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Abstract

Protein-energy malnutrition and food insecurity are among the most serious problems facing the
rural community of the Somali region where the crop grows widely. Also contributing to this
problem is the underutilization of yeheb crops found in Somali region. Yeheb nut is a nut producing
wild plant with multipurpose usage. It is an underutilized crop and little is known about its
proximate and micro-element composition, anti-nutritional factors and functional properties of the
raw, boiled and roasted products. The aim of this study was to determine the proximate
composition, level of anti-nutrients, mineral composition and functional properties of raw and
processed yeheb seeds. Raw Yeheb flour had protein content of 15.9%, 8.8% of crude fat, 15.5%
of crude fiber, 3.9% of ash, 7.2% of moisture, 77.9% of utilizable carbohydrate, and 383.0 kcal of
gross energy. There was significant difference (P < 0.05) in the levels of protein, crude fat, gross
energy crude fiber, and crude ash content between the processed and raw yeheb nut. Raw yeheb
seeds contained 1.65mg of phytic acid, 0.054mg of tannin and0.47 mg of oxalate. Analyses of the
anti-nutrient composition show that the roasted and boiled yeheb flour had significantly low level
of phytate 20.59 % and 38.24 %, oxalate 58.6 % and 47.7 %, and tannins 12.9 % and 33.3 %
compared to the raw yeheb flour. The mean values of minerals such as iron, magnesium, zinc and
calcium contents for the raw sample was 4.3, 80.6, 3.02 and 243.9 mg, respectively on dry weight
basis. The value for functional properties was in the range of 3.75 to 1.97 g/g for water absorption
capacity, 0.82 to 0.59 g/ml for bulk density, 2.83 to 2.64 % for Swelling power, 24.65 to 14.75 %
for Solubility index, 8.49 to 4.72 % for foaming capacity and 118.42 to 104.72 % for foaming
stability. The results indicated that boiling and wet roasting were the most effective and
recommendable technique in reducing anti-nutrients. Boiling and wet roasting of yeheb seeds were

found to be the best cooking methods for healthy eating.
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CHAPTER 1

1. INTRODUCTION

1.1. Background

Plants are the most important source of food for human beings. Among plant sources, legumes and
legume products are the richest source of food proteins. Food legumes have exceptional,
immediate potential for alleviating human malnutrition in tropical countries by virtue of its
nutritional and agronomic advantages. Most legumes have a distinct advantage over other food
crops because of their simplicity of preparation and multiplicity of edible forms (Salunkhe and
Kadam, 1989). Because of their high protein and lysine content, they also represent good sources
of supplementary protein when added to cereal grains and root crops, which are low in essential
amino acids. Legumes are shown to be particularly useful in decreasing blood glucose responses
compared with other high-fiber foods. These beneficial effects of legumes are thought to be
derived from various components of the beans including their slow starch digestion and their fiber

content (Jenkins et al., 1980; Jenkins et al., 1981).

Cordeauxia edulis Hemsl, of the family Leguminosae and the subfamily Caesalpinioideae is
locally known as Yeheb (Ali, 1988). It is among the priority edible wild food plants in Ethiopia
(Teketay and Eshete, 2004). The species is a much branched ever green shrub or small tree up to
2.5 m height, and is endemic to restricted localities in eastern Ethiopia and parts of central Somalia

(Chiovenda, 1929 as cited by Ali, 1988).

Cordeauxia edulis (yeheb) produces a nutritious and tasty nut with a chestnut like flavor (El-Zeany
and Gutale, 1982). Traditionally, all people living in the Somali hinterlands rely on it for
subsistence. It is a staple food of nomads and sometimes the only food plant left surviving during

periods of drought in the Ogaden desert (Vietmeyer, 1985).

The seeds or nuts are often eaten after boiling or roasting (Ismail, 1975). The water in which the
seeds are boiled is sweet, and is drunk traditionally by Somalis (El-Zeany and Gutale, 1982). The

nuts are relished by the people that the encouragement of people to work is very commonly given



by quoting an old Somali proverb “Fadhi iyo fuud yicibeed lays la waa” which means “one who

sit idle will not get yeheb” (Kazmi, 1979).

The nut constitutes one of the staple foods of the nomads of the regions, where it occurs (Bally,
1966). Furthermore, Brink (2006) emphasised that it is quality food that the local people prefer to
stable crops such as maize and sorghum. Yeheb is a long-lived (estimated in excess of 200 years),
endemic, semi-arid shrub, which can withstand extreme drought. It’s a multipurpose plant used as
dry season animal feed, firewood, building material and leaf. It is also used for dyeing of textiles
for garments. Most importantly, yehebs seeds are used as an energy rich, valuable food (especially
in droughts condition) for the local population in the border areas of Somalia and Ethiopia (Booth

and Wickens, 1988).

Compared to other legumes, the seeds are methionine deficient (Miége and Micge, 1978). But it is
rich in essential lysine and arginine, but deficient in tryptophan and isoleucine. Seeds with 17%
moisture content consist of 13% protein, 10-11% lipids, 31-34% starch, 20% sucrose, 2% reducing
sugars, 3% ashes and 2% fiber. The major components of the fatty acids are palmitic, oleic and
linoleic acid together with stearic acid (26-31%, 32%, 25-30% and 12-13%, respectively). There
are only traces of linoleic acid (El-Zeany and Gutale, 1982).



1.2. Statement of the problem

Yeheb is a small bush growing in eastern Ethiopia and central Somalia. It is drought resistant and
a source of food to both animals and humans especially during drought condition (NAS, 1979).
Yeheb was considered as in danger of extinction within a few years by Allen & Allen (1981).
Yeheb is listed as rare plant in the 1997 International Union for the Conservation of Nature and
Natural Resources (IUCN) Red List of Threatened Plants. The definition of rare is “taxa with small
world populations that are not at present considered endangered or vulnerable, but are at risk”
(Brink & Belay, 2006). The Yeheb bushes are more widespread on the Ethiopian side of the border

where mostly Somali people live.

Yeheb seeds are edible and can be eaten fresh, roasted, boiled or dried. Since yeheb seeds are
easily damaged by fungi or insect attacks they are usually roasted for quality maintenance.
Compared with other leguminous seeds, yeheb seeds are rich in fats (10- 13 %) and sugars (12-25
%) but contain lower protein (11-16 %) and carbohydrate (31-41 %) levels. The seed yield of
individual yeheb shrubs can be 5-8 kg per year, or none in drought years (Brink 2006). Somalis
drink the sweet water remaining from boiled seeds and leaves are used for tea. In addition, seeds
may be used as a coffee substitute. Wood is used as fuel wood by villagers and nomads (Booth

and Wickens, 1988).

Although yeheb seed is widely available in warder zone, it is an underutilized crop and drought
resistant. It is food security alternative because it create money as cash crop to the local
community, yet very little was known about the proximate composition, mineral content and the
level of anti-nutritional factors of the raw, boiled and roasted products commonly used. This
information gap does not allow intensive utilization of yeheb seed as a value added product
(food/feed) in the country. There is no information available for farmers, processors and end-users
in utilization of the resource capacity of yeheb seeds in the Ethiopian context. It is upon this
background that this study sought to investigate the effect of processing method on the proximate
composition, mineral content, functional property and anti-nutritional factors of yeheb nut grown

in Somali region, Ethiopia.



2. Objectives

2.1. General objective
v' To determine the effect of processing method on the proximate composition, mineral

content, functional property and anti-nutritional factors of yeheb nut from Somali Region

2.2. Specific objectives
v To determine the nutrient and anti-nutrient content of yeheb nut from Somali Region

v' To investigate the effects of processing on the nutrient and anti-nutrient content and the
mineral composition of yeheb nut from Somali Region.
v To evaluate the effect of processing (boiling and roasting) on functional property of yeheb

flour from Somali Region.



CHAPTER 3

3. Literature review

3.1. Importance of wild indigenous seeds in Ethiopia

Ethiopia has diverse flora and fauna. In addition, it is rich in indigenous knowledge in managing
and processing both domesticated and wild plants. The use of wild plants in the native diet,
traditional medicine and religious ceremonies is very common. Several types of food can be
obtained from wild plants. They add flavor, minerals and vitamins to the staple. Some leaves also
have high protein content. Seeds and nuts are also used in various side dishes and sauces. Fruits
are a seasonal food supply and are often eaten as snacks. Roots and tubers provide carbohydrates
and minerals, and are especially valuable dry-season and famine-period foods. Some Acacia
species yield edible gum, and the sap from other trees is used in various ways. The bark of some
trees can also be eaten. Many of the wild food plants are sources of pollen and nectars used by

bees to produce honey, which is used in the household or sold to generate income.

Wild plants provide several important dietary elements that the crop agriculture can’t adequately
provide. In many areas, dietary deficiencies and monotony of normal diets are reduced or avoided,
through the introduction of wild plants in to the meal. For most of the plants and, hence, fruit
trees/shrubs, the edible parts, e.g. fruits/seeds, are still collected from the wild and consumed
directly by the households. Thus, food from the wild can make supplemental, seasonal and
emergency contributions to household food supplies, thereby contributing to the food security of
communities. Such food items are also taken in to markets in both rural and urban areas, thereby

generating income for households (Pol, 2002).

The consumption of wild plants seems more common and widespread in food insecure areas,
including most dry land areas, where a wide range of species is consumed, leading to the notion
that is described as “famine-foods”, that are consumed at times of food stress, namely drought,
war and other hardship periods (Amare, 1974; Asfaw, 1997; Asfaw & Mesfin .T, 2001; Guinand
& Dechassa, 2002; Pol, 2002). Hence, the consumption of wild plants is a necessary part of the

strategies adopted by people in order to survive in harsh environments and periods. For instance,



of the 120 species recorded as wild food plants in Ethiopia, 50 species have been listed and

classified as typical "famine-food" plants (Guinand & Dechassa, 2002).

3.2. Legumes as a world food crop

Legumes are the most important plant species in the family of Leguminosae. They are second only
to cereals in providing food crops for world agriculture (Duranti, 2006). Legumes are recognized
as a crop that plays an important role in the agriculture, as well as a major source of dietary
nutrients for many people in the developing countries. According to the FAO estimations the world
production of legume seeds, was about 58 million tons in 1994 and of this, the major part, was
produced by developing countries (Adebowale et al., 2005). According to FAO data, a summary

of distribution and production of legumes are shown in the table below.

Table 3.2. Worldwide distribution (%) of grain legumes seed production.

Land Total area (%) Production Production (%)
(Million Tons)

Africa 26.2 8.0 14.5

North America 8.3 8.0 14.5

South America 7.6 4.0 7.3

Asia 50.0 26.0 46.8

Europe 53 7.0 13.4

Australasia 2.6 2.0 3.5

World 100.0 55.0 100.0

Sources: calculated from FAO data (2000)

3.2.1. Nutritional importance of legumes

Legumes are significant among the food crops due their high nutritional value. Awareness on
nutritive value and health benefits of legumes is of vital importance to increase consumption of

legumes in daily diet of the human (Bhat and Karim 2009).



Legumes are known for their protein content ranging from 20 to 40% of their dry matter (Baudoin
et al., 1999). In most of legumes fat content is relatively small (<1% of their dry matter) (Bravo et
al., 1999). A few species such as soya, ground nut and lupine have higher amount of fat (5- 20%
in range). Dietary fiber fraction plus total starch and soluble sugars, ranged from 59 to 67% of the
dry matter (Bravo et al., 1999).The B-vitamin is mainly found in legumes and these contents
increase with germination (Sierra et al., 1997). It is a very good source of folates (Dang et al.,
2000). High levels of both a- and y- tocopherol (8.2 and 7.9 mg per 100g, respectively) were found
in peanuts (wyatt et al., 1998). According to a study on a 100g dry weight basis of some
commercial bean varieties, the mean vitamin values of thiamin 0.99 mg, riboflavin 0.20mg, niacin
1.99 mg, pyridoxine 0.49 mg, folic acid 0.30 mg. Retention of water-soluble vitamins during
cooking averaged between 70 and 75% (Augustin et al., 1981) . Vitamin A and vitamin C content
of legumes vary depending on the species. They range from 12-90 pg of beta carotene per 100g
and 1-5 mg per 100g of legume seeds respectively for commonly consumed legumes (USDA,
2004). Bravo et al. 1998 have reported that black gram as the legume with the darkest seed coat,
had the highest polyphenolic content (3.98% of their dry matter). Since the discovery of the role

of polyphenols as anti-oxidants (Xu et al., 2007). It is also can be considered an important nutrient.

3.2.2. Health benefits of legumes

Legume proteins contribute energy and amino acids, which are essential for growth and
maintenance. According to (Liao et al., 2007) consumption of legumes proteins could reduce
plasma low density lipoproteins and help in reducing weight also (Singh et al. 2008) have reviewed

that soy protein lowers blood cholesterol.

Apart from being a valuable source of protein, consumption of legumes has also been linked to
reduced risk of diabetes and obesity, coronary heart disease colon cancer, and gastrointestinal
disorders (Bazzano et al., 2001). Legume starch causes less changes in plasma glucose and insulin
upon ingestion as it has identified as low glycaemic index and therefore, it is a very good source

of nourishment for controlling diabetics (Phillips et al., 2003; Wang et al., 2008).

Consumption of legumes may also have a protective effect against prostate cancer in humans. The

phenolic compounds present in these legumes are known to exhibit strong antioxidant, anti-

7



mutagenic, and anti-genotoxic activities Furthermore, isoflavoness, a class of phytochemicals
found in soybeans contributes towards cancer prevention. Soybean is an alternative source of
protein for people who are allergic to milk protein and also highly digestible (92 to 100%) (Xu et
al., 2007).

It contains all essential amino acids. Although relatively low in methionine, it is a good source of
lysine. Soy-protein products contain a high concentration of isoflavones, up to 1g/kg (Singh et al.,

2008).

Since health and nutrition is the most demanding and challenging field, legumes can play an
important role, not only to the dietary pattern of low income groups of people in developing
countries, but also for the people in rest of the world as it has lot of health benefits. The contribution

of legumes towards a global healthy population therefore cannot be underscored.

3.3. Eco-biology of yeheb nut

Taxonomy

Cordeauxia edulis Hemsley is a leguminous plant (Fabaceae) from the genus Cordeauxia. The
genus Cordeauxia is closely related to Caesalpinia and Stuhlmannia. The common name of C.
edulis is Yeheb-Nut (English) or Yeheb (French) (Belay, M. Brink, G. (2006). Other names are
Yebb, Hebb, Ye’eh, Yi-ib, Yehib or Yicib (Baumer, Michel (1983). In ambharic it is called Ehb,
Qud or Quda (Birnie, Tengnés, Bo (1993).

Botanical and morphological description of yeheb nut

Yeheb, Cordeauxia edulis Hemsley, is an evergreen, multi-stemmed and thick crowded shrub (Alj,
1988), usually dwarf and not taller than 1, 6 m because of grazing of tender shoots and leaves by
livestock. In sheltered locations, where the plants are not grazed, yeheb can reach 3-4 m classified
as a small to medium sized tree (Kazmi, 1979). Plants that are heavily browsed sprout profusely
from the base. Yeheb is single stemmed in the early stages of growth. The leaves are pinnate, 2-8
cm long, with 2-4 pairs of leaflets that are oval to oblong, 1.7-3.6 cm long and 0.43-2.0 cm wide

(Ali, 1988). They are leathery, olive green above and lighter on the underside with numerous



purple to orange red glandular hairs on both sides (Bally, 1966; Mi¢ge and Miege, 1978; Ali,
1988). The glands contain a red pigment, cordeauxiaquinon, which by handling or when touched

stains the hands red (Lister et al, 1955; Bally, 1966; Yahya, 2002.).

Stomates occur both on the adaxial and abaxial surfaces of the leaflets. Both sides of the leaf are
covered by an extremely thick cuticle. All of the mesophyll cells consist of ‘concertina’ palisade
cells. These are suggested to shrink under water stress, and thereby causing the cell walls to fold

(Curtis et al, 1996), which leads to curling of the leaves.

This happens as soil moisture content drops. At the onset of the first rain, indicating the end of the
drought period, the leaves uncurl and regain their turgidity (Ali, 1988). The leaves exist for more

than one season, but the lifespan of individual leaflets are not known (Curtis et al, 1996).

Floral and vegetative auxillary buds develop apically and laterally from the branchlets (Ali, 1988).
The inflorescence is a few-flowered corymb that forms at the end of the branchlets. The flowers
are 2-5 cm in diameter, with five bright yellow, spatula petals, 1.5 cm long and five green sepals,
which are about 1 cm long and covered with red glands, like the leaves. The ten stamens are hairy
at the base of the filaments and the ovary is shortly stalked, heavily glandular and surmounted by
an obtuse stigma (Bally, 1966; Miege and Miege, 1978). Flowering occurs throughout the year,
but is more profusely during the rainy season. The fruit, which is a pod, is 4-6 cm long, rather
leathery and compressed ovoid. The walls are fairly hard and terminate in a protuberant break.
Each pod contains 1-4 seeds (Micge and Miege, 1978). The seed weights about 2-3 g each (TSW
2000-3000 g) (Nerd et al., 1994).

The root system is dominated by a central taproot, which reaches a depth of >2 m. Lateral roots
form 10 and 40 cm below the soil surface, and spread horizontally a distance of 2.3 m according

to Ali (1988).
Habitat and geographical distribution of yeheb nut

Yeheb (Cordeauxia edulis Hemsley) is a small bush (see picture 5) growing in eastern Ethiopia
and central Somalia that is hardy to drought and a source of food to both animals and humans
(NAS, 1979). Yeheb belongs to the family Leguminosae, subfamily Caesalpinioideae, and is the

only species within the genus Cordeauxia.



The area where Yeheb grows is one of the most important livestock producing areas in Somalia
(SATG, 2004). Yeheb used to be a very dominant bush and constituted up to half of the woody
vegetation in many areas of the Somali hinterland in the 1930s, but since then it has been reduced
and is threatened by droughts, grazing, removing of seeds and wars (NAS, 1979). Usually, all
seeds are harvested, which makes it difficult for the plant to regenerate (FAO, 1988). The Yeheb
bush is also valuable as a building material as it does not become attacked by termites (Asha
Yahya, personal communication). Therefore people from other parts of Somalia drive into the area

and cut down the bushes to bring with them. In 1981,

Figure 1: Yeheb bushes

Yeheb was considered as in danger of extinction within a few years by Allen & Allen (1981).in
addition, it was listed as rare in the 1997 International Union for the Conservation of Nature and
Natural Resources (IUCN) Red List of Threatened Plants. The yeheb bushes are widespread

Somali region of Ethiopian.

10



Figure 2: Pods containing a variable number of seeds (1 - 4), and seeds
(Source: Miege and Miege, 1978)

Environmental conditions of yeheb nut

Yeheb is well adapted to arid and semi-arid conditions (Drechsel & Zech, 1988). In Somalia and
Ethiopia there are two rainy seasons; the south-western monsoon from March/April to May/June
and the north-eastern monsoon from October to November, when most of the rain falls in a few
days. The annual precipitation is 150-200 mm and the average temperature 28°C, with a small
monthly range of four to six degrees. The plant grows on an altitude of 100-1000 meters (Roti-
Michelozzi, 1957; Drechsel & Zech, 1988; FAO, 1988; NAS, 1979). Yeheb never grows close to
the water (Brilli & Mulas, 1939) and the plants are frost sensitive (FAO, 1988).

Yeheb grows in a particular soil and vegetation, which is called the “Haud” by the natives (Glover
1950; Drechsel & Zech, 1988). It is a region in the north-eastern corner of Ethiopia and there also

exist “Haud-type” regions in Somalia where Yeheb occur (Hemming 1966; Watson et al., 1982 In
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Drechsel & Zech, 1988). Haud refers to landscapes consisting of red-coloured sandy soils, red
sandstones and breccia. This soil is of continental non-salty origin while the surroundings are
marine sediments (Merla et al., 1979; Mohr 1962, as cited in Drechsel & Zech, 1988). The Haud
is covered with grassland and dense clumps of dominant Yeheb bushes, shrub species and some
taller trees (Bally 1966; Hemming 1966; Watson et al., 1982, as cited in Drechsel & Zech, 1988).
Deep soils are favourable for Yeheb’s establishment; they are extremely poor in nutrients (NAS,
1979) and sandy to loamy-sandy covered with loose sand (Drechsel & Zech, 1988; NAS, 1979).
The water holding capacity of the loamy subsoil is relatively high (Drechsel & Zech, 1988) with a
water table at 6.5-25.5 meters (Ecocrop, 2009). The deep red sands have a pH of 6.7-8.4 and are
extremely low in nitrogen (FAO, 1988).

Growth and development of yeheb nut

Yeheb reseeds itself, unless the seeds are harvested, and the germination takes about two weeks
(FAO, 1988, as cited in Ismail, 1975) and much water is needed for establishment (FAO, 1988).
Thereafter the root grows fast while the aerial parts are slower (Brink & Belay, 2006). During
favourable conditions it can reach a height of four meters (FAO, 1988) but normally it only grows

1.6 meters tall (NAS, 1979).

The bushes blossom during the rainy season, once or twice if the rainfall is abundant (Orru, 1988),
or all year round, but mainly during the rainy season (FAO, 1988 with reference to Gaertner et al.,
1982). The flowers are yellow and at an age of three to four years it starts to produce pods, which
contains one to four seeds (NAS, 1979). The pods are four to six centimetres long and the nuts
weigh about 1.6 gram (FAO, 1988). The nuts take 10-14 days to mature depending on the rainfall
(Brilli & Mulas, 1989), if the rain is absent the fertilized ovule remain undeveloped for 4-5 months
and may ripen in 5-6 days during the next rainfall (FAO, 1988 with reference to Ismail, 1975). The
seed viability is maximally a few months and the seeds often become insect infested (FAO, 1988).
The longevity of the plant is estimated to exceed 200 years (FAO, 1988 with reference to Ismail,
1975).
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Figure 3: The Haud is marked as the green area

Utilization of yeheb nut

Yeheb is one of few species worldwide that is suited for hot and dry environments. Thus it is
considered as a potentially valuable source of food and protein in other regions with similar
conditions (FAO, 1988). The nut is marketable worldwide as a delicacy and could become an
ingredient in food or medicine. C. edulis has the potential to be used for soil conservation,
mulching and hedgerow (Von Carlowitz 1986). The oil is used for soap making, the wood is used
as firewood (Brink & Belay, 2006) and the dye is used as a mordant to dye fabrics (NAS, 1979).
The leaves may be used as a substitute for tea (FAO, 1988).

In the rangeland where Yeheb grows, most plants are deciduous and Yeheb is therefore of great
importance to the livestock (Kuchar 1987; Ali, 1988). The plant is the largest component of high-
quality feed available in the dry season, and it comprised 16.9 percent of all available feed and 85
percent of the good-quality feed in a study area 200-300 km north of Mogadishu. Other evergreen

plants exist but they never represent more than two percent of the canopy cover (Kuchar, 1987).
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Uses
Uses of yeheb seeds

Yeheb is a multi-purpose plant where most parts of the plant are used (Booth and Wickens, 1988).
Seeds from yeheb, which are sometimes called nuts, are eaten fresh or boiled, occasionally roasted.
They are mostly consumed locally and are considered as a staple food for the people of the region
where it occurs (Bally, 1966). The seeds have a thin easily cracked testa and a chestnut-like
flavour, eaten fresh, or boiled for sweet liquor, occasionally roasted, and make nourishing and
balanced food (FAO, 1988; Miége and Miege; 1978; El-Zeany and Gutale, 1982). The water, in
which the seeds have been boiled, is sweet and is sometimes used as a beverage (El-Zeany and
Gutale, 1982). The plant has recently attracted much interest as a potential food crop for arid areas
(N.A.S, 1979). In times of drought and famine, the nuts may be one of the few natural foods
available for Somali nomads (Anonymous, 2004). Guinand and Lemessa (2002) reported that
yeheb nuts are of high economic value and are considered as 'famine food' in times of exceptional
drought conditions, even though the plant needs some rain in order to develop its fruits (Ali, 1988).

Wildlife, such as baboons also eat the seeds (Ali, 1988).
3.3. Proximate Composition of yeheb seeds

Yeheb produces a nutritious and tasty pulse, usually called “seed” or “nut” (NAS, 1979). The seeds
can be cooked or eaten raw and are consumed as a supplement to the diet of rice and dates among
the poorer people. During the dry season it is sometimes the only source of food for the nomads.
Some nuts are also collected and sold at the market as they are of high economic value. The seed
taste like cashew or chestnut and can also be dried or roasted (Ismail, 1975, as cited in FAO, 1988),
the roasting turns them from sour to sweet (Brink & Belay, 2006). The nuts are used as a substitute
for coffee and the water remaining after boiling them is used as a sweet drink (FAO, 1988). The
demand for the seeds exceeds the supply because of the diminishing plant population (El-Zeany
& Gutale, 1982). The seed production has been shown to be up to 1527 kg/ ha per year (Ali, 1988;
Yahya et al., 1993).

The nuts are of high nutritional value (Polhill & Thulin, 1989; Bekele et al., 1993; Guinand and
Lemessa, 2002). The seeds are rich in energy containing 31-41% starch, 12-25% sugars, 11-16%
protein, 10-13% fats and various minerals (Miege and Miege, 1978; Seegeler, 1983; Booth and
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Wickens, 1988). The main characteristics of the seeds are their high sugar and fat contents
compared to other seeds of species in the Fabaceae family (N.A.S, 1979). El-Zeany and Gutale
(1982) stated that yeheb seeds provide balanced diet, especially in areas where the usual legumes
are impossible to grow. The energy value, 4460 kcal per kg, is twice that of the carob, Ceratonia
siliqua, and as much as that of soya, Glycine max (N.A.S, 1979). Seeds are low in anti-nutritional
factors and are free of toxic phytohemagglutinins, lectins, alkaloids and glycosides, however,
trypsin inhibitors are present in similar proportions to Lablab purpureus (hyacinth bean) (Micge
and Miege 1978). The major components of the fatty acids are palmitic, oleic and linoleic acid
together with stearic acid (26-31%, 32%, 25-30% and 12-13%, respectively. There are only traces
of linolenic acid. The oil is a non-drying type of oil (El-Zeany and Gutale, 1982).

Table 3.3 Proximate composition of the seed of Cordeauxia edulis and other food crops (g/kg)

Item C.edulis Maize Sorghum Wheat Rice
Moisture 80—-100 56 46 51 38
Crude protein 110-160 82 108 165 123
Crude oil 100 - 120 33 36 44 129
Ash 22-37 25 26 50 57
Total nitrogen 25 16 18 19 13
Sucrose 116 -216 49 46 39 35
Cellulose 27-33 16 21 14 12
Reducing Sugar 23-53 - - - -

Tests for Alkaloids & Glycosides Negative Negative Negative Negative Negative

(Source: Seegeler, 1981; Burns, 1971)
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Production levels

Studies carried out on C. edulis from Central Somalia showed an average forage availability of
322-453 kg ha-1 and seed production of up to 1527 kg ha-1 year-1 (Ali, 1988; Yahya and Durand,
1993). Considering the dry conditions and poor management at which C. edulis grows, its yield in

forage and particularly in seeds may be considered high (Yahya, 2004).
Harvesting and processing

The fruits of Cordeauxia edulis are picked (harvested) from the plant, the fruit wall is peeled off
and the seeds are placed in sacks. The nomads compete with each other for the yeheb seeds, and
are often harvested before maturity, fearing someone else may harvest ahead of them (Ali, 1988).
This may be a factor in the low seed viability often encountered. Usually all seeds are removed
from the plant at the same time, hampering regeneration of natural stands. Fruits can be harvested

twice a year, provided rainfall is adequate during both rainy seasons (Brink, 20006).

To prevent fruit from being attacked by insects, nuts are processed in such a way that, freshly
picked seeds are roasted or boiled to kill insects and harden the seed coat. In this form they fetch
a higher price on the market, but the practice contributes to the difficulty of obtaining viable seed

for planting (Ismail, 1975).
Marketing

The seeds of Cordeauxia edulis are mostly consumed locally, but are also sold in local markets.
From Ethiopia the seeds are exported to Somalia and Arab countries, but no quantitative
information is available. Seeds have export potential for European market as ‘dessert nuts’ (Brink,
2006). There is a high demand for them; to the extent that exceeds supply because of rapidly
diminishing plant populations (Anonymous, 2004). In Mirafadle settlement in Boh Woreda,
Warder Zone, Somali National Regional State (SNRS), a tin full of nuts was sold for 1.25 US § .in
July 2001. As the nuts have a nice taste, the tree has a considerable potential as a food crop in the

driest of the semi-arid areas in the Horn of Africa (Guinand & Lemessa, 2002).

Bally (1966) also confirmed that the seeds are sold on the local market and exported to the coastal

area, where they are much in demand. However, according to Kazmi (1979), relatively small
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quantities of the nuts ever enter the commercial trade, and are brought to the markets in Somali

towns. It is usually sold by volume measured by “kombo” a container which holds about 500 g.
Other uses

Foliage: The species is 'evergreen' and produces abundant fodder for camels and goats during the
dry season (Anonymous, 2004). Plants may contribute up to half the biomass of the area and it is
used by camels and goats as an important dry season browse. The estimated average forage
production is 325-450 kg ha-1 (1.4-2 kg/plant) (Brink, 2006). Some of the livestock coming from
the Central Zone of Somalia, are highly appreciated especially for the taste of their meat by
domestic and foreign consumers, have a characteristic pink colour on their bones. To most Somali
consumers this is a mark of quality meat from animals that have browsed C. edulis. Most probably
the pigment found in glands in the leaves of C. edulis, Cordeauxiaquinone or its metabolites bring
about this phenomenon as only animals that feed on C. edulis get this pink colour on their skeleton.
This natural pigment Cordeauxiaquinone, with a brilliant pink colour, is not known elsewhere in

the plant kingdom (Lister et al., 1955; Harborn et al., 1971).

Yeheb foliage is rich in energy when compared to standard energy content of good quality fodder
available in tropical areas but, some mineral levels (P, Mg, Mn and partly Zn) would not satisfy

the demands of animals if yeheb were the only source of fodder (Drechsel and Zech, 1988).

Leaves have been used to dye cloths, calico and wool since the cordeauxiaquinone forms vividly
colored and insoluble combinations with many metals (Booth and Wickens, 1988). This pigment
is easily extracted from the leaves and easily crystallized: from 380 g dry matter of leaves about
2.7 g Cordeauxiaquinone can be obtained in crystal form. The crystallised pigment can be
dissolved in Chloroform, Benzol, Ethanol, but little in Ether or water. Cordeauxiaquinonedose not
contain nitrogen, sulphur or halogens and its molecular formula was elucidated as C14H1207
(Lister et al., 1955). They are used by the Somalis and were used by the Italians in wartime, when
there was a shortage of aniline dyes as a dye. The Somalis use approximately 2 1b (0.2 kg) of
pulverized leaves to dye 10 yards (9.1 m) of 36 inch (91.4 cm) wide calico (Bally, 1966). The

leaves can also be infused to make a tea (Greenway and Raymond, 1947).

Construction and fire wood: The hard wood is used as fire-wood for cooking (Vietmeyer, 1985).

The twigs are also used as constructing material for houses. As yeheb is resistant against termite
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attacks, houses and fences made of yeheb persist for decades. The plant also protects the soil from

erosion (Liew, 2003).

Medicine: Yeheb nuts is used medicinally to stimulate hemopoiesis (blood cell formation). It is
used to regulate gastric secretion and for treatment of ulcers. It is also believed that the nuts can
be used to alleviate anemia by augmenting the number of red blood (Anonymous, 2004; Brink
2006). Animals fed on yeheb nuts before export to foreign countries or to the slaughterhouses, do
not show any noticeable anomalies in their appearance and when examined for the most common

diseases (Gutale and Ahmed, 1984).

Oil: Yeheb seed is used to produce oil. It is intermediate between liquid oils and solid fats, tastes
less pleasant than olive oil, possibly useful for soaps, with a byproduct that can be used for fodder

or manure (Davis et al, 1983).

Other uses: the species is used for various purposes, including, bee forage, mulch, and nitrogen

fixation (Bekele et al., 1993).

3.4. Anti-nutritional factors in yeheb nut

Anti-nutrients have been defined as substances, which by themselves, or through their metabolic
products arising in living systems, interfere with food utilization and affect the health and

production of animals (Francis et al., 2001).

In common with those of other grain legumes,). Yeheb Seeds are low in anti-nutritional factors
and are free of toxic phytohemagglutinins, lectins, alkaloids and glycosides, however, trypsin
inhibitors are present in similar proportions to Lablab purpureus (hyacinth bean) (Miege and Miége

1978).

3.4.1. Trypsin inhibitors

Trypsin inhibitors (TI) have a wide distribution in the plant kingdom and are present in most
legume seeds and cereals (Francis et al., 2001). In comparison with most edible legumes, trypsin
inhibitor activity (TIA) in yeheb seed similar proportions to Lablab purpureus (hyacinth bean)
(Miege and Miege 1978).Trypsin inhibitors inhibit growth by interfering with the digestion of
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protein in the intestine of animals thereby causing hypertrophy of the pancreas (Oke, 2007). The
major physiological effect of trypsin inhibitor is to cause the enlargement of the pancreas and

secretion of excessive amounts of pancreatic enzymes much of which is lost to the animal in faeces

(Aletor et al., 1994).

3.4.2. Phytate

Phytate, which is also known as inositol hexakisphosphate, is a phosphorus containing compound
that binds with minerals and inhibits mineral absorption. The presence of phytate in foods has been
associated with reduced mineral absorption due to the structure of phyate which has high density
of negatively charged phosphate groups which form very stable complexes with mineral ions

causing non-availability for intestinal absorption (Walter et al., 2002).

Phytates are generally found in food high in fiber especially in wheat bran, whole grains and
legumes (Lori et al., 2001). The major concern about the presence of phytate in the human diet is
its negative effect on mineral uptake. Minerals of concern in this regard include zinc, iron, calcium,
magnesium, manganese and copper (Lopez et al., 2002). The formation of insoluble mineral-
phytate complexes at physiological pH values is regarded as the major reason for the poor mineral
bioavailability, because these complexes are essentially non absorbable from the human
gastrointestinal tract. Furthermore, the human small intestine has only a very limited capability to
hydrolyse phytate due to the lack of endogenous phytate degrading enzymes and the limited
microbial population in the upper part of the digestive tract. Solubility and stability of myo-inositol
phosphate--mineral complexes have been found to decrease as the number of phosphate residues
on the myo-inositol ring decreases. Therefore, removal of phosphate residues from phytate results

in a reduced impairment of intestinal uptake of essential dietary minerals (Sandberg et al., 1999).

In isolated form only myo-inositol pentakisphosphate suppressed absorption of iron, zinc and
calcium in humans, while myo-inositol tetrakis- and trisphosphates had no effect in the
concentrations under investigation. In the presence of higher phosphorylated myo-inositol
phosphates, however, myo-inositol tetrakis- and trisphosphates were shown to contribute to the

negative effect of phytate on iron absorption. Because a strong negative correlation was found
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between zinc absorption and the sum of myo-inositol tris- through hexakisphosphate from cereal

and legume meals, such a contribution is probably also true for zinc absorption (Sandberg, 1991).

Phytic acid binds trace elements and macro-elements such as zinc, calcium, magnesium and iron,
in the gastrointestinal tract are making dietary minerals unavailable for absorption and utilization
by the body. It can also form complexes with proteins, proteases and amylases of the intestinal
tract, thus inhibiting proteolysis. Moreover, the phosphorus in phytate has been considered to be
largely unavailable to the organism because of the limited capacity of monogastric species to

hydrolyse phytate in the small intestine (Drewnowski and Gomez-Carneros, 2000).

Phytate is also known to form complexes with proteins at both acidic and alkaline pH. This
interaction may affect changes in protein structure that can decrease enzymatic activity, protein
solubility and proteolytic digestibility. However, the significance of protein-phytate complexes in
nutrition is still under scrutiny. Strong evidence exists that phytate-protein interactions negatively
affect protein digestibility in vitro and the extent of this effect depends on the protein source

(Cheryan, 1980).

3.4.3. Tannins

Tannins are polyphenol components prevalent in food legumes. Studies have shown that tannins
interact with proteins, enzymes or nonenzymes, and form tannin-protein complexes, which
decrease protein digestibility and protein solubility. This decrease in protein digestibility may be
caused by either the inactivation of digestive enzyme or the reduction of the susceptibility of the
substrate proteins after forming the complex. Polyphenols are found to interact with proteins and
cause either inactivation of enzyme such as trypsin and chymotrypsin or make protein insoluble.
Polyphenols inhibit several enzymes including a-amylase, lipases, pectin esterases, cellulases and
B-galactosidase (Salunkhe et al., 1985). In addition to this, tannins reduce the bioavailability of

vitamins and minerals (Chavan et al., 1986).

Chickpea seeds (whole seed) contain 78 to 272 mg tannins per 100 g seeds; while the cotyledons
have only 16 to 38 mg per 100 g seeds. Tannins are mainly located in the seed coat. There is a
considerable variation in seed coat color among the various chickpeas cultivars. The polyphenols

in cultivars, which have darker testa color, inhibit the digestive enzyme activity more than cultivars
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with lighter testa color. These components impart astringent flavors, which are not always
desirable. Some processing treatments such as dehulling and cooking considerably reduce the level
of tannins in legume. As such, chickpea seeds with light color are preferred for whole seed

consumption (Chavan et al., 1986).

3.4.4. Oxalates

It is a dicarboxylic acid which forms an insoluble calcium salt with a 1:1 molar stoichiometry.
Oxalic acid and its salts occur as end products of metabolism on a number of plant tissues. When
these plants are eaten they may have an adverse effect because oxalates bind calcium and other
minerals while oxalic acid is a normal end product of mammalian metabolism. The consumption
of additional oxalic acid may cause stone formation in the urinary tract when the acid is excreted
in the urine (Noonan et al., 1999). The distribution of oxalate within plants is also uneven. In
general oxalate content is the highest in leaves followed by the seeds and it is the lowest in the
steams. Oxalic acid concentrations tend to be higher in plants than in meats, which can be

considered oxalate free planning low oxalate diets.

Oxalic acid forms water soluble salts with Na, K*, and NH4 *ions it also binds with Ca®*,Fe?*, and
Mg**rendering these minerals unavailable to animals. However Zn>" appears to be relatively
unaffected. In plants with a cell sap of approximately pH 2, such as some species of Oxalis and
rumex oxalate exists as the acid oxalate (HC204), primarily as acid potassium oxalate. In plants
with a cell sap of approximately pH, 6, such as some plants of goosefoot family it exists as oxalate
(C204)* ion usually as soluble sodium oxalate and insoluble calcium and magnesium oxalates.
Calcium oxalate is insoluble at a neutral or alkaline pH, but freely dissolves in acid (Noonan et al.,

1999 ).

The concentration of calcium oxalate changes as a result of processing (Noonan, Savage, & Reg
Nutr, 1999 ).Boiling and Soaking may cause considerable skin rupture and facilitate the leakage
of soluble oxalate into cooking water (Bhandari & Kawabata, 2004). It is reported that, boiling
reduces oxalates significantly (82.1%) reduction after boiling for 40min as opposed to roasting
and steeping which reduce 61.9% after 40-45 min and 43.3% after 24years respectively (Adeyeye
et al., 2000). Although cooking proved to be most effective in terms of the reduction of total

oxalate, water soluble minerals also leached out at the same time.
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3.5. Functional properties

Functional properties indicate the ability of the proteinaceous material to hold oil or fat and water,
to emulsify the same and to form products having a firm consistency upon heating and cooling
include viscosity, dispensability, emulsify, and form gels, foam, produce films and absorb water

and /or fat.

3.5.1. Water absorption capacity

Water absorption capacity describes flour — water association ability under limited water supply
(Oladele and Aina, 2007). It gives an indication of the amount of water available for gelatinization.
Water binding capacity is a useful indication of whether flour or isolates can be incorporated into
aqueous food formulations (Udensi and Okoronkwo, 2006). Moreover, the oil and water holding
capacity could be a function of the protein composition, not only due to the hydrophilic and

lipophilic groups exposed but also due to the physical entrapment of oil.

3.5.2. Oil absorption capacity

Oil absorption is an important property in food formulations because fats improve the flavor and

mouth feel of foods (Odoemelam, 2005).

3.5.3. Foaming capacity and stability

The foam ability of flours has been shown to be related to the amount of native protein. Native
protein gives higher foam stability than the denatured protein. It is related to the amount of

solubilized protein (Odoemelam, 2005)

3.5.4. Bulk density

Bulk density is a measure of heaviness of a flour sample. It gives an indication of the relative
volume of packaging material required. Generally, higher bulk density is desirable for the greater

ease of dispensability and reduction of paste thickness (Udensi and Okoronkwo, 2006).
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3.5.5. Swelling Power

The swelling power or swelling index is the measure of the ability of starch to imbibe water and
swell. It can also be defined as the swollen sediment weight (g) per gram of dry starch. Swelling
can also be positively related to the amount of soluble solids leached outside the granules during
heating. The initial granule size also influences the swelling and determines the onset of
gelatinization. Starch with higher amylose content has significantly lower swelling power. Leach

et al., (1959) reported that the amylose acts both as diluent and inhibitor of swelling.

Sanni et al., (2005) reported the swelling of granules reflect the extent of associative forces with
the granule, therefore the higher the swelling index, the lower the associative forces. Values for
swelling powers at higher temperatures should represent progressive relaxation of the bonding
forces within the granules. Dengate (1984) explained that, differences in swelling behavior
appeared to be caused by differences in lipid and amylose content as well as granules organization.
Li and Yeh (2001) studied various starches and concluded that the thermal and dynamic
rheological characteristics are essential to investigate the swelling phenomenon. Temperature has
a significant impact on the swelling power. Swinkels (1985) reported yam bean starch has a lower
swelling power than that of cassava starch. The high swelling power of potato would be due,
among others, to the high phosphate content because the negative charges allowed easier water

entrance into the granules.

3.5.6. Solubility

The solubility values of starch ranged from 4.25 to 5.96%. Ikegwu et al., (2009) observed a range
of water absorption capacity (59.75 — 68.02%) of different starches analyzed. The ability of food
materials to absorb water is sometimes attributed to their protein content (Kinsella, 1976).
Solubility of starch depends on the type and origin of the starch. Solubility of the starch provides
evidence of non-covalent bonding between molecules within the starch granules. Many factors
may influence the degree and kind of association at the molecular level. These factors include the
ratio of amylose to amylopectin, the characteristics of each fraction in terms of molecular
weight/distribution, degree and length of branching, and conformation (Hoover, 2001; Leach et

al., 1959). Rickard et al. (1991) reported that temperature of an aqueous suspension of starch is
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raised above the gelatinization range, hydrogen bonds holding the starch granules continue to be
disrupted. Water molecules become attached to the liberated hydroxyl groups and the granules

continue to swell, and as a direct result of swelling, there is a parallel increase in starch solubility.

3.6. Effects of traditional processing on anti-nutritional factors

Khokhar and Chauhan (1997) reported the anti-nutritional factors in Moth Bean (Vigna
aconitifolia).The dry seeds were given different treatments including soaking, sprouting and
cooking and the changes in the level of the anti-nutritional factors were estimated. Soaking the
seeds in plain water and mineral salt solution for 12 hr decreased phytic acid to the maximum (46—
50%) whereas sprouting for 60 hr had the most pronounced saponin lowering effect (46%). The
cooking method of processing was less effective in reducing the levels of these anti-nutritional

factors.

In general, diet-related factors have a greater influence on the bioavailability of the micronutrients
in plant foods, particularly Ca, Fe and Zn, than on the macronutrients. The absorption of Ca, Fe
and Zn is particularly affected. The net effect on the nutrient bioavailability depends on the balance
between factors that either inhibit or enhance nutrient absorption and/or utilization in the whole

diet (Sandstrom, 2001).

3.7. Effect of traditional processing on reducing anti-nutritional factors

Soaking

Soaking is often used as a pretreatment to facilitate processing of legume grains and cereal seeds.
Soaking may last for a short period, about 15 to 20 minutes, or for a very long period, usually 12
to 16 hours. In household situations cereals and legumes are typically soaked in water at room
temperatures overnight. Because phytate is water soluble, a significant phytate reduction can be
realized by discarding the soak water. In addition, action of endogenous phytases contributes to
phytate reduction. Temperature and pH value have been shown to have a significant effect on
enzymatic phytate hydrolysis during soaking. If the soaking step is carried out at temperatures

between 45 and 65 °C and pH values between pH=5.0 and 6.0, which are close to the optimal

24



conditions for phytate dephosphorylation by the intrinsic plant phytases, a significant percentage
of phytate (26—100 %) was enzymatically hydrolysed (Greiner and Konietzny, 2006).

Moreover, soaking removes some of the non-nutritional compounds, which can be partly or totally
solubilised and eliminated with the discarded soaking solution (Frias et al., 2000). Some previous
studies reported in the literature have analyzed the effect of the soaking conditions on the main
quality parameters in the final product (Frias et al., 2000; Sayar et al., 2001). Frias et al (2000)
concluded that the seed coat controls water absorption up to a certain level of moisture. Frias et al.
(2000) also concluded that the differences in water absorption might be due to the differential
solubilisation of the starch during soaking which is caused mainly by differences in starch

structure, seed size and membrane permeability.
Roasting

Roasting consists of dry heat to the seed material by conduction or convection and heat radiations.
In conduction equipment heating can be indirect through a granular medium, or direct through a
metallic surface heated with a burner or electric resistances. In convection equipment, like drum-
drier, the seeds are heated by hot air and infrared radiations generated by a gas-fired burner.

Residence time can be adjusted from 1 to 10 minutes as a function of the slope of the drum.

There are many types of roasting techniques such as rotary drum dryer, salt-bed roasting and
conventional grain dryer. The most commonly used roasting systems are the rotating drum,
fluidized bed models, cascade roasting, jet-sploding, micronizing and microwave treatments. The
key difference between these methods is the manner in which the heat is applied (dry or moist) as
well as the use of subsequent lamination or expansion. Most of these methods provide non uniform

cooking of legume with uneven temperature distributions (Prachayawarakorn et al., 2006).
Roasting methods involve the treatment of soybean with a temperature varying between 110 to

170 °c (Cheong, 1997) and for other legume like grass pea with temperature varying between 150
to 210 °c (Teklehaimanot et al., 1993). Ganesh and Grieve (1990) indicated that roasting processes
under commercial conditions tend to be at relatively lower temperatures (125 to 150oc bean
temperature). Finally, the type of heat treatment should be properly defined because of the plethora

of methods used. For definition of roasting, the temperature of the beans at roasting, the time spent
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at this temperature, the cooling rate, and any kind of processing before or after roasting should be

stated (Ganesh and Grieve, 1990).
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CHAPTER 4

4. MATERIALS AND METHODS

4.1. Description of the study area

Geographical Location

The study was carried out in Boh District, Warder Zone, Somali National Regional State (Ogaden)

of Ethiopia. It is the only place where yeheb population currently found in Ethiopia.

Figure 4. Map of Somali Regional State (Ogaden) of Ethiopia showing study site

Climate and Topography

the study area is classified as a semi-desert region, where rainfall is only 150-200 mm a year The
rainfall in the natural habitat of yeheb is bimodal, in which there are two main rainy seasons, of
varying reliability in April-June and October-November, and two pronounced dry seasons (Yahya,
2004). The southwestern monsoon brings the main rains in a few days in March/April to May/June;
the northeastern monsoon, the short rains from October to November. Mean annual precipitation
at the site does not exceed 220 mm (FAO, 1977). The amount of rainfall is higher in April and
October of the two wet season. Daily rainfall pattern is unevenly distributed that of high in one

day and low in the other day (Zerihun, 1999).
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According to Kazmi (1979), the study area is situated at altitude ranging between 300 and1000
m.a.s.l. The relative humidity at 8.00 am is about 75% and at 14.00 pm about 55-65%. The local
monthly range of relative humidity is + 4% (FAO, 1977; Hunt, 1951). The mean monthly wind
speed is 2 - 3 km h-1 except during the southwestern monsoon, when they are 4 - 5 km h-1. Mean
annual potential evapotranspiration varies between 1,700 - 2,600 mm (FAO, 1977; Griffiths,
1972).

4.2. Sample collection and preparation
A seemingly healthy yeheb nuts were purchased from the local markets of Boh District, Warder

Zone in Somali Regional state of Ethiopia. The seeds were cleaned manually to remove foreign

matters, immature and damaged seeds
a) Preparation of raw sample

The cleaned seeds were washed with tap water, rinsed with distilled deionized water and
immediately dried in oven (model: DHG-9055A) at 55 °C for 12 h, under air circulation, and then
milled by electric miller (model no.: NM-8300, Electrical Grinder-NIMA) to pass through a 0.425
mm sieve, the flour was packed in tight plastic bag and stored at room temperature (in the shelf)

until analysis.

4.3. Traditional processing methods yeheb seed

4.3.1. Boiling

Cleaned seeds were soaked in distilled water (1:2 w/v seed to water) for 3 h. the soaking water
was decanted. Again, seed were washed with distilled water, then placed in 2L of distilled boiling
water at 96 °C and cooked for 60 min until it becomes soft. The cooked seeds were immediately
dried in drying oven (model: DHG-9055A) at 55 °C for 12 h. Then dried seeds milled by miller
(model no.: NM-8300, Electrical Grinder-NIMA) to pass through a 0.425 mm sieve, The flour was

packed in air tight plastic and stored at room temperature until required for analysis.

28



4.3.2. Wet roasting

Cleaned seeds were washed with tap water, rinsed with distilled deionized water, soaked with
distilled water (1:5 w/v) at 28 Oc (in water bath) for 20 hr, then roasted at 200 °C for 40 min in

baking oven (model name: SEVERIN) while regularly stirring and turning with a fork. The roasted
seed were milled with an electric miller (model no.: NM-8300, Electrical Grinder- NIMA) to pass
through a 0.425 mm sieve. Packed in air tight plastic and stored at room temperature until required

for analysis.

4.4. Laboratory analysis

4.4.1. Proximate

Moisture content, total ash, crude protein, crude fiber, and crude fat were determined according to
AOAC (2000) using the official methods of 925.09, 923.03, 979.09, 962.09, and 4.5.01,

respectively.

4.4.1.1. Determination of moisture

Moisture of the flour was determined according to the AOAC (2000) using the official method
925.09. Empty aluminum dish and its lid were dried in an oven at 100°C for 1h and cooled in a
desiccator. The dried and cooled dish together with the lid was weighed. About 5g of the prepared
yeheb nut samples (raw, roasted and boiled) were weighed and dried in drying oven with air
circulation at 105 °C for 3hrs, cooled in a desiccator and then weighed. The amount of moisture

was calculated by using the following formula.

29



W2 * 100

Moisture(%) =

Where W= weight (g) of sample

Wo=loss of weight (g)

4.4.1.2. Determination of total ash content (AOAC 923.03, 2000)

Ash was determined by incineration of known weights of the samples in a muffle furnace at 550°C

(Gallenkamp, size 3) until a white ash was obtained. Organic matter was burned off and the

inorganic material remaining was cooled and weighed. Heating was carried out by phases, first to
derive the water, then to char the product thoroughly and finally to ash at 550°C in a muffle
furnace. The ashing dishes (made of porcelain) were placed into a muffle furnace for 30 min at
550°C. The dishes were removed and cooled in a desiccator (with granular silica gel) for about 30

minutes to room temperature. Each dish was weighed . About 2.000g of flour sample was added
into each dish. The dishes were placed on a hot plate under a fume hood and the temperature was

slowly increased until smoking ceases and the samples become thoroughly charred. The dishes
were placed inside the muffle furnace at 5 50°C for 4 hours, and removed from the muffle and then

placed in a desiccator for 1hr to cool. The ash was clear white in appearance. When cooled to room
temperature, each dish. Weight of total ash was calculated by difference and expressed as

percentage of sample. The amount of ash was calculated by using

The following formula.

Where W= weight (g) of sample

Wo=weight (g) of ash
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4.4.1.3. Determination of crude protein

Protein content was determined according to AOAC (2000) using the official method 979.09. A
digestion flask containing about 1 g of sample, to which 6 ml of acid mixture (conc. Sulphuric acid
and conc. orthophosphuric acid) and about 3g of catalyst mixture (K2SO4 and Selenium) were
added and exposed to about 370 oc in order to allow digestion. Then, distillation took place by
adding 25 ml of 40% NaOH and using 25 ml of boric acid with 10 drops of indicator solution.
Finally, the distillate was titrated with standardized 0.1N sulphuric acid to a reddish color. The

crude protein content was estimated using the formula:-

(V2—V1) x N x 14.007 x 100

Total nitrogen percent by weight =
W

Where, V, = Volume in ml of the standard sulphuric acid solution used in the titration for the test
material

V> = Volume in ml of the standard sulphuric acid solution used in the titration for the blank
determination

N= Normality of standard sulphuric acid

N=Weight in grams of the test material

Crude protein content percent per weight =total nitrogen x 6.25

4.4.1.4. Determination of crude fat

Crude fat content of the yeheb flour samples was determined according to the AOAC (2000), using
the official method 4.5.01.

The flasks used for the extraction were cleaned by placing them in Memmert drying oven
(Memmert, Germany) at 70 ¢ for 1 hr and cooled in desiccators. The masses of the cooled flasks
were measured by Adventurer analytical balance of model AR2140 (M1). About 2 g of the yeheb

flour was weighed in to each of the thimbles lined with cotton at their bottom. The thimbles with
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the sample content were placed in to the Soxtec soxhlet extraction apparatus of model 2055. 70
mL of diethyl ether was added in to each flask used for the extraction. The extraction process was
done for about 3 hr and then after the flasks with the contents were removed from the soxhlet and
placed in drying oven at 70 % for 1 hr .The flasks were then placed in desiccators for 30 min. The

masses of each flask together with its fat contents were measured (M>).
The crude fat content was calculated from the equation:

M>—-M;
Crude fat content (%)= —  x 100
W

Where, M>=mass of flask and lipid extracted
Mi=mass of dried flask

W=sample weight.

4.4.1.5. Determination of crude fiber content

Crude fiber content of the yeheb flour samples were determined according to AOAC (2000), using
the official method 920.169.

Aboutl.6 g of the sample was weighed in each of 600 mL beaker. 200 mL of 1.25% sulfuric acid
solution was added to each beaker and allowed to boil for 30 min by rotating and stirring
periodically. During boiling the level was kept constant by addition of hot distilled water. After 30
min 20 mL of 28% potassium hydroxide solution was added in to each beaker and again allowed
to boil for another 30 min. The level was still kept constant by addition of hot distilled water. Then
after 30 min the solution found in each of the beaker was filtered through crucibles containing sand
by placing each of them on Buchner funnel fitted with No.9 rubber stopper. During filtration the
sample was washed with hot distilled water. The final residue was washed with 1% sulphuric acid
solution, hot distilled water, 1% sodium hydroxide solution and finally with acetone. Each of the

crucibles with their contents was dried for 2 hr at about 1300c¢ and cooled in desiccators and
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weighed (M1). Then again they were ashes for 30 min at 5500c in furnace and were cooled in

desiccators. Finally the mass of each crucible was weighed (M).
The crude fiber content was determined by using the formula

M>-M;

Crude fiber (%w/w) =
'Y

Where: M=mass of the crucible, the sand and wet residue,

Mj>=mass of the crucible and the sand

W= sample weight.
4.4.1.6. Determination of crude carbohydrate

The crude carbohydrate was calculated by difference. The mathematical expression is as follow:

Crude carbohydrate (%) = 100-(%crude fiber + % crude protein + % crude fat +% total ash).

4.4.1.7. Determination of gross energy

Gross energy was determined by formula from fat, carbohydrate and protein contents using the
Atwater’s conversion factors; 16.7 kJ/g (4 kcal/g) for protein, 37.4 kJ/g (9 kcal/g) for fat and 16.7
kJ/g (4 kcal/g) for carbohydrates and expressed in calories ( Guyot et al.,2007).

4.4.1.8. Mineral analysis

Calcium, magnesium, zinc and iron were determined using atomic absorption spectrophotometer
method of Osborne and Voogt (1978). The ash obtained after dry ashing at 550 OC was treated

with 5 ml of 6N HCI to wet it completely and carefully dried on a low temperature hot plate. 7 ml
of 3N HCl was added and the dish was heated on the hot plate until the solution just boils. Then,

it has been cooled and filtered through a filter paper in to a 50mL volumetric flask. Again 7 ml of
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3N HCI was added to the dish and heated until the solution just boils. Finally, cooled and filtered
into the volumetric flask. For the determination of calcium, lanthanum chloride (1% w/v) was
added to both standards and samples to suppress interference from phosphorus. Using atomic
absorption spectrophotometer (Varian, spectra-10/20, Australia) a calibration curve was prepared
by plotting the absorption or emission values against the metal concentration in mg/100g. Reading
was taken from the graph, which depicted the metal concentrations that correspond to the
absorption or emission values of the samples and the blank. The Concentration contents were

calculated by using the formula and the result is shown in

(A-b) x V
Concentration (mg/100g) =

10 x wt. of sample

Where; A = concentration in ppm of sample solution
B = concentration in ppm of blank solution

V = volume in mL of the extract

4.4.2. Functional properties

4.4.2.1. Determination of water and oil absorption capacity

Water and oil absorption capacity of flour samples (raw, roasted and boiled) were determined

according to (Oladele and Aina, 2007).

About 1 g of the grounded yeheb flour was mixed with 10 mL of distilled water (density of 1
g/cm3) in a centrifuge tube and allowed to stand at room temperature 30 °c for 1 hr. It was then

centrifuged at 200 rpm for 30 min and the supernatant was noted in a 10 mL graduated cylinder.
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Water and oil absorption capacity was calculated from the equation:
Water absorption capacity =10—V
Where V= volume of water or oil left unabsorbed after centrifugation.

4.4.2.2. Determination of bulk density

Bulk density of the yeheb nut flour samples was determined according to Oladele and Aina,

(2007).

About 50 g grounded yeheb flour was put in a 100 ml measuring cylinder. The cylinder was
tapped continuously until a constant volume was obtained. The bulk density was calculated as
weight of the grounded yeheb nut (g) divided by its volume (ml).

Weight of ground yeheb flour
Bulk density =

Volume

4.4.2.3. Determination of foaming capacity and stability

Foaming capacity and stability of yeheb nut samples (raw, roasted and boiled) were determined
according to (Odoemelam, 2005). About 1 g of the grounded yeheb nut was dispersed in 50 mL
distilled water. The resulting solution was vigorously whipped for 30 min in a kenwood blender
and poured into a 100ml graduated cylinder. The volume before and after whipping was recorded

and the foaming capacity was calculated as percentage volume increase
The foaming capacity was calculated from the equation:
volume after whipping—volume before whipping

Volume increase(%)= x 100
volume before

Foaming stability was determined as the volume of foam that will be remained after 8 hour

expressed as a percentage of the initial volume.

The foaming stability was calculated from the equation:
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Volume of foam left after 8 hrs
Volume of foam(%)= x 100
Initial foam volume

4.4.2.4. Swelling power and solubility

Swelling power and solubility determinations were carried out in the temperature range of 60-
90°C (using the method of Leach et al., 1959). One gram of yeheb flour sample was accurately
weighed and quantitatively transferred in to a clear dried test tube and weighed (W1). About 15
ml of distilled water was added and mixed gently at low speed for 5 min. The slurry was heated in

a thermostatic water bath (Memmert model DIN 2005), at 80°C for 30 min with regular mixing.
The test tube was cooled with its content rapidly to 20 °C. During heating, the slurry was stirred

gently to prevent lumps forming in the flour. The cool paste was centrifuge at 2200 g for 15 min.
The supernatant was decanted immediately after centrifuging into a pre-weighed evaporating can
and dried at 100°C to constant weight approximately for 4 hours. The weight of the sediment was

taken and recorded as (W2) or swollen mass.
Swelling power = (Wt of sediment)/ (sample Wt-Wt of soluble)

Solubility index (%) = (Wt of soluble/Wt of sample) x 100.

4.4.3. Anti-nutritional factors

4.4.3.1. Determination of phytate Content

Phytate content of yeheb nut samples (raw, roasted and boiled) were determined according to Latta

and Eskin (1980).

About 2 g of samples were extracted with 10 mL 2.4% HCI in mechanical shaker for 1 hr at an

ambient temperature and centrifuged at 3000 rpm for 30 min. The clear supernatant was used for
phytate estimation. 1 mL of Wade reagent (containing 0.03% solution of FeCl.6H320 and 0.3%

of sulfosalicilic acid in water) was added to 3 mL of the sample solution (supernatant) and the
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mixture were mixed on a vortex mixer (Thermolyne model, 37600) for 5 seconds. The absorbance

of the sample solutions were measured at 500 nm using spectrophotometer model Du-64.

A series of standard solution were prepared containing 10, 20, 30, 40, 50, 60 ug/ml of phytic acid
(analytical grade sodium phytate) in 2.4% HCI. A 3 mL of standard were added into 15 mL of
centrifuge tubes with 3 mL of water which were used as a zero level (blank). A 1 mL of the wade
reagent was added to each test tube and the solution was mixed on a vortex mixer for 5 seconds.
The mixture was centrifuged for 10 min and the absorbance of the solutions (both the sample and

standard) were measured at 500 nm by using water to calibrate the spectrophotometer.
The phytate content was calculated from the equation:
Phytic acid in mg/100g = (absorbance-intercept) 3/ (slope x p x wt. of Sample x10)

Where, p is density

4.4.3.2. Determination of tannin Content

Tannin was determined by the modified Vanillin assay (Butter et al., 1982). About 2g ground
yeheb was weighed and then extracted with 10 ml absolute methanol for 20 min in rotating screw
cap culture tubes (13 x 100mm). The mixture then centrifuged (Niive, bench-top centrifuge,NF
800R, 2001, Ankara,Turk) for 10min at 3000 x G and the supernatant was used in the analysis.
About 0.0 - 1.0 ml aliquots of catechin standard was dispensed into two sets of culture tubes and

each sample was brought to 1.0 ml by the addition of absolute methanol.

Incubate the tubes in the water bath (BUCHI water bath B-481, BiiCHI, Switzerland). 5 ml of the
working vanillin reagent was added at 1min interval to one set of standards, and 5 ml of the 4%
HCI solution was added at 1min intervals to the second set of standards. The samples in a water
bath were kept for exactly 20 min, and then removed and the absorbance at 500nm was read using
spectrophotometer. The absorbance of the blank was subtracted from the absorbance of the
corresponding vanillin-containing sample. A standard curve has been constructed (Absorbance vs.
catechin) and the linear portion of the curve was extrapolated to produce the standard curve.
Finally, the tannin contents were calculated. Values of tannins were expressed in milligram of D-

catechin equivalent per gram of sample.
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The tannin content was calculated from the equation:

Tannin in mg/100g = (absorbance-intercept)/ (slope x density x weight of samplex10)

4.4.3.3. Determination of oxalate Content

The oxalate content was determined using the method originally employed by Ukpabi and Ejidoh
(1989). The procedure involves three steps: digestion, oxalate precipitation and permanganate

titration.

* Digestion: At this step, 2 g (db) of flour was suspended in 190 ml of distilled water contained in
a 250-ml volumetric flask; ten ml of 6M HCI was added and the suspension was digested at 100°C
for 1 hr, followed by cooling, and the solution was made up to a final volume of 250 ml before

filtration.

* Oxalate precipitation: Duplicate portions of 125 ml of the filtrate were measured into a beaker
and four drops of methyl red indicator was added. This step was followed by the addition of
concentrated NH40H solution (drop wise) until the test solution changed from its salmon pink
colour to a faint yellow colour (pH 4-4.5). Each portion was then heated to 90°C, cooled and
filtered to remove precipitate containing ferrous ion. The filtrate was again heated to 90°C and 10
ml of 5% CaCl, solution was added while being stirred constantly. After heating, it was cooled
and left overnight at 5°C. The solution was then centrifuged at a speed of 2500 rpm for 5 min. The
supernatant was decanted and the precipitate was completely dissolved in 10 ml of 20% (v/v)

H2S04, solution.

* Permanganate titration: At this point, the total filtrate resulting from digestion of 2 g of flour
was made up to 300 ml. Aliquots of 125 ml of the filtrate were heated until near-boiling, and then
titrated against 0.5M standardized KMnOQOs, solution to a faint pink colour which persisted for 30.

The calcium oxalate content was calculated using the formula.

T x (Vme) (DF) x 103
Oxalate = (mg/100g)
(ME) xmf
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where T is the titre of KMnQO4 (ml), Vme is the volume - mass equivalent (i.e. that 1 cm® of 0.05
M KMnOsg, solution is equivalent to 0.00225 g anhydrous oxalic acid), DF is the dilution factor
VTA (2.4, where VT is the total volume of filtrate (300ml) and A is the aliquot used (125 ml)),
ME is the molar equivalent of KMnQj4 in oxalate (KMnQOs, redox rxn. (5)) and mf is the mass of

flour used.

4.5. Statistical analysis

The results are expressed as means + standard deviation. One-way analysis of variance (ANOVA)
was conducted to see the effect of processing on nutrition content of the study samples. Least
Significant Difference (LSD) was used for mean separation. Statistics at p < 0.05 was considered
significant was performed using SPSS version 20 software for windows to compare the difference

between treatment means.
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CHAPTER 5.

5. RESULTS AND DISCUSSION

The proximate and anti-nutritional factors, mineral content and functional properties and the
effects of processing (boiling and roasting) on the levels of certain anti-nutritional factors
(phytates, tannins, and oxalates) related to the samples of yeheb seeds which were collected from

bokh district local market, were studied.

5.1. Proximate composition

Moisture content, total ash, crude fat, crude protein, crude fiber, total carbohydrate and total energy
of yeheb seeds were analyzed and the results are presented in Table 5.1. Yeheb nuts were presented

in three forms, which are the raw, boiled and roasted samples.

The proximate composition of raw Yeheb flour is shown in (Table 5.1;) raw Yeheb flour had
protein content of 15.9%, crude fat 8.8%, crude fiber 15.5%, ash 3.9%, moisture 7.2%, utilizable
carbohydrate 77.9%, and gross energy 383.0 Kcal/100g . The proximate composition of roasted
yeheb flour was: protein 17.7 %, fat 12.5%, fiber 8.0%, and ash 3.2%, moisture 8.40% total CHO
79.8%, and gross energy of 410.73 K cal/100 g. The proximate compositions of boiled yeheb flours
are also indicated in table 5.1. Boiled yeheb contained protein of 17.16 %, crude fat 12.1 %, crude
fiber 6.5%, moisture content of 8.60% total CHO 80.92% and gross energy 412.45Kcal/100 g.
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5.2. The effect of processing on proximate composition of Yeheb nuts

Table 5.1. Comparison of effect of processing on proximate composition of Yeheb nuts

Parameters Raw % Roasted % Boiled %
Moisture 7.20+0.00? 8.40+0.00% 8.60+0.00*
Crude protein 15.97+0.13¢% 17.7240.13¢ 17.16+0.134°
Crude fiber 15.45+0.64* 8.00+0.00° 6.50+0.71°
Total ash 3.99+0.00°¢ 3.20+0.02° 2.40+0.00*
Crude fat 8.75+0.354% 12.45+0.071° 12.10+0.141°
Crude carbohydrate 77.92+2.079? 79.82+1.082° 80.92+1.122

Gross energy

383.00+6.50?

410.73+1.55°

412.45+3.24°

(Kcal/100g)

Values are means of duplicates analysis + standard deviations

A values with different superscripts in the same row are significantly different at P<0.05

Moisture content

Moisture content determination is an integral part of the proximate composition analysis of food.
Moisture content in yeheb flour determines its stability. During processing treatment, there are no
significant (P<0.05) differences among each processing methods. The results indicated that, the
maximum and minimum moisture content was observed in raw and boiled seed 7.20 £+ 0.0, 8.60+

0.0% respectively,

The values of the moisture content are not significantly different from one another. There were
16.67 % and 19.44 % increasing in moisture content of wet roasted and boiled respectively. This
result implies that the raw sample has high shelf life and storage capacity than the roasted and

boiled samples. Due to high moisture content of the boiled samples, they can easily get spoiled
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because water provides enabling environment for microbial growth. This result was in agreement

with the one obtained by Musa (2010).
Total ash

Determination of the ash content in Table 5.1 shows that, the percentage of total ash varied from
2.40+0.00 to 3.99+0.02 % which corresponds to boiled and raw respectively. The percentage of
total ash for wet roasting was determined to be 3.20+0.00 %. The raw samples has the highest ash
content of 3.99+0.02 % when compared with boiled sample, which has the lowest ash content of
2.40£0.00 % . The percentage of ash determined in this study closely agrees with values reported
by Booth and Wickens (1988), 2.2-3.8%, and Seegeler (1981) 2.2 — 3.7 %.

When we compare the processing effect, there was a significant difference (P<0.05) in the total
ash content. There were 19.79 % and 39.85 % decrease in total ash content of roasted and boiled
respectively. Loss in ash might be due to leaching of soluble inorganic salts into the processing
water during the soaking of the sample followed by processing ( roasting, boiling and cooking)
(Esenwah and Ikenebomeh, 2008). The decrease in the ash content by both processing methods is
in agreement with the finding of (Bradbury and Holloway, 1988) that reported, in every case, the
ash content will be significantly reduced by boiling which was consistent with the loss of water

soluble minerals, K, Na, P and S, presumably as potassium and sodium phosphates and sulfates.

Protein

The percentage of protein for the three samples (raw, wet roasted and boiled) of yeheb seed are
given below under Table 5.1. For yeheb seed, the highest percentage of protein was recorded to be
17.72+0.13 and the minimum was found to be 15.97+0.13 for boiling and raw yeheb flour
respectively. The mean value of the percentage of protein content for wet roasting was
17.16+0.134. The protein content of raw yeheb seed was found 15.97+0.13 %, which was in
agreement with the finding of Booth and Wickens (1988), Seegeler (1981) and Musa (2010)
reported 11 % to 16 % of protein.

The protein content of Cordeauxia seed is high when compared with some other wild fruits such

as Baobab Adansonia digitata (3.1%), Vitellaria paradoxa (8.4 - 8.8%), Tamarindus indica (4.1%)
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and Ziziphus Mauritania (4.1%) (Saka and Msonthi, 1994; Teketay et al., 2003). Moreover,
comparison of nutritional content with some cultivated fruit shows that C. edulis is also superior
in protein contents to banana (1.2 % and 0.3 % respectively), guava (0.9 %), mango (0.6 %) and
Papaya (0.6 %) (Srivastava and Kumar, 1998).

When we see the effect of the processing methods there was a significant difference (P<0.05) in
the crude protein content of processed as compared with raw yeheb seed. There were 7.45 % and
10.95 % increasing in protein content of roasted and boiled respectively. The observed increase in
protein content of roasted and boiled samples might be due to loss of soluble solids during soaking.
It might also be attributed to a net synthesis of enzymatic protein during soaking and also might
be from the release of protein from the protein complexing agent (Urga and Gebretsadik, 1993)..
A similar increase in protein content has been reported for Terminalia catappa seeds roasted at a

high temperature (Ezeokonkwo, 2005).
Crude fiber

The results of crude fiber determination are presented in Table 5.1. The value were 5.45+0.6 %,
6.50+0.7 % and 8.00+0.0 % for raw, boiled and wet roasted. Wet roasting had the highest
percentage of crude fiber content and the lowest percentage of crude fiber belongs to raw

(5.4520.64).

It was observed that raw yeheb seed contained 5.45 % crude fiber, in contrast to the finding (2.1
%) of El-Zeany & Gutale, (1982) and Musa (2010) that reported higher range of crude fiber content
(10 to 25 %). When we see the processed samples, roasted and boiled had 8.0 and 6.5 % crude
fiber content respectively. The processing method (roasting and boiling) applied in this study have
a significant difference (P<0.05) in the crude fiber content. There were 46.87 % and 19.27 %

increasing in crude fiber content of roasted and boiled respectively.

The result shows that dietary fiber increased very substantially after boiling and roasting which
were considered to be due to the formation during boiling and roasting of some enzyme- resistant
starch. Boling or conventionally, cooking solubilizes starch and makes it more available and these
starches are enzymatically non degradable starches contributing to a larger proportion of fiber after

boiling. As reported in chapter 3, local people use seed of yeheb medicinally to relieve stomach
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constipation, since consumption of food with high fiber has been reported to help prevention and

treatment of stomach constipation (Weickert and Pfeiffer, 2008).
Crude fat

From Table 5.1, above the result of fat determination in yeheb seed in three different forms, raw,
boiled, and roasted samples are presented. From the Table, the percentage of fat for yeheb seed
was in the range of 12.1+0.14 to 12.5£0.1 %, which corresponds to boiling and roasting
respectively. The percentage of fat for raw is 8.75+0.35 %. The maximum content of fat was

observed in wet roasting (12.45+0.071 %) and the minimum value corresponds to raw

(8.75+0.35%) seeds.

Raw yeheb seed was found containing 8.75 % of crude fat a value lower than previously reported
by Musa (2010) 12.58 %. However, the present finding is in agreement with El-Zeany & Gutale,
(1982) which range from 9.9 to 10.8 %.

When we compare the results of the present study, there was a significant difference (P<0.05) in
the crude fat content of roasted and boiled samples with raw yeheb seed. There were 42.89 % and
38.29 % increase in fat content of roasted and boiled samples respectively. The increased result
might be due to soaking and boiling of the sample that led to the cleavage of the protein-lipid or
carbohydrate-lipid linkages thereby, facilitating the easy extraction of the oil by the extracting
solvent (Esenwah and Ikenebomeh, 2008). In most of legumes fat content is relatively small (<1%
of their dry matter) (bravo et al., 1999). A few species such as soya, ground nut and lupin have

closely amount of fat (5- 20% in range).
Crude carbohydrate

The carbohydrate content of yeheb flour ranges from 79.82 % to 80.92 % and are given in Table
5.1. The carbohydrate content of raw yeheb flour was 77.92 %.The maximum value is indicated
for boiled yeheb flour (80.92 %). The processing methods increased the content of crude

carbohydrate as compared to the raw sample.

Due to the traditional processing methods there was increasing effect on the content of crude
carbohydrate. There were 2.44 % and 3.85 % increase in crude carbohydrate content of roasted

and boiled seeds respectively. The carbohydrate content determined in the present study is by far
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greater than the carbohydrate content of yeheb seed reported by Musa (2010) (36%). In yeheb
seed, boiling has increased the carbohydrate content of yeheb samples to some extent which results
from solubilization of starch which makes it much more available and increase in the carbohydrate
content of processed sample. Boiling of yeheb seed may cause formation of maltose and other

simple sugars by breaking down of starch, increasing the carbohydrate content.
Gross energy

The caloric value was calculated by multiplying the mean valves of crude proteins, crude fat and
total carbohydrate by Atwater’s conversion factor of 4, 9 and 4, respectively. The result of gross
energy determination in yeheb seed in three different forms, raw, boiled, and roasted samples are
presented. In Table 5.1, the percentage of gross energy for yeheb seed varied from 383.00, 410.73

to 412.45 %, which corresponds to raw, roasted and boiled respectively

There were no significant differences (P>0.05) among each processing treatments. The calorific
value (Kcal/100g) was highest in boiled followed by roasted samples. The range of values obtained
for gross energy (GE) (383.00 to 412.45 Kcal/100g) were comparable to the GE of maize and
higher than GE of cassava, Irish potato, yam, sweet potato and taro (Serge Treche, 1996)
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5.3. Anti-nutrients composition

Table 5.3. The results of anti-nutritional factors (phytates, tannins and oxalates) content.

Sample type Phytate (mg/100g) Tannin (mg/100) Oxalate (mg/100g)
Raw 1.65+0.0142 0.0540.001° 0.47+0.021°
Wet roasted 1.40+ .064° 0.043+0.001° 0.34+0.014 °
Boiled 1.05+.028¢ 0.036+0.0012 0.21+0.042 °

Values are means of duplicates analysis + standard deviations

a- ¢ values with different superscripts in the same column are significantly different at P<(.05

Phytate

The Table above shows the result of phytate determination in the three samples of yeheb flour.
The levels of phytates for three samples are given to be 1.65 mg/100g, 1.40 mg/100g and 1.05
mg/100g for raw , boiled and roasted respectively and this shows that the phytate content is the
highest for raw (1.65 mg/100g) which is control or unprocessed sample, and minimum for boiled

(1.05 mg/100g) samples."

The phytate value recorded for raw yeheb nut (1.65 %) was lower relative to 8.25 and 4.25%
reported for white sesame seed and black millet respectively (Odumodu et al., 1992).but higher
than 0.18% reported for locust bean (Eka, O.U., 1980.).

The processing methods reduced the content of phytate to varying extents. Roasting and boiling
lowed the level of phytate to the extent of 20.59 % and 38.24 % respectively over the raw sample.
The loss in phytates in roasted and boiled samples of yeheb may be due to leaching of phytate ions

during soaking into the soaking water under the influence of a concentration gradient (difference
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in chemical potential) which governs the rate of diffusion. In addition, it may be ascribed to the
activation of the endogenous phytase during the long soaking treatment and possible enzyme

action continued during drying step.

Both roasting and boiling of the yeheb flour caused a significant reduction (p < 0.05) in the phytate
content. However, boiling was more effective in reducing the phytate content of the yeheb flour
than boiling. Wet roasting is higher heat treatment process and it degrades phytate to large extent.
This enzyme is capable of hydrolyzing phytate (Oboh et al., 2003), thereby decreasing the phytate

content of the yeheb flour.

The high content of phytate is of nutritional significance as not only is the phytate phosphorous
unavailable to human, as its presence lowers the availability of many other essential dietary
minerals (Siddhuraju and Becker, 2001). Therefore, reduction of phytate is expected to enhance
the bioavailability of proteins and dietary minerals of yeheb. However, there is evidence that
dietary phytate at low level may have beneficial role as an antioxidant, anticarcinogens and likely
play an important role in controlling hypercholesterolemia and atherosclerosis (Phillippy et al.,

2004).Thus moderate amount of this anti-nutrient role in a food may be benefit currently.
Tannins

From Table 5.3, the values of oxalates were 0.054 %, 0.047 % and 0.036 % for raw, boiled and
wet roasted yeheb nut samples, respectively. The value was lower than 0.28% reported for Mucuna
pruriens seeds (Vijayakumari et al., (1998), and 1.3% and 1.9% reported for cashew nut and full-
fat pumpkin seed flours (Fagbemi et al., (2005). (Ahmed et al., 2006) reported 1.75% of tannins
for Guar gum seeds. In addition, 0.15% and 0.07% were reported for soybean and brown millet

(Odumodu et al., 1992).

The processed yeheb samples showed no significant difference (P<0.05) in the tannin content. In
the present study tannin content decreased by 12.9 % and 33.3 % in wet roasted and boiled samples,
respectively. Loss of tannin may be due to solubility in water and its sensitivity to heat. Since
polyphenolic compounds are water-soluble in nature and mostly located in the seed coat, the
decrease in the level of phenolics and tannins during soaking may be attributed to leaching into

the soaking medium (Vijayakumari et al., 2007). Tannins affect nutritive value of food by forming
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a complex with protein (both substrate and enzyme) thereby inhibiting digestion and absorption

(Oboh and Elusian, 2007).

The higher content of tannins is known to inhibit the activity of the digestive enzymes and, thus,
interfere with the digestion and absorption of dietary proteins, carbohydrates, minerals and other
nutrients, such as vitamin B12. They may also cause damage to the mucosa of the digestive tract
and hence, they are undesirable for human consumption from a nutritional point of view

(Vijayakumari et al., 2007).
Oxalates

Oxalate contents of raw, boiled and roasting yeheb flour are shown in Table5.3. The values of
oxalates were 1.0 mg/100, 0.34 mg/100 and 0.21 mg/100 for raw, boiled and wet roasted,
respectively. For raw yeheb flour is 15.86 mg / 100 g on dwb. The oxalate content was recorded

lowest (6.56 mg/100) on dwb for roasting and highest (15.86 mg/100 g) on dwb for raw.

The processing methods used in this study reduced the content of oxalates to varying extents. Wet
roasting and boiling reduced the level of oxalate by 58.6 % and 47.7 % respectively. over the
control value. The reduction of oxalates during boiling may be due to its solubility in boiling water.
Albihn and Savage, (2001), reported that boiling may cause considerable skin rupture and facilitate
the leakage of soluble oxalates into cooking water. Similarly, the same reason can be stated for the

observed high reduction in oxalate level upon boiling in the present study samples.

According to the study reports by (Albihn and Savage, (2001) and Wanasundera and Ravindran,
(1992), oxalate can have deleterious effects on human nutrition and health. This is particularly
associated with decreasing calcium absorption and aiding the formation of kidney stones (Noonan
and Savage, 1999). Therefore, the reduced oxalate content due to processing could have positive
impact on the health of consumers, particularly as the reduction of oxalate levels on boiling and
roasting enhance the bioavailability of essential dietary minerals of the yeheb food products, as

well as reduce the risk of kidney stones occurring among consumers.
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5.4. Effect of processing treatment on mineral contents of yeheb nut

The mineral contents of yeheb flour were shown in Table 5.4. The values of mineral contents were
different slightly from raw samples in all the processing samples. The total iron content showed
significant difference (p< 0.05) in each processing samples. During boiling and wet roasting
decreased by 8.6% and 6.9% respectively. This reduction could be attributed due to the minerals
leached from the yeheb seeds in to the water at different rates during cooking treatments. The
results of the present study also showed that the seed of yeheb is very rich in iron (4.3 mg/100g)
which is higher than some cereals such as rice (1.8mg/100g), wheat (3.5mg/100g) and maize
(2.7mg/100gm) (Léder, 2004). Local people claim that the fruit can be used to cure anemia
problems strengthening the finding of the present study because iron is essential to enhance red

blood cell in human body (Andrews, 1999).

The total zinc content was significantly different (p<0.05) among processed samples. Wet roasting
slightly increase by 4.64% and 7.28% reduced in boiling sample. Similarly, comparing the
processing effect there was a significant difference (P<0.05) in the calcium content of roasted with
that of raw yeheb. 38.45 % and 14.34 % of calcium content was decreased respectively in boiled
and roasted. There was no a significant difference (P>0.05) in the calcium content of roasted and
raw yeheb nut. Loss in calcium content might be due to dehulling as minerals are more
concentrated in the test rather than in the cotyledon (Agbede and Aletor, 2005). Similar results
were reported on Canavalia ensiformis and Mucuna pruriens seed flours by Agbede and Aletor,
(2005). There was no a significant difference (P>0.05) in the calcium content of roasted and raw
yeheb. The processed yeheb samples showed a significant difference (P<0.05) in the Magnesium
content. In the present study Magnesium content increased by 1.81 % and 5.33 % in roasted and
boiled respectively. However, there was no significant difference (P > 0.05) between the level of

Mg in both roasted and raw samples.
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Table .5.4. Calcium, magnesium, iron and zinc contents of the raw and processed sample.

Sample type C a mg/100g Zn mg/100g Fe mg/100g Mg mg/100g
Raw 243.87+0.792%  3.02+0.007° 4.295+0.035° 80.55+ 0.7432
Wet roasted 290.16+4.363°  3.16+0.014° 4.59+0.127° 82.014+0.799%
Boiled 250.31+1.711%  2.80+0.028% 3.92+0.078% 84.84+0.318°

Values are means of duplicates analysis + standard deviations

a- ¢ values with different superscripts in the same column are significantly different at P<0.05
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5.5. Functional Property

These are bulk density, water and oil absorption capacity, foaming capacity, foaming stability,

swelling power and solubility index.

Table 5.5. The functional properties of flour from the yeheb seeds.

Parameters Raw Roasted Boiled

Bulk density (g/ml) 0.59+0.014% 0.67+0.007° 0.82+0.014°
Water absorption capacity 3 7510.071° 3,03i0.021b 1.974+0.092
(ml/g)

Foaming capacity (%) 4.72+ 1.342 8.49+ 1.332 5.02+ 1.432
Foaming stability (%) 101.9140.021%  118.42+ 1.15° 104.72+ 1.34%
Swelling power (%) 2.83+0.052 2.75+0.014° 2.64+0.04%
Solubility index (%) 24.65+2.05° 20.15%1.20% 14.75+1.912

Values are means of duplicates analysis + standard deviations. * ¢ values with different

superscripts in the same row are significantly different at P<0.0
Bulk density

The bulk density of raw yeheb flour was found to be 0.59 %, which was in agreement with the
other legume like wheat flour (0.57g/ml) (Ade-ornowaye et al., 2008) while that of jack fruit flour
is 0.61g/ml (Odoemelam, 2005). Yeheb flour exhibited significantly different bulk densities
attributed to processing. Samples having higher bulk density are a direct manifestation of their

moisture content as moisture is the measure of bulk density of the flour.

Bulk density is a measure of heaviness of a flour sample. It gives an indication of the relative

volume of packaging material required. Generally, higher bulk density is desirable for the greater
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ease of dispersibility and reduction of paste thickness. Flour from boiled flour was found to have
the highest bulk density while raw flour was found to have the lowest. So, boiled flour was found
to have high dispersibility in water and need lower volume packaging material compared to the
other two samples. Raw flour on the other hand was found to have low dispersibility and need
higher volume packaging material compared to the other two samples. Moreover, higher bulk
density is desirable for the greater ease of dispersibility and reduction of dough thickness which is

an important factor in convalescent child feeding (Udensi and Okoronkwo, 2006).
Water absorption capacity

The water absorption capacity of the yeheb flour samples are presented in Table 5.5. The water

absorption capacity of yeheb flour of sample ranges from 3.75 to 1.97 ml/g.

It was observed that raw yeheb flour contained 3.75 % WAC, which is in agreement with the
finding by (Odoemelam, 2005) that reported 2.3ml/g of WAC for jack fruit flour.while that of
water yam variety is found to have 3.65 ml/g (Udensi et al., 2008). The flour of tigernut variety is
also found to have 1.37 ml/g WAC (Oladele and Aina, 2007).

There were 19.7 % and 48 % reduction in WAC of yeheb nut flour due to roasting and boiling
respectively. The observed decrease in WAC of roasted and boiled samples might be due to the
gelatinization of the starch molecules. In addition, change in the fat content of the samples could
be other plausible reason behind this pattern of change as fat is hydrophobic. Water absorption
capacity is a useful indication of whether flour can be incorporated into aqueous food formulations
especially those involving dough handling (Okorie and Bello, 1988; Giami, 1993). The less water
absorption capacity results obtained suggest that yeheb flours may not be comparable with others
which have high WAC in food systems such as bakery products which require hydration to
improve handling characteristics. The water absorption capacity of flour has been observed to be
dependent on the starch and protein concentration in the material coupled with the size of the
particles. Generally, the water absorption characteristics of the root flour is very important
depending on the ultimate product to which the flour is intended to be converted which may include

snack foods, extruded foods, and in bakery products (Mbofung et al., 2006).

52



Foaming capacity

The foaming capacities of the flour of study flour samples are presented in Table 5.5. The foaming
capacity varies from 4.7 %, 8.5 % and 5.0 % representing the foaming capacity of raw, boiled and
wet roasted respectively. The foaming properties of these roasted and boiled sample varieties
studied fall within the range of values for the African bread fruit seed flour (2.30 to 70.80%)
reported by Fasasi et al. (2007).

In general, there was no significant difference (P<0.05) in the foaming capacity. Upon processing,
foaming capacity reduced by 36.73 %, and 68.97 % due to roasting and boiling. During boiling,
proteins will be denatured irreversibly by heat treatment and result in reduction of protein content
of the flour. Therefore, the result of foaming capacity of yeheb flour for boiled sample obtained in
this study is agreement with this fact. Foaming of the flour is the manifestation of protein content.
The decrease in protein content of boiled sample may cause reduction in the foaming capacity of
the flour. Roasting on the other hand has significantly decreased the foaming capacity of the flour.
The most probable reason for decreased in the foaming capacity of flour is due to its mucilage (a

soluble glycoprotein) content and it is negatively affected by heating (Tagodoe and Nip, (1994).

Foaming properties of oil seeds proteins are important for the domestic market to be used in the
preparation of various food products. Foam formation and stability are a function of the type of
protein, pH, processing methods, viscosity and surface tension (Yasumatsu et al., abs1972). Foam

ability of the proteins was concentration dependent (Sathe and Salunkhe, 1981).
Foaming stability

The foaming stability of yeheb flour are indicated in Table 5.5. The foaming stability ranges from
101.91 to118.42 % which refers to boiled and roasting respectively. Maximum determination was

obtained for raw (101.91%) and the minimum determination was found to be 118.42% for roasting.

The results showed that, both boiling and roasting have significantly affected (P<0.05) the foaming
stability of the yeheb flour in both sample. Roasting has significantly reduced (p<0.05) the foaming
stability of yeheb flour. Foam stability (FS) is important since success of whipping agent depends
on its ability to maintain the whip as long as possible (Lin and Humbert, 1974). According to
Deland et al. (1994), the protein film at the air-liquid interface provides foam ability but this

requires some denaturizing of the protein during whipping and also rearrangement of the
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hydrophilic and hydrophobic groups; suggesting that the amino acid composition and
conformational structure might develop foam with an adequate volume. However, they might not

be enough to stabilize the foam.
Swelling power

Roasted flour of yeheb nut was found to have the lowest swelling power 2.75 % compared to the
other two yeheb flour. The swelling power of raw and boiling flour of yeheb is given to be 2.83 %
and 2.64 % respectively. The swelling power obtained in this study for the three samples are less
than the value reported by other legumes like Ahipa flour (Doporto et al. , 2011) reported swelling
power values of about 800 g/100g sample and Swinkels (1985) reported that yam bean starch has
about 10.62%. As swelling refers to absorption of water, it may be inhibited by the lipid content
of the flour (Hood et al., 1998). The Value of swelling power in this study for yeheb nut was
determined to be the lowest in roasted flour which has the highest percentage of lipid content

1.05%.

Comparing the processing effect there was a significant difference (P<0.05) in the swelling power

of boiled and roasted with that of raw yeheb.
Solubility index:

The solubility index of yeheb flours are indicated in Table 5.5. The solubility index of yeheb nut
for the three treatments ranges from 20.15 % to 14.75 % which correspond to boiled and roasted,

respectively. The solubility index for raw was 24.65 %.

Processing had significant difference (P<0.05) on the solubility index of roasted and boiled with
raw yeheb flour. High solubility index is associated with high content of amylose, which is
believed to leach out easily during the swelling process (Soni et al., 1993). Also high amylose
content is linked with low swelling power due to greater reinforcement of the amylose molecules
(Hoover, 2001). Highly associated starch granules with an extensive and strongly bonded structure

also exhibit resistance to swelling (Leech et al., 1959).
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Chapter 6

6. Conclusion and Recommendations

6.1. Conclusions

Yeheb nut (Cordeauxia edulis) is an extremely useful species for the local community in every
aspect including food, forage, construction (home and fence), fuel wood, and medicine and it is
the first study on the effect of processing methods on nutritional, anti-nutritional and mineral
evaluation of raw, roasted and boiled seed of yeheb nut of ethiopia. Processing (roasting and
boiling) had significant positive influence on nutritional quality of yeheb nut. The study result

revealed that yeheb nut is nutritionally better in both roasted and boiled form.

This study has demonstrated that the processing of the yeheb nut using the methods of roasting
and boiling resulted in a significant reduction of phytic acid, tannin, and oxalate contents. These
results clearly indicate that these processing methods are useful for improving the nutritional

quality of the yeheb nut with respect to protein, carbohydrate and mineral.

The present finding uncovered information on anti-nutritional factors (phytate, oxalate and tannin)
of raw, roasted and boiled yeheb nut collected from warder zone. The results of this study showed
that raw yeheb nut contains low levels of anti-nutrients (oxalate and tannin) except phytate, when
compared to other reported raw legumes. Moreover, there were further reductions of the anti-
nutritional factors during boiling and roasting process. Among the processing methods, roasting
was found to be the best method to reduce 20.59 % and phytate, followed by boiling yeheb 38.24
% seeds. Regarding the tannin content, boiling is the best method12.9 % followed by roasting
33.3 %. The results also indicated that such processing methods may be useful for improving the
nutritional quality of the yeheb nut with respect to crude protein, crude fat, crude fiber, total ash

and utilizable carbohydrate as well as mineral sand can be used as supplement to the rural areas.

It could be concluded that, chemical composition, functional properties and mineral content of
yeheb flour were affected by different processing methods (boiling and roasting). Different
treatment for yeheb flours increase the content of protein in all processed yeheb flours. Mineral

content values of all processed flours decreased in boiling and roasting as compared with raw flour.
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All values of functional properties for processed flour were high compared with those of raw

flours.

The results from this study showed that processing is needed before yeheb nut could be consumed

as shown by the nutritional and anti-nutritional qualities of raw, roasted and boiled yeheb nut.

6.2. Recommendation

Based on the results of the present study the following general recommendations are made.

K/

AS

In order to develop new market opportunities to stimulate economic growth in the region, one
would have to expand alternative utilization or processing methods in agri-food systems, and
strengthen farmers-research linkages. This would help implementation of new and potential
technologies in the countries like Ethiopia. Further researches and development program which
can be integrated into currently ongoing research activities are necessary.

C. edulis is a wild plant found in an extremely remote and isolated area. As a result little

research has been conducted on it so far and much remains to be learned about the plant.

Studies should be undertaken for new product development like weaning food mixes, and

cookies etc. using yeheb nut.

As other legumes, yeheb nut is low in sulfur containing amino acids, it is better consume with

cereals to obtain well essential amino acids.

It is recommended that education is given to local communities to increase their awareness
about the importance of this resource and the consequence of its extinction on their livelihood
and encourage conservation of the species by controlling browsing, excessive seed harvesting

and cutting and establishing reserves with good management.

It is recommended that further investigation is needed on the Sensory characteristics of

processed yeheb nut product
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% Combined methods such as soaking in water and then boiling should be used to reduce the

anti-nutrients effectively.

7
L X4

Government legislation is required by putting in place the appropriate policies that provide
sustainable utilization and conservation to protect and save the species; resource use and
environmental policy.

¢ The claim by the local community on the benefit of yeheb nut for hypertension or diabetics
should warrants further investigation.

57



7. References

Adebowale, Y. A., Adeyemi, 1., Oshodi, A. A. (2005). Variability in the physicochemical,

nutritional and anti-nutritional attributes of six Mucuna species. J. Food Chem. 89:37-48.

Adeyeye, E.I., Arogundade, L.A., Akintayo, E.T., Aisida, O.A. and Alao, P.A. (2000). Csalcium,
zinc and phytate interrelationships in some foods of major consumption in Nigeria. J. Food Chem.

71:435-441.

Agbede, J.O., and Aletor, V.A. (2005). Studies of the chemical composition and protein quality
evaluation of differently processed Canavalia ensiformis and Mucuna pruriens seed flours. Journal

of Food Composition and Analysis, 18: 89—-103

Ahmed, M.B., R.A. Hamed, M.E. Ali, A.B. Hassan and E.E. Babiker, 2006. Proximate
composition, antinutritional factors and protein fractions of Guar gum seeds as influenced by

processing treatments. Pakistan J. Nutr., 5: 481-484.

Albihn, P.B.E. and Savage, G.P. (2001). The effect of cooking on the location and concentration

of oxalate in three cultivars of New Zealand-grown oca (Oxalis tuberosa Mol). J. of the Science of

Food and Agric. 81: 1027-1033

Aletor, V.A., EI-Moneim, A.A. and Goodchild, A.V. (1994). Evaluation of the seeds of selected
lines of three Lathyrus species for -N-Oxalylyamino-L-Alanine (BOAA), tannins, trypsin inhibitor

activity and certain in-vitro characteristics. J. Sci. Food Agric. 65:143-151

Ali, H.M. 1988. Cordeauxia edulis: Production and Forage Quality in Central Somalia. Thesis for

the degree of Master of Science in Rangeland Resources, National University of Somalia, Somalia.

Allen, O.N. & Allen, E. K. (1981).The leguminosae: a source book of characteristics, uses and

nodulation. Madison: University of Wisconsin press.

58



AOAC. (2000). Official methods of analysis. (Vol.ii 17th ed.), of AOAC International Assn. of
Official Analytical Chemists, Washington, DC, USA, Official Methods 925.09, 923.03, 979.09,
962.09, 4.5.01.

Aremu M.O., Olaofe O., and Akintayo E.T. (2007). Functional Properties of Some Nigerian
Varites of Legume Seed Flour and Flour Concentration Effect on Foaming and Gelation

Properties. J. Food Techno 5: 109-115.

Assefa F., Bollini R. and Kleiner D. (1997) Agricultural potential of little used tropical legumes
with special emphasis on Cordeauxiaedulis(Ye-eb nut) and Sphenostylisstenocarpa(African

yambean). GlessenerBeitrddezur Entwicklungsforschung24:237-242.

Augustin, J., Beck, C. B., Kalbfleish, G., Kagel, L. C., Matthews, R. H. (1981). Variation in the
vitamin and mineral content of raw and cooked commercial Phaseolus vulgaris classes. J. Food

Sci .46:1701-1706.

Bally, P.R.O. 1966. Miscellaneous notes on the flora of Tropical East Africa. Enquiry into the
occurrence of the Yeheb nut (Cordeauxia edulis Hemsl.) in the Horn of Africa. Candollea, 21: 3-

11.

Baumer, M. 1983. Notes on trees and shrubs in arid and semi-arid regions. Rome, FAO,

EMASAR phase II, 31pp.

Bazzano, L., HE, J., Ogden, L. G., Loria, C., Vupputuri, S., Myers, L. (2001). Legume
consumption and risk of coronary heart disease in US men and women. Archive International

Medicine. 161:2573-2578.

Bekele,T. A., Birnie, A. and Tegnas, B. 1993. Useful Trees and Shrubs for Ethiopia.
Identification, propagation and management for agricultural and pastoral communities. Regional

Soil Conservation Unit. Technical Handbook, No 5, 180 pp.

Bender, D.A. (2006). Benders’ dictionary of nutrition and food technology. Wood head
publitiong in food science, technology and nutrition. Eighth edition; Cambridge, England

59



Bhandari, M.R. and Kawabata, J. (2004). Assessment of anti-nutritional factors and
bioavailability of calcium and zinc in wild yam (Dioscorea spp.) tubers of Nepal. J. Food Chem.

85:281-287.

Bradbury, J.H., and D.W. Holloway, (1988). Chemical composition of tropical root crops from
the south pacific: Significance for human nutrition. Canberra: Australian center of int. Agric.

Res. 103-104.

BRAVO, L., SIDDHURAJU, P., SAURA-CALIXTO, F. (1999). Composition of underexploited

Indian pulses, comparison with common legumes. Food Chemistry, vol. 64, p. 185-192.

Brilli, P. and Mulas, S. 1939. Note sur la Cordeauxia edulis (Geheb) L Agricoltura coloniale
(Italy) 33: 565-570.

Brink, M. & Belay, B. (2006). Cereals and Pulses. PROTA- Plant resources of tropical Africa.
ISBN 90-5782-170-2.

Booth, F.E.M. and Wickens, G.E. (1988) Non-timber uses of selected arid zone trees and shrubs
in Africa. FAO Conservation Guide 19:52-58.

Butler,L.G., Price,M.L.,Brotherton J.E.(1982). Vanillin assay for Proanthocyanidins (Condensed
Tannins): Modification of the Solvent for Estimation of the Degree of Polymerization.

J.Agric.Food Chem., 30: 1087 -1089.

Campbell, C. G. (1997). Grass pea. Lathyrus sativus L. Promoting the conservation and use of
underutilized and neglected crops. 18. Institute of Plant Genetics and Crop Plant Research,

Gatersleben/International Plant Genetic Resources Institute, Rome, Italy.

Chavan, J. K., Kadam S. S., and Salunkhe, D. K. (1986). Biotechnology and technologychickpea
(Cicer arietinum L.) seeds. CRC Critical Reviews in Food Science and Nutrition 25: 107-158.

Cheryan,M., (1980). Phytic acid interactions in food systems, Crit. Rev. Food Sci. Nutr. 13; 297—
355.

Curtis, J.D., Lersten, N.R. and Lewis, G.P. 1996. Leaf anatomy, emphasizing the unusual
‘concertina’ mesophyll cells, of two East African legumes (Caesalpinieae, Ceasalpinoideae,

Leguminosae). Annals of Botany, 78: 55-59.

60



Eka, O.U., 1980. Effect of fermentation on the nutrient status of locust beans. Food Chem., 5: 303-
308.

El-Zeany, B. A. and Gutale, S. F., 1982. The Nutritional Value of the Yeheb nut (Cordeauxia
edulis Hemsley). Die Nahrung, 26:797-802.

ESEF (Ethiopian spice extraction factory) (2003b).Procedure manual for the production of
oleoresin paprika. PP 6-7.

Esenwah, C.N. and lkenebomeh, M.J. (2008).Processing Effects on the Nutritional and Anti-
Nutritional Contents of African Locust Bean (Parkia biglobosa Benth.) seed. Pakistan Journal of

Nutrition, 7(2): 214-217

Ezeokonkwo, C.A., 2005. Effect of roasting on nutrient composition of Terminalia catapa L. seed.

Nig. J. Nutr. Sci., 26(1): 19-24

Dang, J., Arcot, J., Shrestha. A. (2000). Folate retention in selected processed legumes. J. Food
Chem.68:295-298.

Davis, J.B., Kay, D.E. and Clark, V. 1983. Plants tolerant of arid or semi-arid conditions with non-

food constituents of potential use. London, Tropical Development and Research Institute.

Dengate, H.N. (1984). Swelling, pasting and gelling of Wheat starch. In advances in Cereal Sci
and Techno. VI, Y. Pomeranz (Ed.) 49. AACC, St Paul, MN

Doporto, M.C., Mugridge, A., Garcia, M.A. and Vina, S.Z. (2011). Pachyrhizus ahipa (Wedd.)
Parodi roots and flour: Biochemical and functional characteristics. Food Chem. (126) pp:1670 —

1678.

Drechsel P, Wolfgang Z. (1988) Site conditions and nutrient status of Cordeauxia edulis

(Caesalpiniaceae) in its natural habitat in central Somalia. Economic Bota. 42: 242-249.

Drewnowski, A. and Gomez-Carneros, C. (2000) .Bitter taste, phytonutrients, and the consumer:

areview. The American J .Clinical Nutri. 72:1424.

Duranti, M. (2006), Review Grain legume proteins and nutraceutical properties. Fitoterapia, 77:

67-82.

61



FAO- food and nutrition paper (42, 1988) Traditional food plants, 224-27

FAO data (2000), agropolis-museum - Exhibitions - World's food - Legumes. Production /

consumption, Sources: http://www.museum.agropolis.fr.

Fasasi,OS, Eleyinmi,AF, and Oyarekua,MA.(2007). Effect of some traditional processing
operations on the functional properties of African bread fruit seed (Treculia Africana) flour. LWT-

Food Sc and Technol., 40: 513-519.

Fagbemi, T.N., A.A. Oshodi and K.O. Ipinmoroti, 2005. Processing effects on some antinutritional
factors and in vitro multienzyme protein digestibility (IVPD) of three tropical seeds: Breadnut
(Artocarpus altilis), Cashewnut (Anacardium occidentale) and Fluted pumpkin (Telfaria
occidentallis). Pakistan J. Nutr., 4(4): 250-256.

Francis, G., Makkarb, H.P.S. and Becker, K. (2001). Anti-nutritional factors present in plant-
derived alternate fish feed ingredients and their effects in fish. R. article. Aquacul, 199:197-227.

Frias, J., Vidal-Valverde, C., Sotomayor, S., Diaz-Pollan, C., Urbano, G., (2000). Influence of
processing on available carbohydrate content and anti-nutritional factors of chickpeas. Eur. Food

Res and Techno. 210: 340-345.

Giami, S.Y. (1993). Effects of processing on the proximate Composition and functional Properties

of cowpea (Vigna unquiculata) flour. J. Food Chem. 47: 153-158.

G.I. Onwuka, “soaking, boiling and antinutritional factors in pigeon peas (cajanus cajan) and

cowpeas (vigna unguiculata). J. Food Process. Preserv 30, no. 5, pp. 616-630, 2006

Glover, P.E. 1950. The root systems of some British Somaliland plants L.LE. African Agric, 16: 98—
113.

Greenway, P.J. and Raymond, W.D. 1947. Yeheb. The E African AgricJ, 12: 216-219.

Greiner,R. and Konietzny, U. (1998) . Endogenous phytate-degrading enzymes are responsible for
phytate reduction while preparing beans (Phaseolus vulgaris), J. Food Process. Preserv. 29; 321—

331.

Guinand, Y. and Lemessa, D. 2002. Ethiopia: Famine Food  Guide

(http://www.africa.upenn.edu/faminefood/category1.htm: accessed on 27 June 2004).

62



Gutale, S. F. and Ahmed, M. A. 1982. Cordeauxia edulis pigment, cordeauxiaquinone, is deposited

on bones and may stimulate hemopoiesis in rats. Rivista Tossicol. Sperim. Clin, 14: 57-62.

Harborn, J. B., Boulter, D. and Turner, B. L. 1971. Chemotaxonomy of the Leguminosae. New

York: Acad. Pres.

Hemming, C.F. 1966. The vegetation of the northern region of the Somali republic. Proc. Linn.
Soc. London, 177: 173-250.

Hoover, R. (2001). Composition, molecular structure, and physicochemical properties of tuber and

root starches: a Review. Carbohydrate polymers 45: 253 — 267.

Ikegwu, O. J., Nwobasi, V.N., Odoli, M.O. and Oledinma, N.U. (2009).Evaluation of the Pasting
and some functional properties of Starch isolated from some improved cassava varieties in Nigeria.

African J. of Biotech. 8:2310-2315.

Ismail, Y. 1975. The yicib nut bush. Degree thesis, Faculty of Agriculture, National University of

Somalia, Somalia

Kazmi, S. M. A. Yicib — Cordeauxiaedulis. An important indigenous plant of Somalia which has

many uses. Reprinted from Somali Range Bull no 7, April 1979

Kamchan, A., Puwastien, P., Sirichakwal, P. P., and Kongkachuichai, R. (2004). In vitro calcium
bioavailability of vegetables, legumes and seeds. Journal oKulkrani D. Karuna., Kulkarni D.N.
and Ingle U.M (1991). Sorghum malt-based weaning food formulations. Preparation, functional

properties and nutritive value. Food and nutrition Bull. United Nations Tokyo Japan 13: 14-16.

Kinsella, J.E (1976). Functional Properties of proteins in foods: A survey critical Review. Food

Sci. Nutr. 7: 219-280.

Khokhar S, Chauhan BM, (1997). Anti-nutritional factors in Moth Bean (Vigna aconitifolia):
Varietal Differences and Effects of Methods of Domestic Processing and Cooking. Food Chem.
59:367-371.

Kuchar, P. 1987. Dry Season Forage Survey in Eastern Hiran Region. Somali J. Range Sci. 2: 28-
62.

63



Latta and Eskin (1980). Determination of Phytate. J. Cereal chem.

Leach, HW., L.D. Mc. Cowen and T.J. Schoch, 1959. Structure of the starch granules, in: Swelling
and solubility patterns of various starches. Cereal Chemistry, 36: 534-544.

Liao, F., Shjeh, M., Yang, S., Lin, S., Chien, Y. (2007). Effectiveness of soy-based compare with
a traditional low-calorie diet on weight loss and lipid levels in overweight adults. Nutr. 23:551—

556.

Liew, J. 2003. Desiccation tolerance of yeheb (Cordeauxia edulis Hemsl.) seeds. Thesis for the

degree of Master of Science in Agriculture, SLU, Ultuna, Sweden.

Lin, M.J., Humbert, E.S. and Sosulski, F.W. (1974). Certain functional properties of sunflower
meals. J. Food Sci. 39: 368-370.

Lister, J. H., Eugster, C. H. and Karrer, P. 1955. Cordeauxiaquinone: a leaf pigment from
Cordeauxia edulis. Helvetica Chimica Acta, 38: 215-222.

Lopez,H.W., Leenhardt,F., Coudray, C.,and Remesy,C., (2002). Minerals and phytic acid

interactions: Is it a real problem for human nutrition? Int. J. Food Sci. Technol. 37; 727— 739.

Lori O, Thava V and James HH (2001). Phytic acid. Food Rev Int 17: 419-431.

Maxson, E.D. and Rooney, L.W. (1972). Evaluation of methods for tannin analysis in sorghum

grain. American association of cereal chem. 49:719-729.

Mbofung, C. M., Aboubakar, Y. N., Njintang, A., Bouba, A., & Balaam, F. (20006).
Physicovhemical and Functional Properties of Six Varieties of Taro (colocasia esculenta L.Schott)

Flour. Journal of food technology, 4, 135 - 142.

Miege, J. and Miege, M.N. 1978. Cordeauxia edulis — a Caesalpiniaceae of arid zonesof East
Africa. Caryologic, blastogenic and biochemical features, potential aspects for nutrition. Economic

Botany, 32: 336-345.

Morais1Patricia L.D. , Miranda Maria R.A., Lima Luis C.O., Alves José D., Alves Ricardo E. and
Silva José¢ D. (2008). Cell wall biochemistry of sapodilla (Manilkarazapota) submitted to 1-
methylcyclopropene. Brazilian J. plant physio. 20:85-94.

64



Mussa, M., 2010. Cordeauxia edulis (yeheb): resource status, utilization and management in

Ethiopia. Thesis for the degree of Philosophiae Doctor, University of Wales.

N.A.S (National Academy of Science), 1979. Tropical Legumes: Resources for the Future, Nat
Acad. Sci. Washington DC, 261 pp.

Negi, A., Boora, P., and Khetarpaul, N. (2001). Starch and protein digestibility of newly
released moth bean cultivars: Effect of soaking, germination and pressurecooking. Nahrung,

45: 251-254.

Nerd A., Aronson J., Mizrahi Y. (1990) Introduction and domestication of rare and wild fruit
and nut trees for desert areas (p. 355-363) in Janick, J. and Simon, J.E. (Eds) Advances in new
crops, Proceedings of the first National Symposium (560 p.). Timber Press, Portland, Origon

Noonan, S.C. and Savage, G.P. (1999). Oxalic acid and its effects on humans. Asia Pacific J.
Clinical Nutr. 8: 64-74.

Oboh, G., and Elusiyan, C. A. (2007). Changes in the nutrient and anti-nutrient content of
micro-fungi fermented cassava flour produced from low- and medium-cyanide variety of

cassava tubers. African J .of Biotech. 6: 2150-2157.

Odoemelam S.A. (2005). Functional Properties of Raw and Heat Processed Jackfruit
(Artocarpus heterophyllus) Flour. Pakistan J. Nutr. 4: 366-370.

Odumodu, C.U., 1992. Antinutrients content of some locally available legumes and cereals in

Nigeria. Trop. Geogr. Med., 44: 260-263.

Oke, D.B. (2007). Mechanism of action, toxicity and nutritional significance of heat-labile

anti-nutritional factors in some legumes: A review. J .food techno.5:286-289.

65



Okerie, B.O, Bello, A.B. (1988). Physicochemical and functional Properties of Winged bean
flour and isolate compared with Soy isolate. J. Food Sci. 53: 450-454

Oladele A. K. and Aina J. O. (2007). Chemical composition and functional properties of flour
produced from two varieties of tigernut (Cyperusesculentus). African J. Biotechno. 6: 2473-

2476.

Osborne D.R. and Voogt P. (1978).The analysis of nutrients in foods. Academic press, Inc.
(London) LTD Official methods 6.2, 6.3.

Phillips, r. d., mcwatters, k. h., Chinnan, m. s., Hung, y., Beuchat, 1. r., Sefa-dedeh, s., Sakyi-
dawson, e., Ngoddy, p., Nnanyelugo, d., Enwere, j., Sharon komey, n., Liu, k., Mensa-
wilmot,y., Nnanna, I. a. okeke, C., Prinyawiwatkul, w., Saalia, f. k. (2003). Utilization of
cowpeas for human food Field Crops Research, vol. 82, 2-3, p. 193-213.

Phillippy, B.Q., Lin, M. and Rasco, B. (2004). Analysis of phytate in raw and cooked potatoes.
J. of Food Composition and Analysis 17: 217-226.

Ramakrishna, V., Rani, P.J and Rao, P.R. (2006). Anti-Nutritional Factors during Germination
in Indian bean (Dolichos lablab L.) Seeds. World J. Dairy & Food Sci. 1: 06-11.

Rickard, J. E., Asaoka, M. and Blanshard, M.V. (1991). The physicochemical properties of
cassava starch. Trop. Sci. 31, 189-207.

Saka, J. D and Msonthi, J. D. 1994. Nutritional value of edible fruits of indigenous wild fruit

trees in Malawi, Journal of Forest Ecology, 64: 245-248

Salunkhe, D. K., S. S. Kadam and J. K. Chavan. (1985). Postharvest Biotechnology of Food
Legumes. Florida: CRC Press.

Sandberg,A.S. (1991). The effect of food processing on phytate hydrolysis and availability of
iron and zinc, Adv. Exp. Med. Biol. 289; 499-508.

Sandberg,A.S., Brune,M., Carlsson,N.G.,Hallberg,L., and Skoglund, L.(1999). Rossander-
Hulthen, Inositol phosphates with different numbers of phosphate groups influence iron

Absorption in humans, Am. J. Clin. Nutr. 70; 240-246.

66



Sandstrom B (2001) Micronutrient interactions: effects on absorption and bioavailability. Bri

J. Nutr. 85:181-S185.

Sanni L, Maziya Dixon B, Akanya J, Okoro C.I, Alaya Y, Egwuonwu C.V, Okechukwu R,
Ezedinma C, Akoroda M, Lemchi J, Okoro E, Dixon A. (2005). Standards for cassava products
and guidelines for export.IITA, Ibadan, Nigeria, p. 93

Sathe,SK, and Salunkhe,DK.(1981).Functional properties of the great Northern bean
(Phaseolus vulgaris L.)proteins:Emulsion, foaming, viscosity, and gelation properties.J.Food

Sci.,46:71-81.

Sayar, S., Turhan, M., Gunasekaran, S., (2001) Analysis of chickpea soaking by simultaneous

water transfer and water—starch reaction. J. Food Eng. 50 (2), 91-98.

Seegeler, C. J. P., 1983: Oil plants in Ethiopia, Their Taxonomy and Agricultural Significance.

Centre for Agricultural Publishing and Documentation; Wageningen; Netherlands.

Serge Treche, (1996). Tropical Root and Tuber Crops as Human Staple Food Conference
présentee au I Congresso Latino Americano de Raizes Tropicals 7-10 Octobre 1996, Sao Pedro

- SP - Brésil,

Sierra, m.p.i., Vidal-valverde, C. (1997). Effect of germination on the thiamine, riboflavin and

niacin contents in legumes. Z Lebensm Unters Forsch A, vol. 205, p. 48-52.

Singh, P., Kumar, R., Sabapathy, S. N., Bawa, A. S. (2008) Functional and Edible Uses of Soy

Protein Products. Comprehensive reviews in food sci and food saf.7:14-28.

Siddhuraju, P. and Becker, K. (2001). Effect of various domestic processing methods on anti
nutrients and in vitro-protein and starch digestibility of two indigenous varieties of Indian

pulses, Mucuna pruries var utilis. J. of Agric. and Food Chem. 49: 3058-3067.

Srivastava, R.P, and Kumar, S. 1998. Fruit and vegetable preservation Principles and practices,

2nd ed. International Book Distributing Co., New Delhi, 440pp.

Swinkles, J.M., (1985). Composition and properties of commercial nature starches. Starch

Starke 37:1-5

67



Tagodoe, A and W K. Nip, 1994. Functional properties of raw and precooked taro (Colocasia

esculenta ) flours. International Journal of Food science and Technology, 29: 457-462.

Teketay, D. Gurmu, D. and Bekele, T. 2003. Vitellaria paradoxa: a multipurpose industrial
oilseed tree. Walia, 23: 3-23

Teklehaimanot, R., Abegaz, B.M., Wuhib, E., Kassina, A., Kidane, Y., Kebede, N., Alemu, T.
and Spencer, P.S. (1993). Patterns of Lathyrus sativus (grass pea) consumption and beta-N-
Oxalyl-a, B-diaminopropionic acid (B-ODAP) content of food samples in the lathyrism
endemic regions of North West Ethiopia. Nutr. Res. 3:1113- 1126.

Udensi E. A. and Okoronkwo K.A (2006). Effects of fermentation and germination on the
physicochemical properties of Mucuna cochinchinensis protein isolate. African J. Biotechno.

5: 896-900.

Urga, K., Fufa, H., Biratu, E. and Husain, A. (2005). Evaluation of Lathyrus sativus cultivated
in Ethiopia for proximate composition, minerals, -ODAP and anti-nutritional components.

African J. Food agri and Nutritional Develo. 5:1-15

Urga K and M Gebretsadik (1993). The effect of soaking time and soaking solution on the
nutritional quality of grass pea seeds. Ethiop. J. Health Dev.; 7:79-83

Veitmer, N. (1985). In praise of shrubs. FAO review on Agriculture and Development (FAO)
18:28-32

Vijayakumari, K., P. Siddhuraju and K. Janardhanan, centre for Agriculture Research in the
dry areas 1996. Effect of different post-harvest treatments on antinutritional factors in seeds of
the tribal pulse Mucuna pruriens (L.) DC. Int. J. Food Sci. and Nutr., 47: 263-272.

Von Carlowitz, P. 1986. Multipurpose tree and shrub seed directory. International Council
for Research in Agroforestry. Nairobi, Kenya.

Walter HL, Fanny L, Charles C and Christian R. (2002). Minerals and phytic acid interaction:is
it a real problem for human nutrition. Int J. Food Sc Tech 37:727-739.

Wanasundera, J.P.D. and Ravindran, G.(1992). Effects of cooking on the nutrient and
antinutrient contents of yam tubers (Dioscorea alata and Dioscorea esculenta). J. Food Chem.

45: 247-250.

68



Wang, N., Hatcher, D. W., Gawalko, E. J. (2008). Effect of variety and processing on nutrients

and certain anti-nutrients in field peas (Pisum sativum). Food Chem. 111:132—138.

Waterlow, J. C. (1994). Childhood malnutrition in developing nations: Looking back and
looking forward. Annual R. Nutr, 14:1-19.

Wyatt, C.J., Carballido, S. P., Me'ndez, R. O. (1998) a- and g- Tocopherol Content of Selected
Foods in the Mexican Diet: Effect of Cooking Losses. J. Agric. Food Chem. 46:4657— 4661.

Xu, B. J,, Yuan, S. H., Chang, S. K. C. (2007). Comparative Analyses of Phenolic
Composition, Antioxidant Capacity, and Color of Cool Season Legumes and Other Selected

Food

Yahya, A. and B. Durand, 1993. Le Yeheb: Un Arbuste Aux Multiple Usage en Forte
Régression. In: Physiologie des Arbre et Arbustes en Zone Arides et Semi-Arides. Riedacker,

A., E. Dreyer and C. Pafadnam (Eds.). Montrouge: John Libbey Eurotext, 563 pp.

Yahya, A. 2004. Miscellaneous notes on Cordeauxia edulis (Yeheb) Dept. of Ecology and
Plant Production Science, SLU, Uppsala, Sweden

Yasumatsu,K.,Sawada,K.,Moritakas,S.,Misaki,M.,Toda,J.,Wada,T.,andIshii,K.(1972). Whipp
ing and emulsifying properties of soybean products. Agric. Biol.chem., 36:719.

Yeh, A.l. and Li, J.Y., (2001). Relationships between thermal, rheological characteristics and
swelling power for various starches. Food Eng.50, 142-148 Legumes. J. Food Sci. 72: 167—
177.

69



