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ABSTRACT

Ethnobotanical studies have shown that many wild plant species are sporadically
consumed alongside regular food sources in developing countries. Many plants of
wild and semi-wild origin are consumed in the remote parts of southern Ethiopia.
Dietetic values of Ethiopia’s non-crop food plants, though important in prevention of
malnutrition and contribution to food security, remains shrouded for lack of chemical
information. The chemical composition of popularly used wild edibles in Hamar and
Konso (Xonso) of southern Ethiopia was examined. The most preferred 15 semi-wild
and wild edible plants were selected using a mix of standard ethnobotanical field
methods. Edible parts of target plants were collected with local participants,
lyophilized and analyzed for proximate composition, amino acids, minerals and anti-
nutritional factors. The wild edibles constituted good amounts of nutrients essential in
human diet. Green leafy vegetables (GLVs) gave 1.5-5.8% ether extractives and total
mineral composition of 12.5%-25.6%; Ca being highest (1100 - 3419 mg %) and
exceptionally high for Justicia ladanoides (6177 mg %). Fe, Mg, Mn and Zn ranged
from 11.7-23.14, 175-2049, 3.4-9.9 and 1.2-3.3 mg %, respectively. All GLVs
contained >20% protein, highest in Coccinia grandis (36.3%). The latter species and
Trigonella foenum-graecum vyielded high lysine level. Anti-nutrients of concern
include phenolics (158-1564 mg %) and tannins (448-2254 mg %) in GLVs and
phenolics (1997mg %) and tannins (6314 mg %) in Ximenia caffra fruits. Total
oxalates in mg % were high in Amaranthus graecizans (14067), Celosia argentea
(12706) and Portulaca quadrifida (10162). Bulk consumption of monotype edible
plant part in one meal may lead to nutritional and health impairment. However,
traditional processing methods lower most of the anti-nutritionals and their respective
risks. New food composition tables that integrate indigenous knowledge and
nutritional content of the semi-wild and wild edibles are recommended. Wild edibles
can be considered to improve livelihood security and reduce malnutrition in tune with
the Millennium Development Goals aimed at reducing poverty and hunger.
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INTRODUCTION

A serious challenge to human survival, particularly in the developing world, is the
ever growing gap between human population and food supply. Research and
development focused on the lesser known edible plants could assist in narrowing the
gap between population growth and food deficiency currently escalating in
developing countries. Ethiopia has been affected by recurrent drought and famine; but
the coping mechanisms were largely sourced from foreign aid rather than being
inward looking and development-oriented. Growing and using wild vegetables is an
opportunity that has never been adequately prospected to alleviate malnutrition and
ameliorate food insecurity.

On the other hand, hundreds of edibles including many vegetables of wild/semi-wild
origin are known to be sporadically consumed by rural communities in Ethiopia. A
recent book [1] included 378 wild plant species known to be consumed in parts of
Ethiopia with descriptions of many. Earlier sources, though scattered, presented about
the same number of species. The actual number of wild edible plants in Ethiopia is
expected to be more than the presently cited number given a large flora of more than
6000 species, many cultures and localities that as yet remain ethnobotanically
unexplored. The proportion of wild vegetables is known to be high and the degree of
consumption varies from one socio-cultural setting to the other [2]. Except in few
cases of south Ethiopian communities and some others, consumption of underutilized
edible plants, vegetables in particular, has often been looked upon as a sign of
poverty; largely a reflection of lack of knowledge on their nutritional benefits. Fast
regeneration of most vegetables under limited soil moisture and availability of the
perennial species all year round makes them capable of bridging the gap during food
shortages and famine situations experienced by rural communities [3-8].

Domesticated and non-domesticated green leafy vegetables (GLVs) have numerous
dietary and health benefits. They are inexpensive, easy to cook, and are rich sources
of macro- and micronutrients [9-12]. Regular consumption of vegetables is also
recommended for better health and management of chronic diseases such as
cardiovascular complications, diabetes and cancer [13]. Research has shown that
indigenous communities in East Africa have dietary additives of wild plant material
that contain antioxidants to degrade cholesterol from their traditional foods of meat,
milk and blood [14]. There are also concerns that higher intake of GLVs may increase
ingestion of anti-nutrients that impair bioavailability of nutrients such as tannins,
phytates and oxalates or directly cause illnesses or fatality such as haemolysis and
even death due to excessive ingestion of lectins [13]. Despite the actual and potential
benefits, research into the GLVs has to a large extent not been a priority concern in
Ethiopia; GLVs are yet to emerge as an area of focus in the development sector.

The ever widening gap between population growth and production of conventional
crops, recurrent food deficits, and higher prevalence of macro- and micronutrient
malnutrition with increasing cases of chronic diseases make diversification of food
sources a worthwhile endeavour wherein wild edibles claim their share. Aspirations
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of developing countries like Ethiopia to create healthy, productive and food and
nutrition secure communities could come true through effective application of
indigenous knowledge [15]. The objective of this study was to investigate nutritional
quality and anti-nutritional composition of the edible parts of most preferred
underutilized edible plants collected from Hamar and Konso of southern Ethiopia and
shed light on the correspondence relationship between ethnobotanical knowledge and
chemical information.

MATERIALS AND METHODS

The study area

This study was conducted in Hamar District (4°45' to 5°18' N, and 36°14' to 36%41' E)
about 900 km and Konso Special District (5°15' to 5°30' N, and 37°15' to 37°30" E)
about 600 km south of Addis Ababa in the southern region of Ethiopia. Both study
areas are located in the dryland part of the southern Ethiopian Rift Valley system and
the adjoining areas.

Selection of edibles and voucher specimen collection

Through an initial ethnobotanical survey of wild/semi-wild edible plants of Hamar
and Konso districts (2006-2009), detailed ethnobotanical knowledge was recorded
while collecting voucher specimens. Vouchers of wild edible plant species were
collected with knowledgeable local participants and the botanical determination was
made by the principal investigator using the various volumes of the modern Flora of
Ethiopia, and checking against identified specimens found in the National Herbarium
of Addis Ababa University (Ethiopia).

Preliminary selection of edible plant parts from five kebeles (lowest administrative
structure in Ethiopia) in each district was undertaken using focus group discussion
(FGD) where participants were requested to list down ten most preferred and most
consumed species of wild and semi-wild origin used by the community as GLVSs,
three used as fruits and three used as other. The target species for chemical analysis
were selected after obtaining detailed information through ranking and comparison
exercises and their edible parts collected. The overall community acceptance as food
of the plant part, preference and consumption by household members irrespective of
age, gender, and economic background were used as criteria for picking the target
edibles. For selection of edible plant parts, unlike the preference ranking technique
suggested by Martin [16], and used by many other researchers to rank using
individual participants, FGD technique was preferred and motivated to list the GLV
from the most liked to the least liked. The sum of the preference scores for each
edible part in each kebele was taken as overall rank in the respective study district.
Accordingly, among 240 edible plant parts mentioned in reference to the 206 edible
wild/semi-wild plant species determined earlier [2], 15 species consisting of edible
parts were finally selected based on combination of different criteria. The criteria
included 1) higher preference value of the edible parts in each district, 2) edibility of
the plant part for extended period of the year, 3) better harvesting value and ease of
collection, 4) wider distribution across different agroecological zones, 5) use during
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normal times, food scarcity and famine periods, 6) fast regeneration under trace
moisture and short life cycle, 7) availability of edible part during collection time, 8)
safety of the edible part as confirmed by informants, and 9) high value for Index of
Ingestion, a new index used to evaluate stomach fill and proximate nutritional benefit
from the edible part which is indicated as follows:

I :Mxloo
WO

Where Il is index of ingestion, WO is fresh weight of gross plant part that reaches the
oral cavity and W1 is fresh weight of plant part ingested or swallowed, literally this is
WO minus the inedible part discarded from the mouth. The value of Il before
converting to percentage scale ranges from little more than zero to one, and little
more than 0-100 in terms of percentage. Values near zero are indications of
insignificant level of ingestible material from the edible part, and values approaching
100 are indications for higher percent of the edible plant part available as per os for
ingestion. A method for estimating the proportion of actual ingested part from the
gross plant material available to bite or take into the oral cavity was lacking. This
index was developed in the course of the present research and used to compare the
ingestible portions of wild edible plants. For the sake of comparison, edible portions
of Coccinia grandis and Trigonella foenum-graecum which were collected from
Mysore, India were also considered for the analysis.

Edible plant part collection and processing

Edible parts of the 15 selected semi-wild and wild plant species were collected in the
morning hours (6.00 AM to 9.00 AM) from Hamar or Konso, the principal researcher
being guided by local participants. The collected materials were then washed using
running water, transported and stored under freezing condition at the Ethiopian
Health and Nutrition Research Institute in Addis Ababa. Samples were freeze-dried,
ground to fine powder in a mixer grinder and sieved through an 80 mm mesh. The
pulverized materials were stored in umber bottles and taken to Central Food
Technology Research Institute, Mysore, India for chemical analysis. The materials
collected from Mysore were also processed similarly.

Chemical analysis

Proximate composition, selected minerals and anti-nutritional factors of the
pulverized materials were determined using standard methods. Moisture, ash, fat and
crude protein were estimated using the methods of AOAC [17]. Crude fibre was
determined using the neutral detergent fibre estimation method [18] and
carbohydrates were obtained by calculating the difference (the sum of protein, fat, ash
and crude fibre on dry basis is subtracted from 100). Minerals, viz. calcium, iron,
magnesium, manganese, zinc and copper were estimated using AOAC official
methods 999.11/985.35 [17]. Anti-nutritional factors, viz. phenolics [19] and tannins
[20-22] were estimated spectrophotometrically as gallic acid and catechin
equivalents, respectively. Total oxalate was determined using HPLC [23]. Amino
acids were analysed by HPLC following the method of Bidlingmeyer and co-workers
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[24]. Tryptophan, methionine and cystine were not estimated due to their
decomposition by hydrolysis. Moreover, due to hydrolysis of asparagine and
glutamine during digestion, they were estimated in the pooled state as aspartic acid
and glutamic acid, respectively.

Statistical analysis of data

Descriptive statistical analysis was used to calculate means and SD. Correlation
analysis was made for determination of oxalic acid (standard) and peak area at the
selected HPLC conditions in order to see their positive linear relationships and
proceed to estimation of the oxalic acid contents of the edibles.

RESULTS

Nutritional composition of semi-wild and wild edibles

The 15 semi-wild and wild edible plants assayed belong to taxonomically wide
groups in 11 families and 15 genera (Table 1). They consist of 13 GLVs, one fruit and
a tuber-producing species. Nutritional compositions of the edible parts of these plants
are presented in Tables 2 and 3. Among the edible plant parts tested, aerial succulent
parts of P. quadrifida and P. laticoronum respectively contained moisture in the order
of 90.9% and 90.5% on fresh weight (fw) basis. Fruits of Ximenia caffra and leaves
of Balanites aegyptiaca have the lowest moisture content with 61.2% and 63.5%,
respectively. Ether extractive (fat and pigments) of A. gomboczianus tuber was the
least of all tested samples with 0.4% dry matter basis (dmb) followed by the
vegetables ranging from 1.5% in C. trilocularis to 5.5% in L. hastata. Ximenia caffra
has the maximum level of ether extractive (23.6% dmb).

Relatively high protein contents were recorded for C. grandis (36.3%), J. flava
(32.9%), C. argentea (32.7%) and P. insipidum (32.3%), while A. gomboczianus, P.
laticoronum and P. quadrifida have the least with 5.8, 8.1 and 19.6%, respectively.
Comparatively, the protein contents of C. grandis and T. foenum-graecum which
were collected from India were 28 and 28.7% dmb, respectively. The amino acids of
the latter two species, which were separated within 11.5 minutes in HPLC, were
further quantified. The detectable 19 amino acids including glutamine and asparagine
as glutamic and aspartic acids, respectively, are presented in Figure 1 and Table 5 in
the order of their elution. Both these vegetables (C. grandis and T. foenum-graecum)
are rich in essential amino acids. Tryptophan was not detected, methionine and
cystine were present in trace amounts and asparagine and glutamine were estimated
as aspartic and glutamic acids, respectively.
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Figure 1: Analysis of standard amino acids and vegetable hydrolysates

A = Standard amino acids; B = T. foenum-graecum, and C = C. grandis.
Chromatographic conditions are described in the text and numbers on peaks are
amino acids as described in Table 5

The highest ash (total minerals) content was recorded for the green vegetables
ranging from 12.5% in B. aegyptiaca to 25.6% in J. flava. The fruit (X. caffra) and
tuber (A. gomboczianus) were found to be poor sources of minerals with 5% and 6%
dmb, respectively. Among the minerals assayed in the present study, calcium was
predominant in all the vegetables followed by magnesium (Table 3). Exceptionally
high level of calcium was recorded for J. ladanoides (6177mg % dmb). The other
GLVs contained calcium levels ranging from 1100 in P. insipidum to 3419 mg % in
J. flava dmb. The level of magnesium in the GLVs ranged between 175 in C.
trilocularis to 2049 mg % dmb in A. graecizans. Launaea intybacea, J. ladanoides, J.
flava and P. quadrifida were found to have higher iron content of 22, 21.2, 20.6 and
20.1 mg % dmb, respectively, and C. grandis was the least with 13 mg % dmb. The
manganese content of the GLVs ranged from 3.4 mg % in B. aegyptiaca to 9.9 mg %
dmb in L. intybacea. Justicia ladanoides, L. intybacea, and A. ellenbeckii were also
rich in zinc with 3.3, 3.12 and 3.08 mg % dmb, respectively. However, B. aegyptiaca
was very poor source of zinc (1.1 mg % dmb). Furthermore, J. flava, L. intybacea and
C. argentea contained substantial quantities of copper with 1.48, 1.45 and 1.39 mg %,
whereas, P. insipidum, P. laticoronum and A. ellenbeckii were in the lower strata with
0.41, 0.43 and 0.54 mg % dmb, respectively. Both species of Justicia contained good
and comparable amounts of the minerals assayed except their variation in calcium and
magnesium. The tuber of A. gomboczianus contained highest level of carbohydrate
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and energy value with 83.5% and 333.8 Kcal, and C. argentea has the least with
30.7% and 122.9 Kcal, respectively (Table 2).

Anti-nutritional factors in semi-wild and wild edibles

The total phenolics, tannins and oxalates for all species are presented in Table 4. The
total phenolics content as gallic acid equivalent of the green vegetables was within
the range of 158 in L. intybacea to 1564 mg % dmb in P. insipidum. The level of
tannins as catechin equivalent in the GLVs varied from 448 in P. laticoronum to 2254
mg % in A. ellenbeckii. Of all the samples tested, the tuber of A. gomboczianus had
the least level of phenolics (100 mg % dmb) and tannins (40 mg % dmb), and X.
caffra has the highest with 1997 and 6314 mg % g, respectively. During oxalic acid
determination, linear relationship of the standard oxalic acid and peak area was
obtained at the selected HPLC conditions (r = 0.998). Known concentrations of oxalic
acid as well as extract of A. gomboczianus tuber (aroid), which is known for its
burning and irritating sensations, were used as internal quality control of the retention
time and area of the peaks for total oxalate. The standard and extract were run
intermittently as singlet and in combination to monitor the precision of the total and
soluble oxalate determination. The study showed minimum level of total oxalate in P.
laticoronum, C. grandis and L. hastata having 238, 440 and 462 mg %, respectively.
On the other hand, A. graecizans, C. argentea and P. quadrifida contained the highest
level of oxalic acid with 14067, 12706 and 10162 mg % dmb, respectively.

DISCUSSION

In general, the level of nutritional and anti-nutritional factors of the underutilized
edible plants studied was comparable with that found in conventional crops. Ash
content of the study edibles was comparable or higher than other wild and
domesticated GLVs reported by other researchers [25-27]. Except Justicia
ladanoides, which showed high calcium level, the calcium and magnesium contents
of all the vegetables were within the range for GLVs reported by different
investigators [25-27]. The manganese content of the leafy greens was mostly higher
than that reported for underutilized leafy vegetables of India [26,27] and Nigeria [28].
With few exceptions, Justicia ladanoides and J. flava contained comparable (except
calcium and magnesium) and higher levels of the minerals assayed. As species in the
same genus, this similarity in chemical composition may be attributed to their
phylogenetic closeness. The variation in calcium and magnesium could be attributed
to one or more factors of genetic, environmental or growth stage of the vegetable
during collection. Among the GLVs, B. aegyptiaca and P. insipidum leaves appear to
contain low levels of the minerals. As expected, fruits of X. caffra and tuber of A.
gomboczianus contained the least level of all the minerals assayed.

With the exception of P. laticoronum, the level of protein (dmb) in all the test
vegetables is comparable with that of pulses [10,11]. Similarly, C. grandis and T.
foenum-graecum which were collected from Mysore, India, and analysed for their
amino acid levels have proved to be rich sources of lysine, which is the main limiting
amino acid in cereal grains. Gradual reduction in the level of lysine during storage
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has been reported [29]. Analysis of amino acids was, therefore, made on freshly dried
edible portions of the GLVs procured from Mysore. The dried plant materials from
Ethiopia had been stored for 37 days prior to chemical analysis and hence not suitable
for amino acid analysis since lysine is believed to undergo degradation. However, it
can be inferred that the GLVs from south Ethiopia may give high level of lysine as
supported by the present study on the two GLVs and other findings [27]. Although
methionine and cystine were not estimated due to acid hydrolysis [24], vegetables are
generally known to be deficient in sulphur-containing amino acids [27]. Cereals being
the staple foods of the Hamar and Konso communities, it can safely be assumed that
consumption of the same vegetables with cereal diets may help to achieve adequate
amounts of sulphur-containing amino acids in diets. However, the amount of lysine
that can be obtained from grains may not meet the daily recommended level of the
same [30]. It is also unlikely that majority of the population in developing countries
use the required quantity of animal products to complement daily lysine requirement.
Use of leafy vegetables, possibly completely dried at 40 to 45°C under dark condition
or shade [12] can, therefore, contribute in prevention and amelioration of protein
malnutrition in the study communities and developing countries at large. Further
study on this aspect is expected to shed more light and elucidate in vivo bioavailablity
of the protein present in each GLV.

The levels of phenolics including tannins in the presently studied GLVs fall within
the range of previously reported values of domesticated and wild GLV [26]. Based on
the available information on the effect of tannins in reducing digestibility of proteins
[13], consumption of vegetables and fruits with such high tannin content may not be
encouraged. However, the plant materials, which contained higher level of phenolic
compounds, can potentially be good antioxidants [31]. Further in vitro and in vivo
antioxidant activity studies may generate very useful information about these and
other wild edibles.

Oxalic acid is generally known to be widely distributed across different GLVs [26].
The oxalic acid content of the study GLVs appears to be higher than what has been
previously reported by various authors on the same or other vegetables [26,27,32].
Variation in the level of oxalic acid could be attributed to difference in genetic,
environmental, plant part collected and its growth stage as well as the method of
analyses. As suggested by Judprasong and co-workers [32], the HPLC method
employed in the present experiment is relatively sensitive and accurate than the
colourimetric, titrimetric and other methods. Moreover, A. graecizans and C.
argentea (Amaranthaceae), P. quadrifida (Portulacaceae) and B. aegyptiaca
(Balanitaceae) contained higher levels of oxalic acid. High level of oxalic acid was
previously reported in species that belong to Amaranthaceae [33] and Portulacaceae
[34]. The same sources also contained similar information on the effect of oxalate
compounds in chelating bivalent minerals such as calcium and iron. This has serious
negative implications to health, particularly vulnerable groups viz. children, pregnant
and lactating mothers that require more calcium and iron. Given that vegetables
contain higher level of moisture, sporadic consumption of nominal quantity may not
be detrimental to health. However, it would be appropriate to avoid bulk consumption
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of the vegetables which contain high level of tannins including phenolics and oxalate
compounds in one meal or use as main diet.

CONCLUSION AND RECOMMENDATIONS

This study showed that the GLVs studied are good sources of nutrients including
minerals such as Ca, Mg, Fe, Zn and Mn, which are comparable with or sometimes
higher than conventional GLVs. They also have good fibre content and quality
protein which is rich in lysine, an amino acid limiting in cereals. The results offer
important ground to rank the wild edibles on the basis of organoleptic properties
provided by local participants and the chemical data, and prepare food composition
tables, an important feature of which will be the integration of indigenous knowledge
with chemical information. Therefore, most of these underutilized edibles can be used
to mitigate micro- and macronutrient malnutrition and improving food security. This
can be done following serious consideration on the level of anti-nutritional
composition in each of the edible plant parts and existing processing technologies that
can be used for eradication or significant reduction of the respective anti-nutrients.
The level of each anti-nutritional factor, viz. total phenolics, tannins and total oxalic
acid, varied among the different edible plant parts. Higher moisture content and
traditional home-based processing methods reduce the level of anti-nutritional factors
in GLVs making them suited for rational utilization. Therefore, consumption of most
of the GLVs can safely be assumed harmless if taken as side dish or part of the meal.
If the GLVs are dried for use, taking higher amount of the same per serving or at
higher frequency may deter bioavailability of nutrients which may further lead to
macro- and micronutrient deficiency or cause health problems. Higher intake of
oxalate is known to cause renal disorder by forming kidney stones in humans.
Therefore, excess intake of GLVs that are rich in oxalate should be limited to
promote better absorption of minerals and prevent internal health problems. GLVs of
wild and semi-wild origin contain nutrients and anti-nutritional factors comparable to
cultivated green vegetables.

Indigenous wild and semi-wild GLVs are adapted to the marginal agroclimatic
conditions of their common occurrence. Moreover, unlike the domesticated GLVs
that may require higher input for production, wild vegetables can easily be harvested
from gardens, farmlands or other habitats. Promotion of vegetables tends to be less
expensive all the way from production to processing and can be accessible at times of
food shortage. Therefore, some of them can be selected and developed as future crops
under the scenario of fast climate change and deterioration of natural resources.
Effective and aggressive multifaceted programmes of conservation, promotion and
sustained utilization of wild edibles are in the best interest of rural development in
Ethiopia and other developing countries. In the short term, selection and
domestication of healthy, nutritious and agronomically geared up underutilized GLVs
is suggested. This should be supported by an all round strategy that includes
promotion and educational intervention at local community level.
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Table 1: Edible semi-wild and wild plants from south Ethiopia screened for

nutritional and non-nutritional compositions

Scientific name

Local name®

Family

Adenia ellenbekii Harms

Amaranthus graecizans L.

Amorphophallus gomboczianus Pichi-Serm.?
Balanites aegyptiaca (L.) Del.

Celosia argentea L.

Coccinia grandis (L.) Voigt

Corchorus trilocularis (L.)

Justicia flava (Vahl) Vahl
Justicia ladanoides Lam.
Launaea intybacea (Jacq.) Beauverd

Leptadenia hastata (Pers.) Decne.

Pachycymbium laticoronum (M.G. Gilbert) M.G.

Gilbert

Pentarrhinum insipidum E. Mey.

Portulaca quadrifida L.

Ximenia caffra Sond®

Armulo’, Qaqula®
Zapina', Rasuta’
Paganna/Pakanna/Poganna’

Domoko', Hankalta/Hangalta®

Torchata/Torcha/Horbaita®

Gulo/Kulo/Gungulo®, Lacheta®

Lagi/Loge/Kilangigusho®,
Ologlogota/Hachota’
Honnona®

Qira/Qirgira’

Morde’, Hankolayta?

Meta', Xeyla?
Bagbaga/Pappaqa/Parapaga’

Shabena/Shavena®,
Kokordota/Kordota®
Muleza/Mulaza’,
Maraeitta//Mecheritta®
Mogela', Hinkiketa®

Passifloraceae
Amaranthaceae
Araceae
Balanitaceae
Amaranthaceae
Cucurbitaceae
Tiliaceae

Acanthaceae
Acanthaceae
Asteraceae
Asclepiadaceae
Asclepiadaceae
Asclepiadaceae

Portulacaceae

Olacaceae

*Tuber; "Fruit; “local name in *Hamar and ?Afa-Konso languages in Southern Ethiopia

Published by African Scholarly Science Communications Trust
Josem Trust Place, Bunyala Road, Upper Hill, Nairobi

P.O. Box 29086-00625 Tel: +254-20-2351785 Fax: +254-20-4444030, Nairobi, KENYA
Email: oniangof@iconnect. coke OR  infofajfand net www.ajfand net




N AND DEVELOPMENT

PUBLISHED BY

naL oF Foop, sricutture, Volume 13 No. 2

April 2013

AFRICAN
SCHOLARLY

Sl

ISSN 1684 5374

Table 2: Proximate composition (g/ 100 g) of some semi-wild and wild green leafy
vegetables and other local wild foods

Ether Crude Carbo-

Scientific name® Moisture Ash extractives  Protein fiber hydrate Energy

(fw) (dmb) (dmb) (dmb) (dmb) (dmb)  (Kcal, dmb)
Adenia ellenbeckii 83.6+03 13.8+0.1 5.0+0.1 27.7+0.2 100x06 43.5 174.1
Amaranthus graecizans 727+03 220x0.1 39+04 285+02 85%0.8 37.1 148.2
Balanites aegyptiaca 63.5+12 125+0.1 25+08 288+04 155+0.3 40.7 162.6
Celosia argentea 84.1+03 239%05 29+08 327+0.1 9.8z+0.1 30.7 122.9
Coccinia grandis 785+0.7 152+0.1 35+0.1 363+02 10.1+0.6 34.9 139.6
Corchorus trilocularis 83.9+0.0 154+08 15+£03 204+02 11.1+09 51.7 206.8
Justicia flava 80.6+18 25.6+0.0 27+04 329+£05 75x07 31.3 1254
Justicia ladanoides 734+£05 253+03 29+0.3 254+04 125%05 33.9 1355
Launaea intybacea 80.1+13 214+03 3.7+01 241+£02 107+0.1 40.1 160.3
Leptadenia hastata 76.9+16 13.8+0.2 55+0.1 20.3+08 149+0.2 45.5 182.0
Pachycymbium laticoronum 90.5+08 13.2+0.2 3.1+05 81+04 151+0.2 60.5 242.1
Pentarrhinum insipidum 77.0+08 155+0.6 3.3+01 323+£0.2 109%0.2 38.0 151.9
Portulaca quadrifida 909+05 246+08 3.1+£0.2 196+01 159%0.2 36.8 147.3
Amorphophallus
gomboczianus 845+04 6.0+0.2 04+0.1 58+0.1 43+0.0 83.5 333.8
Ximenia caffra® 61.2+06 5002 236+10 216+01 104x14 394 157.5
Coccinia grandis® 87.3+05 159+0.2 52+0.2 28.7£ 0.4 ND ND ND
Trigonella foenum-graecum® 89.8+1.1 23.8+04 58+03 28.0+0.7 ND ND ND

3All are green vegetables, unless otherwise mentioned; "Tuber; Fruit; “GLV from India; ND = Not

Determined; Values are means of three independent analyses of composite samples + SD
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Table 3: Mineral (mg % dmb) composition of some semi-wild and wild green
vegetables and other wild foods

Scientific name® Ca Cu Fe Mg Mn Zn

Adenia ellenbeckii 1239 0.54 16.6 404 7.8 3.1
Amaranthus graecizans 3029 0.65 19.3 2049 7.2 2.3
Balanites aegyptiaca 2487 0.61 135 701 34 1.2
Celosia argentea 2207 1.39 198 824 9.1 2.2
Coccinia grandis 3064 0.60 13.0 433 56 2.5
Corchorus trilocularis 1767 0.68 186 175 84 2.9
Justicia flava 3419 1.48 206 547 84 27
J. ladanoides 6177 1.17 21.2 1026 74 33
Launaea intybacea 2070 1.45 220 437 9.9 3.1
Leptadenia hastata 1699 0.59 142 214 4.2 2.0
Pachycymbium laticoronum 1128 0.43 132 309 938 2.4
Pentarrhinum insipidum 1100 0.41 16.3 183 6.2 2.1
Portulaca quadrifida 2193 0.87 20.1 1094 6.8 2.9
Amorphophallus gomboczianus ” 428  0.08 872 109 19 1.1
Ximenia caffra® 180 0.58 19 110 11 1.3
Trigonella foenum-graecum® 1038 3.2 2314 2035 ND 1.0
Coccinia grandis® ND 35 117 7560 ND 1.2

All are green vegetables, unless otherwise mentioned; °Tuber; °Fruit; “Sample
collected from India; ND = Not Determined; Values are expressed as mean of two

independent analyses on dmb
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Table 4: Some important non-nutritional compositions (mg % dmb) of selected
semi-wild and wild Ethiopian green vegetables and other wild foods

Phenols Tannins Total oxalate
Scientific name? (gallic acid equivalent)  (catechin equivalent)
Adenia ellenbeckii 121949 2254+34 2603 £ 33
Amaranthus graecizans 32845 1537478 14067 £ 60
Amorphophallus gomboczianus 100+3 40+14 1064 =5
Balanites aegyptiaca 9956 71850 4630 + 132
Celosia argentea 323+4 1410£26 12706 £16
Coccinia grandis 31148 1562453 440 £ 43
Corchorus trilocularis 281+3 951+28 3443 £198
Justicia flava 289+19 995+19 3613 £12
Justicia ladanoides 189+1 1349+11 2212 + 115
Launaea intybacea 158+1 1103+11 8326
Leptadenia hastata 649+13 865+92 462 £ 8
Pachycymbium laticoronum 35948 448+11 238+ 6
Pentarrhinum insipidum 1564433 1587+26 1612 +30
Portulaca quadrifida 908+17 853144 10162 £+ 180
Ximenia caffra® 1997431 6314+451 2134+ 4
Trigonella foenum-graecum® 729 1275 357
Coccinia grandis® 749 1958 504

2All are green vegetables, unless otherwise mentioned; "Tuber; Fruit; “Sample collected
from India; Values are means of three independent analyses of composite samples on dmb

+SD
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Table 5: Amino acid composition (g/ 100 g protein) of freshly collected samples
(Coccinia grandis and Trigonella foenum-graecum) from India

Peak number on Amino acid Vegetables
HPLC Coccinia Trigonella

chromatogram*** grandis foenum-graecum
1 Asx* 1.82+0.12 11.53+0.31
2 Glx** 6.37+0.50 14.16+0.32
3 Serine 6.54+0.25 5.74+0.10
4 Glycine 7.08+0.09 6.51+0.13
5 Histidine 2.56+0.20 2.25+0.24
6 Arginine 9.93+0.02 7.28+0.32
7 Threonine 6.24+0.06 5.41+0.10
8 Alanine 10.00+0.10 5.82+0.57
9 Proline 6.89+0.26 5.35+0.09
10 Tyrosine 4.82+0.14 5.28+0.11
11 Valine 7.16x£0.11 5.48+0.24
12 Methionine 0.59+0.16 0.56+0.04
13 Cysteine 0.34+0.11 0.55+0.03
14 Isoleucine 4.24+0.22 3.450.35
15 Leucine 10.75+0.14 8.81+0.41
16 Phenylalanine 6.93+£0.16 5.24+0.09
17 Lysine 7.74+0.12 6.59+0.14
Tryptophan ND ND

ND = Not detected due to degradation during hydrolysis; * Asx represents both
Aspartic acid and Asparagine; ** Glx represents both Glutamine and Glutamic acid;
*** HPLC chromatogram is in Figure 1. Values are means of three independent

analyses +SD
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