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Background

 Food and nutrition security (FNS) are among the most basic of human 
needs and must be central to the post 2015 development agenda (Beyond 
2015, 2012)

 Increasing national agricultural production alone cannot improve food and 
nutrition security 

 It must be combined with 

Evaluation, selection and domestication

Wider utilization of under-utilized edible wild and traditional 
vegetables
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Background….cont’d

 Numerous wild edible plant species have been used by different 
communities in Ethiopia, mainly as supplement to conventional foods

( Addis et al., 2013)

 Benishangul-Gumuz region, one of the nine administrative regions of 
Ethiopia, is endowed with diverse vegetation types upon which 
communities in the region are highly dependent for their food, medicine 
and other livelihood uses (Awas, 2007; Giday et al., 2007)
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Background….cont’d

 Low fruit and vegetable consumption is the main contributor to 
micronutrient deficiency in developing world (WHO, 2005)

 Reduced dietary diversity in sub-Saharan Africa has mainly been attributed 
to the loss of traditional food systems (Bioversity International et al., 2006)

 Lack of nutritional and agronomic information

 Negative attitude towards under utilized wild and semi-wild 
vegetables

Termed  ‘food for the poor’

 Absence of policies to promote edible wild and semi-wild vegetables

 No study has been conducted on the traditional vegetables of the Gumuz 
community
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Objectives

 General Objective

 To understand the potential of selected wild and traditional vegetables to 
meet the nutrient requirements with a especial emphasis of micronutrients 

Specific Objectives

 To determine the proximate, minerals, β-carotene and ascorbic acid
compositions of selected vegetables

 To determine anti-nutrients and toxic principles in  selected vegetables

 To predict the bioavailability of selected minerals from study vegetables 

 To determine the retention and loss of nutrients and anti-nutrients following 
household preparation practices
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Methods

 Selection and collection of vegetable species

 Selection of species was based on ethnobotanical studies and their wider 
utilization by the community according to Habtamu et al. (2012) 

Abelmoschus esculentus (L.) Moench

Portulaca oleracea Linn.

Oxytenanthera abyssinica (A. Rich.) Munro

Dioscorea praehensilis (Benth.)

 Each species were collected at the time acceptable for consumption 

 Voucher specimens were verified by botanists from Bioversity
International and EPHI, and deposited in the National Herbarium of AAU
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Materials and Methods….cont’d

7



E=English name, B=berta, G=gumuz, Sh=shinasha, O=oromo

Methods…cont’d
Table 1: Selected wild and semi-wild vegetables, their status and parts used for 
consumption
Botanical Name Local Name Life form Cultivation

status

Parts used and form

of consumption

Abelmoschus

esculentus

(L.) Moench.

Okra (E)

Qenqetse (B)

Andeha (G)

Annual herb Cultivated Immature pods

-cooked and

consumed

-sun dried and

powdered

Dioscorea

praehensilis

Benth.

Wild Yam (E)

Echa(G,O)

Perennial herb Wild The tuber is boiled,

peeled and

consumed

Portulaca

oleracea L.

Posulane (E)

Bella(G)

Kawa (Sh)

Annual succulent

herb

Exist as

cultivated and

wild

Raw aerial part is

chopped with other

spices and eaten as

a vegetable stew

Oxytenanthera

abyssinica (A.

Rich.) Munro

Bamboo (E)

Enta (G)

Somo (O)

Tree (woody culms) Wild Young shoots are

peeled, cooked and

consumed
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Methods…cont’d
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Experimental design



Methods…cont’d
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 The information obtained from household interview on the ways of
processing the vegetables at the household level was used to
prepare the samples for chemical analysis in laboratory

Demonstrations were carried out for

each vegetables to gather

additional information on the food ways

Cooking 
bamboo at the 

field

Cooking 
bamboo in the 

lab



Methods…cont’d

Analytical methods

11

 The proximate compositions were determined following AOAC (2005) 

 Minerals (Ca, Zn, Cu, and Fe), were quantified using Shimadzu atomic absorption 
spectrophotometer (AA-6800/ “AA Wizard” software) equipped with air-
acetylene burner and hallow- cathode lamp

 Sodium and potassium were determined using flame photometer (Jenway, PF 7, 
Essex UK) according to the method described by AOAC 2005, 965.30

 Phosphorous was determined using spectrophotometer following AOAC (2005) 
method 970.39



Methods…cont’d

12

Extraction of β-carotene from fresh and processed 
samples followed the method of Rodriguez & Kimura 
(2004)

 Shimadzu HPLC 5µm-C18 column (LC solution GPC 
Software) and HPLC grade Acetonitrile, 
dichloromethane and methanol 70:20:10 (v/v/v) as a 
mobile phase was employed for β-carotene analysis

Ascorbic acid was determined spectrophotometrically
after extraction with trichloroacetic acid and oxidized to 
dehydroascorbic acid

The absorbance of red complex formed when coupled 
with 2,4 DNPH was measured at 520 nm (AL-Duais, 
2009)



Methods…cont’d
 Anti-nutritional factors

 The phytate content was determined using UV-Visible spectrophotometer as 
described by Vaintraub and Lapteva (1988)

 Condensed tannin was determined based on the method of Maxson and Rooney 
(1972) after extraction of tannin by 1%HCL in methanol and the absorbance was 
measured at 500nm  by UV-Visible sphectrophotometer

 The oxalate content of the samples was determined using titration  method by 
standardized KMnO4 as described by Munro and Bassiro (2000) 

 Hydrogen cyanide was determined as outlined in AOAC (2005) by titration with 
AgNO3 

 Total phenolics was determined in accordance with Folin_Ciocalteu method 
(Singleton et al., 1999) 

 The absorbance of the extract was read at 765nm using UV-Visible 
spectrophotometer (CECIL Instruments, Cambridge England, deuterium F 500mA, 
power T3. 15A) NNP related research finding dissemination 

workshop



Methods…cont’d

Prediction of mineral’s bioavailability
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 Ca]/[Phytate], [Phytate]/Fe], [Phytate]/ [Zn], [Phytate][Ca]/Zn], [Oxalate]/[Ca], 

ratios was calculated and rated against their respective critical values known to impair 

absorption of minerals in the body (Hassan, et al. 2011)

 The critical values suggested to impair the respective minerals are:

 calcium:phytate <6 (Morris and Ellis, 1989),

 phytate : iron > 1 (Hallberg and Hurrel., 1989),

 phytate : zinc >15 (Morris and Ellis, 1989),

 phytate : calcium/zinc> 0.5 (Davies et al., 1985; Bindra et al., 1986)



Methods…cont’d

Statistical analysis

 Descriptive statistics such as means and standards deviation were 
calculated using SPSS version 16 software

 One way analysis of variance (ANOVA) and paired t-test were used to see 
the mean difference of nutrient, anti-nutrient and molar ratios between 
household processing methods of the selected vegetables

 List significant difference (LSD) was used to compare the means and 
significance was declared at (P<0.05)
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Results and discussion
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Table 2:  Proximate compositions (g/100 g) and caloric values (Kcal/100g) of raw and processed study 
vegetables

Fb= Moisture is on fresh basis and all others are on dry basis; Plants forms: RAS=raw, CAS=cooked, SAS=   sundried;  
RDP=raw, CDP=cooked,  RPO=raw, ROA=raw, COA=cooked; Values are expressed as mean ± SD of three determinations; 
Mean values in the same column  corresponding to each species followed by different superscript letters were 
considered significant at p<0.05

Species, plant 

part

Moisture 

% Fb

Protein Crude fat Crude 

fiber

Total ash Total CHO Energy

Kcal/100g

A. esculentus, 

immature pods

RAS 89.1±0.4a 16.8±0.5b 1.13±0.1a 11.6±0.4b 8.7±0.29b 58.4±0.17b 309.1±2.6b

CAS 91.1±0.8b 16.3±0.24b 1.2±0.01a 10.7±0.15a 7.7±0.28a 59.58±0.5b 314.4±2.6b

SAS 88.9±0.1a 15.24±0.4a 1.2±0.05a 11.4±0.14b 9.4±0.99b 52.03±1.3a 281.3±4. 0a

D. praehensilis,

tubers

RDP 68.7±.4a 8.34±0.07b 0.25±0.1b 3.01±0.09b 4.1±0.59b 76.9±0.74a 343.3±3.2a

CDP 72.2±.4b 7.32±0.08a 0.06±0.01a 2.60±0.12a 1.4±0.12a 85.26±0.42b 370.9±1.7b

O. abyssinica, 

young shoots

ROA 91.1±0.6a 30.2±0.56b 6.9±0.44a 8.16±0.07a 11.4±0.9a 35.43±0.17a 316.7±5.3a

COA 94.1±0.27b 27.0±0.54a 7.6±0.17a 8.3±0.57a 11.5±0.2a 34.77±0.42a 313.3±1.7a

P. oleracea, 

aerial part
RPO 88.1±0.2 17.37±0.5 2.76±0.11 14.1±0.2 21.5±0.44 41.83±0.54 261.3±1.1



Results and discussion...cont’d
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Table 3: Minerals content (mg/100g, fresh basis) of raw and processed vegetables

RAS=raw, CAS=cooked, SAS=   sundried;  RDP=raw, CDP=cooked,  RPO=raw, ROA=raw,         COA=cooked; Values are expressed as mean ± SD 
of three determinations; Mean values in the same column for each species followed by different superscript letters were considered 
significant at p<0.05

Species Fe Zn Cu Ca P Na K

A. esculentus RAS 2.33±0.37b 0.68±0.04b 0.11±0.01b 131.7±8.3b 39.14±0.95b 7.82±0.28b 184.4±1.3b

CAS 0.68±0.08a 0.55±0.03a 0.08±0.01a 104.23±4.9a 36.28±.067a 4.4±0.29a 155.4±1.7a

SAS 2.58±0.16b 0.54±0.02a 0.08±0.01a 140.4±8.13b 51.85±0.34 c 7.51±0.92b 183.3±53.4b

D.

praehensilis

RDP 27.0±6.24b 0.46±0.02b 0.46±0.04b 43.19±2.0a 40.68±2.7b 8.94±0.54 b 341.16±3.6b

CDP 1.79±0.06a 0.29±0.06a 0.19±0.02a 40.74±6.8a 23.69±2.4a 5.88±0.75a 128.49±3.9a

O. 

abyssinica

ROA 0.64±0.02a 0.85±0.02b 0.11±0.01b 24.49±1.2a 57.27±0.94b 7.34±0.42b 456.2±12.3b

COA 0.6±0.06a 0.54±0.02a 0.07±0.01a 22.94±4.21a 39.7±1.89a 4.20±0.55a 273.2±1.

P. oleracea RPO 8.06±0.11 0.84±0.06 0.14±0.01 117.99±10.8 39.13±0.34 20.42±1.3 816. 3±11.7



Results and discussion...cont’d

Table 4:  minerals in some common vegetables (Umeta et al., 2005, Chongtham et al., 2011) and 
study vegetables
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Common vegetables and 

study vegetables 

Fe mg/100g Zn mg/100g Ca mg/100g K mg/100g P mg/100g 

Kale, boiled 4.6 0.71 221.4 491 57.0

spinach , raw 2.7 0.5 99.0 558 49.0

Sweet potato, boiled 0.70 0.3 23.8 337 53.0

Yam, boiled 0.8 0.58 18.6 816 55.0

A. esculentus, cooked 0.68 0.55 104.23 155.4 51.85

D. praehensilis, cooked 1.79 0.29 40.74 128.5 23.69

O. abyssinica, cooked 0.6 0.54 24.5 273.2 39.7

P. oleracea, 

chopped(raw)

8.06 0.84 118 816. 3 39.13



Results and discussion…..cont’d
β-carotene
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raw cooked sun dried raw boiled raw raw cooked

Abelmoschus esculentus Dioscorea
praehensilis

Portulaca
oleracea

L.

Oxytenanthera
abyssinica

1070.6 892.1

226.1

5879.2

220.3

β-carotene (µg/100g)

β-carotene was found to be very susceptible 

to sun drying than cooking

 Sun drying provides all the risks for β-

carotene oxidation  UV, heat and oxygen



Results and discussion...cont’d

Ascorbic acid

20

raw cooked sun dried raw boiled raw raw cooked

Abelmoschus esculentus Dioscorea
praehensilis

Portulaca
oleracea

L.

Oxytenanthera
abyssinica

25.78
21.1

10.75 9.5
2.9

60.41

30.07

21.7

Ascorbic acid
(mg/100g) Cooking significantly reduced 

ascorbic acid
ÅUV plays significant role in the 
oxidation of ascorbic acid to the less 
stable dehydroascorbic acid



Results and discussion...cont’d
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 Cooking and sun drying have significantly (P<0.05) reduced the ascorbic acid 
and β-carotene content in young pods of A. esculentus

 The loss of β-carotene might be due to the fact that carotenoids are heat labile 
compounds and undergo oxidation and degradation upon exposure to heat  
(Mortensen and Skibsted, 1997)

 The β-carotene level in P. oleracea obtained in this study is exceptionally high 
(5879.2 µg/100g DM) 



Results and discussion...cont’d
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Table 5:  Anti-nutritional composition (mg/100g, dry basis) of raw and processed vegetables

BDL= below detection limit, : RAS=raw, CAS=cooked, SAS=   sundried;  RDP=raw, CDP=cooked, 
ROA=raw, COA=cooked, RPO=raw; values are expressed as mean ± SD of duplicate independent 
determinations. Values in the same column corresponding to each species followed by different 
superscript are significantly different at p<0.05. *=expressed as D-catechin equivalent, 
#=expressed as mg gallic acid equivalent per gram

Species Code Total oxalate Phytate Tannins * Total

Polyphenols #

HCN mg/100g 

FW 

A. esculentus

RAS 449.3±4.7b 368.7±4.7b 3233.6±2.7c 55.7±0.34b BDL

CAS 392.47±2.3a 337.9±9.3a 2952.5±9.02a 53.4±0.3a BDL             

SAS 386.8±0.45a 369.7±1.8b 3137.8±5.9b 54.84±0.31b BDL

D. praehensilis RDP 261.24±2.31b 52.4±0.7a 9.1±1.3a 22.67±0.06b 13.52±.18b

CDP 67.1±0.47a 38±1.1a 4.98±0.74a 14.8±0.18a 7.02±.28a

O. Abyssinica ROA 398.3±2.36b 170.6±3.42a 11.26±1.17a 74.87±1.69b 22.99±.13b

COA 268.3±2.35a 159.2±1.02a 10.4±0.55a 63.70±1.67a 14.19±.03a

P. oleracea RPO 1470.4±1.4 989.8±4.75 363.7±19.5 36.4±0.2 BDL



Results and discussion...cont’d
Predicted bioavailability
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Table 6: contribution of the study vegetables to the RDA of some nutrients

*=AI, ** calculated from 125g FW

N
u

tr
ie

n
ts

RDA 
mg/day
(Adults)

Cooked 
A. Esculentus
(% RDA/500g 

FW)

Cooked 
D.praehensilis
(% RDA/500g 
FW)

Raw
p. oleracea
(% RDA/500g 

FW)

Cooked 
O. Abyssinica
(% RDA/500g 
FW)

Fe 10 34 89 100** 30

Zn 12 23 12.1 35.0 22.5

Ca 1000* 52.12 20.4 59.0 11.5

Vit C 90 10.55 4.5 40.3 7.2

Vit A 900 µg 
RAE/day

4.0 27.2
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 The nutritional evaluation study on young pods of Abelmoschus esculentus, 
aerial parts of Portulaca oleracea and juvenile shoots of Oxytenanthera 
abyssinica consumed by the Gumuz community, indicated that they are good 
sources of crude fiber, carbohydrate, gross energy, essential minerals, vitamins 
and phenolic compounds

 Although the statistical analysis of the results shows significant losses in 
vitamins and minerals as a result of cooking and sun drying, the amount of 
nutrients retained could be valuable especially in communities that have 
limited alternative sources of these micronutrients



Conclusion...cont’d
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 The predicted mineral bioavailability shows adequacy in terms of calcium and zinc 
(moderately bioavailable) but not in iron

 A decreasing trend of all antinutritional factors were observed in the processed 
vegetables

 In addition to be the a good sources of micro-nutrients, the underutilized 
vegetables studied were found to have high amount of total polyphenol, indicating 
the potential antioxidant activities of the vegetables

 This investigation can serve as a basis for selecting promising species for more 
detailed studies to meet the nutritional requirements and nutraceutical properties



Recommendations 
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 Emphasis is needed to promote locally available resources such as traditional, 
neglected and under-utilized vegetables with the value and potential to 
strengthen the entire agriculture-food-nutrition structure among the rural poor 
on the way forward to improve fruit and vegetable consumption

 The promotion of the study vegetables for wider utilization in Ethiopia is 
recommended to contribute in a food based strategy aimed at ameliorating 
micronutrient deficiency

 Since the availability and use of all the vegetables included in the present study 
are seasonal, preservation methods needs to be studied to ensure access 
through out the year

 Inclusion of the study vegetables in the agricultural and dietary system can 
significantly contribute in overcoming the micronutrient malnutrition
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