibre was determined according to AOAC (2016), while ash con-
tent was determined gravimetrically by heating the sample at 550°C for
4 hours in a muffle furnace until constant weight was achieved (Furnace
type CSF 12/130; Aston, AOAC, 2010). Total carbohydrate content was
calculated as follows (Eq. 1):

Total carbohydrate content (%) = 100 — — (Moisture + Total ash
+ Crude protein + Crude fat),
@

Amount of gross energy was calculated from the protein, fat, and
carbohydrate values (Eq. 2):

Gross energy (kcal /100 g) = 4 x protein (%) + 4 x carbohydrate (%) + 9 x fat (%) )

O. spinosa were washed in the field and laboratory to remove foreign
matter and debris. The fruits were then peeled, and the edible parts were
separated from the exocarp. Samples of peeled fruit and leaves were all
promptly refrigerated at-20 °C for 48 h, followed by freeze-drying (MINI
LYODEL, DIGITAL HI-PR-PIRANI GAUGE DHPG-222, HIND, HIVAC) for
72 h. The dried samples were ground to a sieve size of 0.5 mm using a
high-speed sample miller (Xian Siway Scientific Instrument Co., Ltd,
SIWAY), and stored in a plastic polyethylene bag in a deep freeze at -20
°C until analysis.

3. Methods
3.1. Total soluble solids (TSS)

The fruit juice’s total soluble solids (TSS) were measured in triplicate

3.4. Minerals

The concentrations of calcium, iron, and zinc were determined using
the official method of AOAC (2010).In summary, 2.5 g of the WEPs
powder were ashed for 4 hours at 550°C in a mulffle furnace. After the
ash was dissolved in 5 mL of 10 M HCI, the solution was subsequently
boiled. The digested sample was chilled or cooled, filtered, and adjusted
to the required volume using demineralized water. The mineral con-
centrations were determined by dissolving the ashed sample in hydro-
chloric acid, followed by analysis using atomic absorption
spectrophotometer (Perkin-Elmer AA 800, Perkin-Elmer Germany).

3.5. Vitamin C

The 2,6-dichloroindophenol titrimetric method (AOAC 967.21) was
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Fig. 2. Samples of vegetable and fruits (leaf and young shoot of Amaranthus
tortuosus (A), fruits (Landolphia buchananii (B), Oncoba spinosa (C)) from left to
right, respectively) of three wild edible plants collected from Soro District,
central Ethiopia.

used to quantify the amount of vitamin C present (Nielsen, 2017). A10 g
powder of the leaves of A. tortuosus, fruits of L. buchananii, and O. spinosa
was dissolved in 100 mL of distilled water with 3% metaphosphoric acid
in a 100 mL flask using an electric blender. The aliquot was then filtered
using a cheese cloth. Subsequently, 5 mL of the filtrate was titrated
against standard 2, 6-dichloroindophenol reagent. The initial blue color
disappeared, which indicated the titration's end point. The concentra-
tion of vitamin C concentration was calculated using Eq. 3.

S mg [V C*Mx*v*100]
Vitamin C (100 mL) " Wt. of dry sample 3)
where:
\Y% volume consumed (mL)
C concentration of the titrant (0.005 M)
M molecular weight of the titrant (g/ mol)
\ volume made up

3.6. Determination of anti-nutritional factors

3.6.1. Phytate content

Phytate content of WEPs was determined using the method described
by Latta & Eskin (1980). In brief, 10 mL of 2.4% HCl was used to extract
about 0.1 g of dried WEPs for 1 h at room temperature in a mechanical
shaker. The extract was then centrifuged at 15 x g for 30 minutes.

The clear supernatant was aged to estimate the phytate content. To 3
mL of the sample solution, 1 mL Wade reagent (with 0.03% FeCl3-6H;0
solution and 0.3% sulfosalicylic acid in water) was added and vortexed
(VM-300P, 815424, Taiwan) for 5 s. A UV-Vis spectrophotometer (Per-
kin Elmer, Lambda 950 UV/Vis/NIR spectrophotometer, CFS288, UK)
was used to measure the samples' absorbance at 500 nm. A series of
standard solutions containing 5, 10, 15, and 20 pg/ mL of phytic acid
(sodium phytate analytical grade) were prepared along with 2.4% HCI.
In a 15 mL centrifuge tube containing 3 mL of water, a 3 mL standard
was added as a blank. In each test tube, 1 mL of Wade reagent was
added, and the solution was vortexed for 5 s. The mixture was centri-
fuged at 15 x g for 10 min, and the absorbance of the solution was
measured by calibrating the spectrophotometer at 500 nm. Phytate
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content was determined using the Wade reagent, with results calculated
from the calibration curve of sodium phytate (Eq. 4).

ug ) = [(As — Ab) — [Intercept]] * 10

Phytic acid ( 100 mg Slope * W % 3 “)
where:

As sample absorbance

Ab blank absorbance

w sample weight (g)

10 aliquot

3.6.2. Condensed tannin content

The condensed tannin content of the WEPs was determined accord-
ing to the method described by Maxson & Rooney (1972). Briefly, 1 g of
powdered was weighed using a screw-cap test. The sample solutions
were extracted for 24 h at room temperature using 10 mL of 1% HCI in
methanol with a mechanical shaker. The solution was centrifuged at 1 x
g for 5 min, 1 mL supernatant was collected and 5 mL vanillin-HCI re-
agent was added. Weighing 40 mg of catechin, and 1% HCI was dis-
solved in 1000 mL of methanol stock solution. Test concentrations of
0.2, 0.4, 0.6, 0.8, and 1.0 mg/100 mL were used using 60 mg/100 mL
catechin. The stock solution was added to the test tubes in increments of
0.12, 0.24, 0.36, 0.48, 0.60, and 1.00 mL. The volume of each test tube
was adjusted to 1 mL with 1% HCI in methanol. Each test tube was
supplemented with 5 mL of vanillin-HCI reagent. Then, the absorbance
of the solution was measured at 500 nm using a UV-Vis spectropho-
tometer (Perkin Elmer, Lambda 950 UV/VIS/NIR spectrophotometer, at
the model: Llantrisant, CF728YW, UK). The condensed tannin concen-
tration was calculated using Eq. 5.

. mg [(As — Ab) — [Intercept]] * 10
Tannin (755°2) = Slope xd = W )
where:
As sample absorbance
Ab blank absorbance
d density of the solution (0.791 g/ mL)
w sample weight (g)
10 aliquot

3.6.3.0xalate. content determination

Using titration, the oxalate concentration of the WEPs was deter-
mined (AOAC, 2005; Ukpabi & Ejidoh, 1989). In a 250-mL conical flask,
1 g sample of freeze-dried and finely ground powder was digested using
75 mL of 3 M sulphuric acid (98%). Next, 10 mL of 6 M HCl was added,
shaken, digested for 1 h at 90 °C, and cooled. Distilled water was added
to the conical flask at a volume of 250 mL. The filtrate (25 mL) was
poured into the flask followed by the addition of 4 drops of methyl red
indicator solution, 1 mL of 6 M HCI, and a concentrated NH4OH solu-
tion, added drop by drop until the test sample solution was changed
from pink to yellow. The solution was heated to 90 °C and cooled. The
liquid extract was filtered and the precipitate containing ferrous ions
was extracted. A 10 mL of 5% CaCl, was mixed with the filtrate and
shaked.The solution was heated, and kept in refrigerator for a night at 5

Table 1
Ethnobotanical characterizations of three WEPs collected from Soro District, Ethiopia.
Local name Scientific name Family Ripening/ Parts used Use Code Locality Altitude
available time (masl)
Gude’e Amaranthus tortuosus Amaranthaceae ~ March to Leaves & young  Food, as MH-65 Weed of home garden and 2065
Hornem. December shoots vegetable A) agricultural land
Hoomba Landolphia buchananii Apocynaceae September to Fruit, Mesocarp Food, as fruit MH-147 Agricultural land and 2093
(Hall.f.) Stapf June (B) riverine
Itakkam Oncoba spinosa Forssk. Salicaceae September to Fruit, Mesocarp Food, as fruit MH-351 Forest patch 1900
kuukka April ©

masl: mean above sea level; MH: Mulatu Hankiso
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°C. After the solution was decanted and dissolved fully in 10 mL of 98%
H2S04, a total filtrate of 300 mL was titrated with a permanganate
solution (0.1 M) until the colour persisted for 15 to 30 s. The volume
consumed was recorded. The oxalate content was determined by the
following relationship: 1 mL of 0.1 M KMnO, solution equals 0.006303 g
of oxalate. Therefore, Eq. 6 was used to determine the percentage of
oxalate content in 100 g of the poweder.

Oxalate (g/100 g) = titre x 100/ W 6)
where:

w Weight of dry sample (g)

titre volume of titrant (KMnO,4) consumed (mL)

3.7. Bioactive compounds determination

3.7.1. Sample extraction for bioactive compounds and antioxidant capacity
determination

In brief, according to Addai et al. (2013), 5 g of powdered WEPs
dissolved in 50 mL (99.8%, v/v) methanol in 100 mL conical flask and
extracted for 24 h at 30 °C in a mechanical shaker at 150 rpm (Incubator
shaker, Co., Ltd: ZHWY-103B, Shanghai, P.R. China). The Whatman No.
1 filter paper was used to filter the supernatant and transfer it into a
250-mL conical flask. The extraction was repeated by adding 50 mL
methanol to the precipitates and placing them on a shaker for 2 h, fol-
lowed by filtration. The filtrates were collected and stored in a freezer at
4 oC until bioactive compounds such as phenols and flavonoids and
DPPH (2,2-diphenyl-1-picrylhydrazyl) antioxidant activity were
determined.

3.7.2. Total phenolic content determination

Total phenolic extracts were determined using the Folin-Ciocalteu
method (Musa et al., 2011; Singleton & Rossi, 1965). Crude extracts of
100 pL for the two fruits and 50 pL for the leaf and shoot edible parts
were mixed with 0.9 mL of methanol and 1 mL of Folin-Ciocalteu’s re-
agent. After 8 min, 1 mL of saturated sodium carbonate solution, (7.5 %,
w/v in water) was dissolved to form a mixture, and the volume was
made up to 10 mL using distilled water. In order to measure the
absorbance at 765 nm using a UV-Vis spectrophotometer (Perkin Elmer,
Lambda 950 UV/Vis spectrophotometer, model: Llantrisant, CF728YW,
UK) against the reagent blank, the reaction mixture was vortexed and
kept in the dark for 30 min at room temperature. In 1 mL of methanol
62.5 mg gallic acid was dissolved and a stock solution was prepared. In
methanol various concentrations (0.02, 0.04, 0.06, 0.08, and 0.10
mg/mL) of gallic acid were prepared. All determinations were per-
formed in triplicate. The TPC (total phenolic content) was expressed in
GAE (gallic acid equivalents) per gram of dry weight of each extract (Eq.
7).

TPC (mg GAE/ g) = CI);—V @

where:

TPC total phenolic content

GAE gallic acid equivalent

C gallic acid concentration obtained from standard curve (mg/
mL)

\Y% volume of extract solution (mL)

m weight of the dry extract (g)

3.7.3. Total flavonoid content determination

The aluminum chloride colorimetric method was used to determine
the total flavonoid content of the WEPs samples (Chandra et al., 2014;
Pourmorad et al., 2006; Ribarova et al., 2005). Stock quercetin solution
(mg/ mL) was prepared by dissolving 12.5 mg quercetin in 50 mL
methanol. Standard solutions of quercetin were prepared by serial
dilution in methanol (0.025, 0.050, 0.075, 0.100, and 0.125 mg/ mL).
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The sample extract was separately mixed with 1 mL of 2% alimunium
chloride, and 0.03 mL of sample was mixed with 0.97 mL of methanol.
After mixing the solution (1 mL) was incubated for 10 min at room
temperature. The absorbance of the reaction mixtures was measured at
415 nm against a blank using a UV-Vis spectrophotometer. The amount
of flavonoids in each mixture was calculated using the formula quercetin
equivalent (QE)/g extract (Eq. 8).

TFC (mg QE/ g) = % (®)
where:

TFC total flavonoid content

QE quercetin equivalent

C quercetin concentration from standard curve (mg/ mL)

\Y% volume of extract solution (mL)

m weight of the dry extract (g)

3.7.4. Antioxidant capacity determination

3.7.4.1. DPPH. The assay of DPPH radical scavenging capacity of the
WEP extract was determined according to the method described by Etim
et al. (2015). Briefly, 50 mg/ mL crude extract of WEP samples was
serially diluted in to the concentrations of 20, 40, 60, 80, and 100 pg/
mL with methanol. In each solution, 4 mL of 0.1 mM DPPH in methanol
was added, and the solution was kept at room temperature in the dark
for 30 min. Using 517 nm, the absorbance was measured at a UV-Vis
spectrophotometer. As a blank solution, 1 mL of methanol and 3 mL
of working DPPH solution were utilized. To determine, the results were
compared to the same doses of standard ascorbic acid to calculate the
percentage of DPPH inhibition (Eq. 9).

A blank — A sample

A blank +100 ©

DPPH(% of inhibition) =

where:
A blank absorbance of control
A sample absorbance of sample

3.7.5. The statistical analysis

Results are expressed as mean + standard deviation. Significant
differences in mean values were determined at p<0.05, using one-way
analysis of variance (ANOVA) and Duncan’s multiple range test. Partly
paired t-tests were used to compare the mean differences at p<0.05. All
analyses were carried out in triplicate and analyzed using the SPSS
software (version 22.0; SPSS Inc., Illinois, USA).

4. Results and discussion
4.1. Physico-chemical characteristics

The physico-chemical characteristics of A. tortuosus, L. buchananii,
and O. spinosa collected from the Soro District, Ethiopia are reported in
Table 2. The three WEPs were identified either in the field or at the
National Herbarium ETH at Addis Ababa University. The edible parts of
these plant species are shown in Fig. 2. The average total weight of
L. buchananii and O. spinosa were 541 g and 1049 g, respectively
(p<0.05). A highly significant difference was observed in the seed and
mesocarp weights of the two fruits, which were (162 and 667) g and (84
and 450) g respectively (p<0.05). O. spinosa had the highest values of all
physical parameters measured, including the weight of the exocarp
(p<0.05) (Table 2). The fruit can resist decay by fungi and bacteria due
to the hard, thick exocarp, thus assuming fit for rural areas with less or
no facilities for fruit preservation technologies (Doyle, 2009). At the
ripening stage, its fruit exocarp gradually changed from a slight green
color to a dark-brown, and the color of the pulp also changed from a
slight yellow to a dark-brown. At the ripening stage, the fruit and pulp
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Table 2
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Physico-chemical characteristics of Landolphia buchananii and Oncoba spinosa collected from Soro District, Ethiopia.

Wild edible plant Total weight (g) Exocarp weight (g)

Seed weight (g)

Mesocarp weight (g) TSS (°Brix) Fresh fruit pH

541.0 + 54.0
1049.4 + 237.3*

331.7 £ 56.6
399.8 + 1.6*

Landolphia buchananii
Oncoba spinosa

161.9 &+ 80.9
667.4 + 56.0*

83.7 + 36.8
449.6 + 332.4*

2.4+0.2
8.4 £+ 0.4*

4.5+0.1
5.5 £ 0.2*%

Data were expressed as the mean + standard deviation (n=3 independent composite samples). *Mean values within a column are significantly different using paired t-

test at p<0.05.

color of L. buchananii changed from white latex to slightly white,
whereas the latex disappeared gradually. The fruit contains bean-sized
seeds. The Amaranthus tortuosus is a WEP with a dark-green color,
relatively broad leaves, and young shoots, which is commonly used as a
vegetable by the local community.

The TSS and pH of the fresh juice from L. buchananii and O. spinosa
were (2.36 °Brix, 4.53) and (8.37 °Brix, 5.53), respectively (p<0.05).
The TSS of O. spinosa fruit juice (8.37 0Brix) is comparable to that of
certain cultivated fruit juices, such as papaya (Carica papaya) (10.3
OBrix) (Minuye, 2021), and some wild edible fruits of Hippophae salici-
folia (10.80 °Brix) and Berberis aristata (10.96 °Brix) (Singh et al., 2023).
Some wild edible fruits had higher TSS than this value; for instance,
Malus baccata, Pyrus pashia, Ramaria botrytis, and Prunus cornuta had a
respective TSS content of 23.77, 21.80, 20.06, and 18.53 °Brix in the
northwest Himalaya, India (Singh et al., 2023). In a similar study, a
lower TSS (6.13 °Brix) was reported than that in the current study of
O. spinosa.

4.2. Proximate composition

The proximate compositions of the three WEPs, leaves and shoots of
A. tortuosus, fruits of L. buchananii, and O. spinosa are presented in
Table 3. The fresh and raw leaves and shoots of A. tortuosus and fruits of
L. buchananii and O. spinosa had moisture contents of 85, 79, and 59 g/
100 g, respectively (p<0.05). The total ash content of the two fruit
samples (O. spinosa and L. buchananii, respectively) was 6.6 and 3.0 g/
100 g (p<0.05); in contrast, the leaf sample had a significantly higher
amount of 20.60 g/100 g compared to the fruits (p<0.05). Adamu et al.
(2022b) reported a high amount of ash (15 g/100 g) in A. hybridus leaf.
Similarly, the content of crude protein in A. tortuosus was significantly
higher than that of fruit samples (33.77 g/100 g) (p< 0.05). The protein

Table 3
Proximate composition of Amaranthus tortuosus leaves and shoots, Landolphia
buchananii, Oncoba spinosa fruits collected from Soro District, Ethiopia.

Proximate Amaranthus tortuosus Landolphia Oncoba
composition (leaf and shoot) buchananii (fruit) spinosa
(fruit)
Moisture (fresh 84.80 £ 0.56" 79.07 + 2.15° 59.53 +
sample) (g/100 g) 1.82¢
Moisture (g/100 g) 5.80 + 0.38° 11.33 + 0.58° 12.75 +
0.25%
Total ash (g/100 g) 20.60 + 0.28° 3.00 + 0.28° 6.60 + 0.28"
Crude protein (g/100 33.77 + 0.00% 8.31 + 0.12° 5.51+ 0.37¢
)
Crude fat (g/100 g) 5.50 + 0.297 3.67 + 0.76" 3.00 + 0.50¢
Crude fiber (g/100 g) 9.60 + 1.6% 8.03 + 0.40° 6.05 + 0.02°
Total carbohydrate 33.67 + 1.02¢ 74.02 + 1.60% 72.14 £
(g/100 g) 1.16°
Utilizable 24.07 + 1.03" 65.99 + 1.56% 66.09 +
carbohydrate (g/ 1.172
100 g)
Energy (kcal/100 g) 283.70 + 1.57¢ 330.23 + 2.44% 313.;10 +
2.04

Data were expressed as the mean + standard deviation (n=3 independent
composite samples) on a dry basis (except for fresh sample moisture determi-
nation). Mean values within a row with different superscripts indicate signifi-
cant differences at p<0.05, using one-way analysis of variance (ANOVA), in
mean comparisons using Duncan’s multiple range test.

content in Amaranthus tortuosus was significantly higher than that of
common legumes, which typically contain 20-25 g/100g. A lower crude
protein content of 17.63 g/100 g in the leaf of A. hybridus was reported
by Adamu et al. (2022b). Relatively higher crude protein content in the
leaves of Ethiopian WEPs of Erucastrum abyssinicum, Erucastrum arabi-
cum, Urtica simensis (33.63, 30.15, 30.55 g/100 g) respectively was re-
ported by Adamu et al. (2022b). Apparently, the groups of plants might
contribute to protein intake in areas with the lowest intake. In fact, these
WEPs in this study offer relatively higher protein contents than culti-
vated vegetable crops such as Brassica oleracea (1.1-2.7 g/100 g), Bras-
sica carinata (2.5-2.8 g/100 g), and Allium sativum (1.0-4.5 g/100 g)
(Getachew et al., 2013).

The crude fiber content in WEPs ranged from 6.05-8.03 g/100 g
(p<0.05) (Table 3). This range is lower for plant-based foods. Similarly,
Adamu et al. (2022b) reported 6.21 g/100 g crude fiber content in the
leaves of A. hybridus. In the present study, the crude fat content of the
WEPs ranged from 3.0-5.5 g/100 g (p< 0.05). Total carbohydrate con-
tent was 72.14, 74.02, and 33.67 g/100 g in the O. spinosa, L. buchnanii
(fruits), and A. tortuosus (leaves and shoots) respectively (p<0.05). The
carbohydrate content of the two fruit samples was comparable with the
content in WEPs like Pachycymbium laticoronum (60.5 g/100 g), har-
vested from Southern Ethiopia (Uyoh et al., 2013). According to Blessing
et al. (2011) and Afolayan & Mbaebie (2010), the total carbohydrate
content in the WEPs of this study is higher than the values in cultivated
fruits like papaya (9.81 g/100 g), pineapple (11.82 g/100 g), guava
(14.3 g/100 g), mango (17.00 g/100 g), and banana (22.84 g/100 g).

The caloric values in the leaves and shoots of A. tortuosus, fruit of
L. buchananii, and O. spinosa were 284, 330, and 313 kcal/100 g
respectively. Diets with energy densities greater than 1 kcal/g or even 2
kcal/g may help children who are experiencing hardship consume an
appropriate amount of energy and avoid waste during food insecurity
(Mahapatra et al., 2012). Thus, the WEPs in this study will significantly
contribute in mitigating such forms of malnutrition, particularly during
the lean season.

4.3. Mineral composition

The contents of the macro-mineral (calcium) and microminerals
(iron and zinc) in the three WEPs from Soro District, Ethiopia are re-
ported in Table 4. The calcium content in the fruits of L. buchananii and
O. spinosa was 86.83 mg/100 g and 88.02 mg/100 g, respectively,

Table 4
Mineral contents of Amaranthus tortuosus leaf and shoot, Landolphia buchananii,
and Oncoba spinosa fruits collected from Soro District, Ethiopia.

Oncoba
spinosa (fruit)

Amaranthus tortuosus
(leaf and shoot)

Minerals Landolphia

buchananii (fruit)

Calcium (mg/  1059.50 + 2.20° 86.83 + 0.33" 88.02 + 0.33"
100 g)

Iron (mg/100  34.22 + 0.07% 3.10 + 0.03° 2.10 £ 0.01°
g)

Zinc (mg/100  5.01 + 0.02° 2.90 + 0.03° 1.26 4+ 0.01°
g)

Data were expressed as the mean + standard deviation (n=3 independent
composite samples) on dry basis. The mean values within a row with different
superscripts indicate significant difference at p<0.05, using one-way-analysis of
variance (ANOVA), in mean comparisons using Duncan’s multiple range test.



M. Hankiso et al.

whereas the leaves and shoots that were edible had the highest content
in A. tortuosus (1059.50 mg/100 g) at p<0.05. The calcium content of
L. buchananii (86.83 mg/100 g) is closely comparable with the content in
the WEP Crocus sativus, 86.25 mg/100 g in Morocco (Ibourki et al.,
2022), and lower than the content in Ziziphus spina-christi collected from
Ethiopia (339.5 mg/100 g) (Duguma, 2020). Adamu et al. (2022b) re-
ported lower calcium content than in the present study (59.94 mg/100
g) in the dried leaves of Amaranthus hybridus. But (Duguma, 2020) re-
ported a higher calcium content of 3029 mg/100 g in Amaranthus
graecizans collected from Ethiopia. In other leafy WEPs, including the
wild edible plant species Erucastrum abyssinicum, Erucastrum arabicum,
Haplocarpha rueppelii, Haplocarpha schimperi, and Urtica simensis,
macronutrient content (calcium) was reported between the range of
44-60 mg/100 g (Adamu et al., 2022b). In this current investigation,
calcium content in the leaves and shoots of A. tortuosus was much higher
than that reported previously but much less than that of Amaranthus
graecizans. This may be because of various environmental and genetic
factors.

The iron concentration in the three WEPs was 34.22, 3.10, and 2.10
mg/100 g respectively in A. tortuosus, L. buchananii, and O. spinosa
(Table 4) (p<0.05). The iron content of A. tortuosus leaf and shoot was
significantly higher. The dried edible leaf of Amaranthus hybridus had
19.3 mg/100 g of iron (Adamu et al., 2022b) and from the other
Amaranthus species A. graecizans was 18.81 mg/100 g Duguma (2020).
The iron content of the WEPs in this study is comparable with the
content in other WEPs investigated from Southern Ethiopia (i.e., 1.9
mg/100 g in Ximenia caffra, 22.0 mg/100 g in Launaea intybacea) (Uyoh
et al., 2013). Thus, with this study, one can assume that the WEPs could
be a suitable dietary source of iron, providing 0.11-1.90 times the adult
recommended daily allowance (RDA) of 18 mg/day; nevertheless,
further evaluation of their bioavailability may need to be necessary
(Azene & Molla, 2017; Khan et al., 2011). The zinc content in
A. tortuosus, L. buchananii, and O. spinosa was 1.26, 2.90, and 5.01
mg/100 g (p<0.05) (Table 4). Adamu et al. (2022b) reported a zinc
concentration of 8.35 mg /100 g in dried leaves of Amaranthus hybridus.
But a lower iron content in Amaranthus graecizans leaves (2.3 g /100 g)
was reported by Duguma (2020). Overall, the leaves and shoots of
A. tortuosus had the highest concentrations of calcium, iron, and zinc
among the three WEPs (Table 4).

4.4. Determination of anti-nutritional factors

The phytate, oxalate, and tannin contents of the three WEPs from
Soro district are reported in Table 5. The oxalate concentrations in the
two fruit samples were 0.40 and 8.66 mg/100 g respectively for
L. buchananii and O. spinosa (p<0.05). Oxalate content in the leaves of
A. tortuosus was 1.43 mg/100g. The oxalate content in the leaves of
WEPs collected in Lasta district, Ethiopia were Amaranthus hybridus
(5.13), Erucastrum abyssinicum (11.73), Erucastrum arabicum (5.13),
Haplocarpha rueppelii (9.09), Haplocarpha schimperi (5.57), Urtica

Table 5
Anti-nutritional factors of Amaranthus tortuosus leaf and shoot, Landolphia
buchananii, and Oncoba spinosa fruits from Soro District, Ethiopia.

Anti-nutritional Amaranthus tortuosus Landolphia Oncoba

factors (Leaf and shoot) buchananii (Fruit) spinosa (Fruit)

Phytate (mg/ 0.47 £ 0.00° 0.74 + 0.34° 0.89 £ 0.02%
100 g)

Oxalate (mg/ 1.43 + 0.16" 0.40 + 0.04° 8.66 + 0.16"
100 g)

Tannin (mg/100  29.11 + 0.19¢ 46.71 £ 0.15% 35.63 + 0.26"
g)

Data were expressed as the mean =+ standard deviation (n=3 independent
composite samples) on a dry basis. The mean values within a row with different
superscripts indicate significant differences at p<0.05, using one-way analysis of
variance (ANOVA), in mean comparisons using Duncan’s multiple range test.
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simensis (5.13) mg/100 g (Adamu et al., 2022a). The oxalate content in
the leaf of A. tortuosus was lower than these values. Accordingly, it was
the highest in licorice root (Glycyrrhiza glabra; 3569.3 mg/100 g), blue
fenugreek (Trigonella coerulea; 1245.9 mg/100 g) and white beans
(Phaseolus vulgaris L.; 547.9 mg/10 g), in sweet potatoes (I[pomoea
batatas, 495.6 mg/100 g), cocoa powder (Theobroma cacao, 619.3
mg/100 g), in okra (Abdelmoschus esculentus, 317.2 mg/100 g). The
oxalate content of the WEPs in this study was much lower than these
values. Oxalate-containing foods enhance the formation of kidney
stones, cause irritation of the tongue, and decrease calcium absorption
(Fekadu et al., 2013).

The phytate content in O. spinosa, L. buchananii, and A. dubius was
0.89, 0.74, and 0.47 mg/100 g, respectively (p<0.05). The phytate
content in the leaves of WEPs collected in Lasta district, Ethiopia, was
Amaranthus hybridus (0.08), Erucastrum abyssinicum (0.03), Erucastrum
arabicum (0.17), Haplocarpha rueppelii (0.17), Haplocarpha schimperi
(0.17), Urtica simensis (0.08) mg/100g (Adamu et al., 2022a). The
phytate content in the three WEPs in this study was higher than these
values. Phytic acid interferes with daily functions of the human body,
including digestion and protein breakdown (Schjgnning et al., 2004).
Nutritional problems such as osteomalacia and rickets are associated
with over consumption of meals with high phytate-rich diets. However,
this anti-nutrient can be rapidly gotten rid of by soaking, boiling, and
cooking (Ekop and Eddy, 2005). The tannin contents in A. tortuosus, L.
buchananii, and O. spinosa was 29.11, 46.71, and 35.63 mg/100 g,
respectively (p<0.05). While the anti-nutrient content in these plants is
within safe levels for consumption, and increases bioavailability of
minerals like calcium absorption and also important to against human
health problems (Fekadu et al., 2013), further research is needed to
assess its bioavailability and potential impact on nutrient absorption.

4.5. Bioactive compounds

4.5.1. Determination of total phenolics and flavonoids

The leaves and shoots of A. tortuosus, fruits of L. buchananii, and
O. spinosa had total phenolic content of 114.45, 171.39, and 115.45 mg
GAE/100g, respectively (Table 6). The total phenolic content in the
leaves of six WEPs collected from northeastern Ethiopia was within the
range of 0.79 (Urtica simensis) to 17.02 mg GAE/100g (Haplocarpha
rueppelii) (Adamu et al., 2022a). In the same report, Amaranthus hybridus
leaves had a total phenolic content of 13.13 mg GAE/100 g. This is a
much lower value than that obtained in the current study within the
same genus. It has been demonstrated that the high phenolic content of
WEPs is beneficial in the prevention of a number of chronic diseases
(Asami et al., 2003).

The leaf and shoot of A. tortuosus, fruits of L. buchananii, and
O. spinosa had total flavonoid content of 81.70, 132.43, 74.17 mg QE/
100 g (Table 6), respectively. The total flavonoid content in the leaf and
young shoot of six WEPs collected from northeastern Ethiopia was

Table 6

Total phenolic and flavonoid contents of Amaranthus tortuosus leaf with shoot,
Landolphia buchananii, and Oncoba spinosa fruits were collected from Soro Dis-
trict, Ethiopia.

Oncoba
spinosa (fruit)

Amaranthus tortuosus
(leaf and shoot)

Bioactive
compounds

Landolphia
buchananii (fruit)

TPC (mg GAE/  114.45 + 4.29° 171.39 + 11.25° 115.45 +
100 g) 0.10°

TFC (mg QE/ 81.70 + 2.16" 132.43 + 19.61° 74.17 + 6.84°
100 )

Data were expressed as the mean + standard deviation (n=3 independent
composite samples) on a dry basis.The mean values within a row with different
superscripts indicate significant differences at p<0.05, using one-way-analysis
of variance (ANOVA), in mean comparisons using Duncan’s multiple range test.
TPC: total phenolic content; TFC: total flavonoids content; GAE: gallic acid
equivalent; QE: Quercetin Equivalent
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within the range of 2.27 (Rumex nervosus, young shoots) to 7.12 mg QE/
100g (Amaranthus hybridus) (Adamu et al., 2022a). These values are
significantly lower than those reported in the present study. This di-
versity makes WEPs a potential candidate for the research of antioxi-
dants (Kwinana-Mandindi, 2015). Flavonoids may prevent membrane
lipids from oxidizing because of their antioxidant and free radical
scavenging properties (Williams et al., 2004).

4.5.2. Antioxidant activity

4.5.2.1. DPPH assay of radical scavenging activity. The DPPH free
radical scavenging activity of the WEPs was estimated by comparison
with a conventional ascorbic acid standard. Apparently, with all the
extracts as concentration increased the DPPH scavenging capacity also
increased (Table 7). At 200 pg/ mL concentration, the highest percent-
age of inhibition was observed for ascorbic acid (96.42%), followed by
L. buchananii (94.63%), O. spinosa (77.37%), and A. tortuosus (66.85%).
Methanolic extract of L. buchananii fruit showed the highest inhibition
percentage, which was comparable to that of ascorbic acid. In one of the
WEPs in northeastern Ethiopia, Rumex nervosus young shoots, Adamu
et al. (2022a) reported a 97.30% inhibition of DPPH at 200 pg/mL. At
the same concentration, Amaranthus hybridus seeds showed the lowest
percent of inhibition recorded (52.31%). Similarly, in the present study,
the lowest inhibition was observed with the extract of leaves and shoots
of A. tortuosus. The extracts of IC50 values from A. tortuosus, L. bucha-
nanii, and O. spinosa were 124 pg/mlL, 84 pg/mL, and 125 pg/ mlL,
respectively (Table 7). The L. buchananii extract had an IC50 value (84
pg/ mL) comparable to that of an ascorbic acid (82 pg/ mL). The com-
parable IC50 values suggest that L. buchananii may be a potent source of
antioxidants, similar to ascorbic acid, which is a well-known
antioxidant.

4.5.3. Vitamin C

Among the WEPs under investigation, there was a significant varia-
tion in vitamin C content (p 0.05), as shown in Table 8. The results
indicated that the fruit of L. buchananii had the highest vitamin C content
of 43.15 mg/100 g (p<0.05) followed by A. tortuosus and O. spinosa 26
mg/100 g at p>0.05. Adamu et al. (2022b) reported vitamin C content
of 70.42 mg/100 g in leaves of the WEP Erucastrum abyssinicum collected
from North Eastern Ethiopia. According to the same report, the leaves of
Amaranthus hybridus had 33.09 mg/100 g vitamin C, while Rumex
nervosus leaves showed the lowest vitamin C content of 2.16 mg/100 g.
The highest vitamin C content (44.4 mg/100 g) of L. buchananii plant
species was comparable to that in cultivated fruits such as papaya
(Carica papaya L.) (44.61 mg/100 g) (Minuye, 2021). Thus, one can
assume that the WEPs under investigation are potential sources of
vitamin C in Soro District to play a role in prevent of vitamin C
deficiency-related diseases (Santos et al., 2016).

5. Conclusions

The WEPs (leaf and shoot of A. tortuosus, fruit of L. buchananii, and
O. spinosa) in this study had relatively higher protein and total carbo-
hydrate contents than cultivated vegetable crops. Additionally, the
WEPs had high energy density (calorific value) that can contribute to
adequate energy intake. Specifically, the leaf/shoot of A. tortuosus had
the highest ash and protein contents among the WEPs investigated. As a
result, the highest iron and calcium contents were in the leaf/shoot of
A. tortuosus. The amount of iron in the leafy WEP can contribute
significantly to the adult recommended daily allowance. The oxalate
content in the WEPs was lower than in previous reports. In contrast, the
total phenolic and flavnoid contents of the WEPs were higher than in
previous reports. Thus, the extracts of the WEPs had increased free
radical inhibition with increased concentration. Specially, the
L. buchananii extract had comparable IC50 value with ascorbic acid in
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Table 7

DPPH free radical scavenging activities of Landolphia buchananii, Oncoba spinosa
fruits and Amaranthus tortuosus leaf and shoot collected from Sor District,
Ethiopia.

Concentration Ascorbic A. tortuosus L.buchananii O. spinosa
(pg/ mL) acid (leaf and shoot)  (fruit) (fruit)
Inhibition %
20 17.41 + 14.49 + 0.01° 13.49 + 9.96
0.03° 0.03° +0.02¢
40 28.09 + 21.70 + 0.02° 46.33 + 16.89
0.09° 0.03° +0.03¢
80 48.46 + 39.35 + 0.05¢ 53.42 + 34.78 +
0.06" 0.02° 0.044
120 74.77 51.66 + 0.20° 63.75 + 50.18 +
+0.10° 0.05" 0.10¢
160 96.18 + 66.63 + 0.03° 82.10 + 62.41 +
0.10° 0.10° 0.40¢
200 96.42 + 66.85 + 0.05" 94.63 + 77.37
1.00¢ 2.00¢ +1.00%
ICso (ug/ mL) 82 124 84 125

Data were expressed as the mean + standard deviation (n=3 independent
composite samples) on a dry basis. The mean values within a row with different
superscripts indicate significant differences at p<0.05, using one-way analysis of
variance (ANOVA), in mean comparisons using Duncan’s multiple range test.

Table 8
Vitamin C content of Landolphia buchananii, Oncoba spinosa fruits and Amar-
anthus tortuosus leaf and shoot collected from Soro District, Ethiopia.

Wild edible plants Edible part Vitamin C content (mg/100 g)

Amaranthus tortuosus Leaf and shoot 26.42 + 0.00°
Landolphia buchananii Fruit 43.15 £1.25%
Oncoba spinosa Fruit 26.75 + 0.01°

Data were expressed as the mean + standard deviation (n=3 independent
composite samples) on a dry basis. The mean values within a column with
different superscripts indicate significant differences at p<0.05, using one-way
analysis of variance (ANOVA) in mean comparisons using Duncan’s multiple
range test.

scavenging DPPH free radical. Additionally, the fruit of L. buchananii
had the highest vitamin C content among the WEPs, which was com-
parable with the content in cultivated fruits. Therefore, these WEPs are
very important in contributing to energy and nutrient intake for the
people in Soro District, Ethiopia.These WEPs complement deficiencies
associated with the consumption of monotonous cereal grains of the
study area, and beyond. Thus, the WEPs can be targeted for further study
and new food product development. Furthermore, the more promising
WEPs can also be considered candidates for cultivation geared to dietary
food source diversification, which support nutrition-sensitive agricul-
ture and conservation priority underutilized plant crops.
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