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ABSTRACT 
Inadeql/ate availability and consumption 0/ protein /oods in developing countries are a major 

concern as large segments 0/ population 0/ these countries suffer /1'0117 protein-energy 

malnutrition. Exploitation 0/ underutilized locally available varieties, introducing and 

adaptation 0/ new types a/legume crops with beller nutritional projiles and yielding capaCity is 

considered as an important approach to combat the protein-malnutrition. A comparative study 

on proximate composition, mineral composition, ant inl/trit ional/actors and jill1ctional propert ies 

/01' both raw and processed seeds a/newly introduced AI/stralian Sweet LI/pin (L I/pinlls 

angustijo!ius) and locally grown lvhite Ilipin (Lupinlls alb us) varieties obtained from !-loleta 

Agricultl/ral Research Institute Center lIIas conducted. The mean crude protein, crude ash, crude 

/at and crude jiber contents a/the raw nelll and local lupin varieties lIIere 25.55,2.92, 6.42, 

I 4. 89g11 OOg and 35.17, 2.75,6.59, 14. 79g1100g, respectively. The local lupin variety had higher 

crude protein content than the new lupin variety. The mineral, Zn, Fe and Ca cOl7lents were 2. 74, 

2.48, 112.62I17gI100g and 3.46, 2.94, 44mgl /O Og, respectively /01' the new and local lupin 

varieties. The new lupin variety had higher Co content than the locetl lupin variety. The new 

lupin variety (Lupinus angustifolius) had lower total alkaloid and higher phytic acid content 

than the locet! lupin (Lupinus albus) variety. The nelll lupin variety showed comparable 

jimctional properties and sensory acceptability lIIith the local II/pin variety. The nelV II/pin 

variety had higher lvater absorption capacity, eml/lsion activity andfoal17ing capaCity than the 

local lupin variety. Except the minerals content, both traditional processing methods applied in 

the present study significantly (p<O. 05) increased the protein, /at and jiber content and redl/ced 

antinutritionalfactors. Although there were variations between the two varieties in terms a/their 

nutritional cornpositions, the lower alkaloid content, possibility to be used in/ood/onnl/lations 

without longer pre-treatment practices COl/pied with relatively better crude protein and .fiber 

content gives the new variety an advantage over the local II/pin variety /01' jitrther production 

and use in human/ood and animal/eed. 

Key Words: Lupin, Chemical composition, Antinuritional factors, Functional properties 

ix 

I 

J 



1. INTRODUCTION 

1.1 Background of the Study 

Inadequate availability and consumption of protein foods in developi ng countri es are a major 

concern as large segments of population of these countri es suffe r from protein-energy 

malnutrition (Maikhuri et al. , 199 1). It is we ll documented that developing countries do not 

produce enough food and of the right nutritional quality to meet dail y needs (Aletor and 

Aladetimi, 1989). The prevalence of hunger and protein malnutrition in the tropical and 

subtropical areas of the world is we ll recognized and appreciated (F AO, 1994). Thi s can be 

attributed mainly to the ever-increas ing population pressu re, enhanced dependence on a cereal -

based diet, poverty, scarcity of fertil e land, fast depletion of natural resou rces and low 

agricultural production (Steiner, 1996). 

The growth rate of food production continues to lag behind population growth rate with adverse 

consequences for food security. Protein foods and particularly animal prote in have continued to 

be in short supply. Most experts consider protein deficiency as the commonest fo rm of 

malnutrition in the developing countries, especially in regions where diets are mainly based on 

roots and tuber crops (Pelletier el aI., 1995). The product ion of protein-rich foods (leguminous 

seeds and particu larl y animal products) has been much less effic ient. 

The increasing pressure of population and predicted food shortages are creat ing a demand for 

new food sources either: for direct use as a food or an imal feed ingredient or as a raw materi al 

for seed protein and oi l extraction (Ikechukwu and Madu, 20 I 0). 

Accord ingly, in an attempt to widen the narrow food base, food and agricu ltural scientists are 

sc reening lesser known and under-exploited nati ve plants and introducing new crop va rieti es for 

possible potential sources of food (Ezeagu and Ologhobo, 1999). Recent reports have revea led 

that quite a large number of lesser-known native crop species are high in nutrients and many 

cou ld poss ibly become advanced crops in the future if give n priority and resea rch re sources 

(Lalas and Tsakni s, 2002). 
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Grain legumes or pulse crops share the larger proportion and could make a useful contribut ion in 

this regard because of their well adaptation to adverse environmental cond itions, exhibition of 

resistance to pests and pathogens and unique nutritional compositions (Arinathan el al., 2009). 

Legumes have been an important source of protein, oil , starch, mineral, vitam ins and health 

protecting compounds from the beginning of human histo ry. Their seeds playa basic role in the 

traditional diet of many peoples of the world and are a valuable basic material for the food and 

animal feed industri es. 

Legumes are relatively a rich source of protein as the seeds contain 200-250g protein/kg. 

Legume seeds are rich in lysine and sulfur containing amino acids (methionine and cysteine) 

compared to cereal s. Lysi ne is the first limiting amino ac ids so it is important that legumes 

complement cereals in lysine balance. The immature pods, green and mature seeds are used for 

human consumption according to traditional rec ipes and the mature seeds are the basic materia l 

for producing fl our concentrates and isolates. These products are used in the food indust ries and 

for animal feeds. The dieta ry fiber content of seeds is a very important fac tor from the nutritional 

point of view. 

Animal proteins being more expensive, especially people in developing countries depend largely 

on plant to fulfill their protein requirements. Grain legumes alone contribute to about 33% of the 

dietary protein nitrogen needs of humans. Moreover, it is also a good source of minerals (Kirmizi 

and Guleryuz, 2007). 

Besides being a good source of nutrition, there is a considerable interest in the relationship 

between plant-based diets and the prevention of certain human di seases, in which increased 

levels of radicals are implicated . Likewise legumes seem to be responsible for improving health 

and can prevent chronic di seases (Frias, el al. , 2004). Cholesterol-free legume (legumes low in 

fat content) in combinat ion with their low sodi um content form a good food stuff not only for 

people living in developing countri es, but also for those li ving in industrialized nations (Sebastia. 

et al., 200 I). 

Legumes are well adapted to a wide range of climates and environmental conditions. This is 

mainly because of their high prosperity to grow in depleted so ils thereby serving as a medium of 

fertilizing succeeding crops through their ul1lque symbioti c capability with nitrogen-fixing 
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rhizobium bacteria which are inhabited in root nodules of the legumes, and the nitrogen balance 

in the soil is thereby preserved (Okara el al., 2002). 

Of the thousands known legume species, on ly few have been extens ive ly promoted and used. 

Many other potential legumes are still marginall y known (Osman, 2007). This may be attributed 

to several facto rs such as deficiencies in sul fur containing amino acids (methionine and cystein), 

inducing flatulence factors (raffinose, stachyose and verbacose) and presence of enzyme 

inhibitors (tryps in, chemotrypsin, a -amylase inhi bitors and toxics like phytohemagglut inins) (EI 

Adaway, el al., 2000; Khalil , el al., 2006) . 

Among underutilized legumes, the genus Lupinus is widespread in trop ical and sub-tropica l 

regions of world and is considered as an alternative protein source. Lupin is an under-utilized 

legume species grown predominantly in Europe, North and South America, Mediterranean and in 

parts of Africa including Ethiopia. Traditionally in Ethiopia, the mature seeds of lupin are 

consumed by Northern communities of Gojam and Gonda r areas after repeated processing 

(roasting and soaking) to remo ve alka loids. It mainly grows in these parts of the country because 

the communities in the area have adapted and use the crop as the raw material for some loca ll y 

preparing food products such as 'A rake'(ora l discussion). 

Lupins can be divided into sweet lupins, which contain low levels of alkaloids, and bitter lupins, 

which contain higher leyels of alkaloids. Debitteri ng, which is an ancient procedure, involves the 

elimination of anti-nutri tiona l factors to improve the nutritive va lue, and it is widely used to 

wash out the bitter components of seeds. Due to the fact that the alkaloids of lupi n are water­

soluble, the alkaloid level in bitter lupins (0 .05-4 g/kg) can be easily decreased to levels that are 

safe for human consumption, by boiling the seeds and then soaking them in water (Sanchez el 

al.,2005). 

Lupin seeds have been part of normal food intake since ancient times and are consumed as 

snacks in several European countries. Since the introduction of lupin flour as an ingredient in 

wheat flour in the 1990s for its nutritional and food process ing qualiti es, lupin consumption 

became more widespread in Europe. 
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Lupin flour contains comparatively higher protein (about 40 % by weight) and dietary fibre (type 

of carbohydrate which is not digestible by human digestive enzymes) (30%) contents (both 

soluble and insoluble). Lupin flour also found to provide a wide range of phytochemicals 

including antioxidants and phytosterols which are beneficial to health (Petterson, 1998). 

Out of the many species of lupin, white lupin (Lupinus albus), Austral ian Sweet Lupin or narrow 

leafed lupin (Lupinus angasti(olus), yellow lupin (Lupinus leu!us) and pearl lupin (Lupinus 

mUlabilis) are agricu lturally important (Kurzbaum, el al., 2008). Currently, interest in a wider 

utili zation of these legume seed is rising. This is mainly due to its similarity with soybean as a 

high source of protein and to the fact that it can be grown in wider climatic range (Sujak, e! aI. , 

2005). Moreover; it s adaptation to poor (nutrient deficient and acidic) soil, contribute to reducing 

or eliminating nitrogen fertilizer input and high potential to provide a rotation yie ld response to 

proceeding summer grain crops makes it economically feasible (Henderson, 1989). It has been 

used as a green manure and for fixing atmospheric ni trogen to the soil. Furthermore. it can be 

mixed in the soil during the flowering period in green houses to control some pests due to its 

alkaloids (Uzun e! al., 2007) as cited by Zerihun (2012). 

The most commonly used part of lupin is the seed. Lupin seeds are highly val uable both for 

human food and animal feed (Uzun, el ai, 2006). 

Considering its nutritional and functional properties, it has a high potential to be used in diffe rent 

foods such as fermented foods, pasta, crisps, bread, biscuits and cakes (Dervas, el.al 1999). 

Lupin flour is lower in cost compared with other sim ilar legume flours such as soybean ( 

Jayasena, and Quail, 2004). 

Hence the exploitation, introduction and characterization of such, hitherto, little known grain 

legumes, like lupinus species including wi ld legumes consumed by different tribal sects 

throughout the tropical regions as well as their genetic improvement of the quality and quantity 

of protein would be a great contribut ion to combat the protein-malnutrition in developing 

countries (Kala e! al., 2010). Nevertheless, prior to utilization of such novel resources, data 

indicating the nutrient composition, ant-nutritional factors and toxicants and the methods of 

processing that will enhance their utility as food or feed ingredient are all necessary in order to 

achieve optimal utilization and human health and safety concerns. 
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This study therefore seeks to explore further the nutrient composition, ant-nutrient factors and 

fu nctional properties of newly introduced lupine variety, Austra lian Sweet Lupin (LI/pinus 
I 

angustifolius) and to compare it to that of commonly consumed locally grown lupine variety, 

" white lupin (Lupinus r1bus) with a view to assessing thei r nutritional potential. 

1.2 Statement of the Problem 

While good nutrition is being the foundation for human health and well-being, physical and 

cognit ive development, and econom ic productivity, malnutrition particularly protein malnutrition 

remains one of the major obstacles to human well-being and economic prosperity in develop ing 

countries (Foster el al. , 2002). 

FAO's most recent estimates indicate that 12.5 percent of the world's popUlation (868 million 

people) are undernourished in terms of energy intake, yet these figures represent only a fract ion 

of the global burden of malnutrition (FAO, 2012). 

While the nature and causes of malnutrition including protein energy malnutrit ion is complex, 

the common denominator among all types of malnutrition is a nutritionally inappropriate diet. 

In Ethiopia a sizable proportion of the population (those of low income or subsistence status) get 

less than the FAO recommended average daily ca lorie ration of 2200 Calories. This cou ld be the 

result of severe malnutrition in the country. From all possible causes of malnutrition in Ethiopia, 

protein deficiency, which is the result of not getting the correct proportion of protein from diets, 

is the worst. 

Exploitation of underutili zed loca ll y availab le va riet ies and introducing and adaptat ion of new 

types of legume crops with better nutritional profi les and yield ing capacity is considered as an 

impOliant approach to combat the protein-malnutrition. However, to assure thi s, an evaluation 
"-

and characterization of newly introduced cultivars for their agricu ltural and nutritional values 

before releasing to the producers and consumers by concerning bodies is mandatory and primary 

requirement. With these facts and considerations in mind , the current research seeks to 

investigate the nutrient composition, ant-nutr ient factors and funct ional properties of newly 

introduced lupine variety and to compare it to that of commonly consumed locally grown lupine 

variety with a view of assessing their nutriti onal potential. 
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1.3 Significance of the study 

Result of the research will significantly help 111 understanding the nutritional potent ial of 

the two lupine varieties. 

It will significantly contribute in promoting the production and consumption of the crop by rural 

farmers and thereby help in ensuring food security of the poor socio-economic groups of the 

rural communities , increased income from high production, improved nutri tional status of 

individuals and communities as we ll in economical point of view. 

The research result will have a particular significance in reducing energy; time and cost need to 

process the local lupin (Lupinus alb us) variety since it has a bitter test due to higher alkaloid 

contents which limits its use as a potential ingred ient in food formu lations. 

In social benefit viewpoint, the resu lts also greatly help to enhance the awareness of the 

community about the nutritional va lue of the lupin cultivars and to make their fl our as an 

ingredient of fortification fo r various food items to improve nutrit ional and chemical 

composition. 

Educationally, findings of the study can serve as reference material for researchers, students, 

teachers, and academicians in the same field area and for future research themcs to give gap to be 

carried out. 

Wi ll provide a clue how to process and use the lupin cultivars (particularly the new lupin 

variety, Lupinus anguslifolius) in food production and preparation process. 
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1.4 Objectives 

1.4.1 General objective 

To investigate the nutritional composition, ant- nutritional factors , and functional propel1ies of 

the new (Lupinus angusli!olius) and to compare with locally grown (Lupinlls a/bus) lupine 

(Gibto) va ri ety with a view to assess ing their nutritional potential. 

1.4.2 Specific objectives 

To analyze and compare the proximate chemical composition of the new (Lupinlls anguslifo/ius 

and locally grown (Lupin us alb us) lupine varieties. 

To determine the ant-nutritional facto rs of the new lupine Varity and to compare it with that of 

local lupine varieties. 

To investigate the functional properties of the fl our samples and evaluate sensory characterist ic 

of product prepared from the two cultivars. 

To evaluate the effect of common ly used trad itional processing methods on the nutritional 

composit ions and ant-nutritional factors of the cu ltivars. 

To identi fy and recommend the cultivar wi th better nutritional profile for further development 

and dissemination for the producers and consumers. 
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2. LITERATURE REVIEW 

2.1 Desc";ption of the genus Lupinus 

Lupinus is a diverse genus in the legume families which contains both annual and perennial 

species, mostly herbaceous and but also rarely contains shrubby and tree species. Originally the 

name lupine is derived from the Latin word Lupus, meaning 'wolf . The Romans believed that 

lupins robbed the soil nutrients in the same way that wolf would steal domestic animal (ARC, 

2009). Lupin is known by different vernacular names such as 'Gibto' in Ethiopia (Shimelis and 

Tizazu, 2010; Habtie, et. aI. , 2009), Lupine in the United States, Tunnus in Arab countries and 

India, and Tawari in Latin America. The local community in the North -Western Ethiopia gave 

the name 'Gibto ' because they thought the seed originated and introduced from Egypt ('Gibtse' 

in Amharic) . So, they name the crop after 'Gibtse' (Gibt) (Habtie el ai , 2009). 

Lupinu.~ angustifolius Lupinus albus 

Fig 1. Flowe.'S of Aush'alian sweet lupin (Lupinus angustifolius) and white lupin (Lupinlls 

a/blls) 

2.2 Cente.'s of o"igin and domestication of lupinus 

This diverse genus exists in both the eastem and western hemispheres. Centers of origin is 

believed to be the Mediterranean, North America, South America and East Asia (Kurlovich el 

a,,/ 2002b). Molecular evolution studies suggest that the center of origin is the Mediterranean 

and Northern and Eastern African, North America and South America (Wolko el ai , 2011). 
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Today, approximately 90 % of the recognized species are found in alpine, temperate and 

subtropical zones of North and South America, which ranges from Wash ington states of the USA 

to Southern Argentina and Chile. The remaining species are di stri buted in the Mediterranean 

region and Africa, with some populations extending to highland and mountains regions of 

tropical east Africa and subarctic cl imate of Alaska and Iceland (Gladstone 1998; wlko el al., 

20 11 ). Domestication occurred first in the Mediterranean region and the American continent , but 

the real breakthrough that made lupin a modern agricultural crop occurred in Europe and 

Australia. The hi story of lupin domestication may be outlined as follows (C lements el al., 2005a) 

./ Before 2000 BC. Primary domesticat ion of L.albus in ancient Greece and Egypt to 

produce gra in fo r human and animal consumption, as we ll as for cosmetics and med icine 

./ 1000-800 Be. Utili zat ion of L. a/blls as green manure in anc ien t Rome and , 

subsequentl y, in other Mediterranean countries 

./ 700-600 Be. Primary domesticati on of Andean pea rl lupi n (L. II1l1labilis) on the 

American continent 

./ 1860s. Domesti cation of L. leulus and L. anglls!i/olius for green manure production in 

Baltic countries and after wards in Germany 

./ 1927-1928 methods fo r se lecting low alkaloid lupin mutants developed in Germany 

./ 1930s-1970s. Sweet lupin va rieties with permeable seeds were developed from L.leulus, 

L. albus. L.angusl!(olius and L.mutabilis in Germany, Sweden and Russ ia 

./ 1980s-1990s Fully domesticated L. cosenlinii and further domestication of other potential 

lupin species (L.atlanticlIs and L. pilosus and L.polyph ll us Lind!.) in Austral ia and 

Russ ia. 

In Ethiopia two types of cult ivated lupin plants are found : a large-seeded type as grown in Egypt 

and Sudan, but also small-seeded type with small seeded (Jansen el al., 2006) as cited by Zer ihun 

(20 12). The local community in the NOl1h- Western Ethiopia gives the name ' Gibto' because they 

thought the seed is originated and introduced from Egypt (,Gibste' in Amharic) (Habtie et al., 

2009). White lupin is a traditional crop in Ethiopia which growth at 1500- 3000m alt itude. 

2.3 Taxonomy and classification 

Lupinus is a large and diverse genus in the legume fam ilies (Fabaceae). Lllpinus is a genus of se lf 

or cross-pollinating, consist ing of mostly indefi nite plant spec ies native to dive rse geographi c 
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locations (Phan, el aI., 2007). Its common name used in Europe and Australia is lupin for both 

native and domesticated species, while the common name for native lupinus in North America is 

lupine (Information portal for lupins 20 lOa). 

Taxonomically, lupins are classified in the order Faba les, Family Fabaceae, tribe Genisteae and 

genus lupinus L. (Clements el al., 2005a). The number of species in this genus is not well 

defined and it was thought to be over 1000 (Kurlovich el ai. , 2002b). However, the commonly 

agreed number of the existing lupin species is around 280. Out of the recognized species only 

four: (Reinhard el a/,. 2006): (L. a/bus L.: white lupin, L. angllsli/o/ills L.: blue or narrow-leafed 

lupin. L. //.Ileus L.: yellow lupin and L. I11l1labilis L.: pearl or Tan'wi lupin) are of agronomic 

interest (Reinhard el ai., 2006; Mulayim el ai., 2002; Uzun el a/., 2007). 

2.4 Production and distribution of lupin 

Australia has been the dominant lupin producer 111 the world since 1990, and produces 1.4 

mi ll ion tones of lupins a year, mak ing it the world's largest producer and the only significant 

exporter. It accounted for around 85% of global lupin production over the ten yea rs to 2006 

(Lawrance 2007). 

According to the 20 12 figure from the Austral ia bureau of statisti cs, in terms of growing area 

lupins is the fifth largest crop grown in Australia after wheat, barley, canDia and oats. 

An averaged 41 % of annual Australian lupin was exported during the five yea rs to 2005-06 to 

destining South Korea, European Union, Japan, Chinese and Taipei with each export destination 

tak ing around 50, 27, 12 and 3%, respecti ve ly (Lawrance 2007). From 2006, Australia lupin 

production reduced dramatically due to drought. In 2008, the global lupin production was around 

774,000 tonnes, of which 63% was produced in Austra lia (FAO 2008). Other maj or Ipin 

producing countries are Belarus, Poland, Germany, Chile and Russia. 

According to Erbas el ai. , (2005), a total of 1,387,660 t of lupin seed was produced worldwide in 

200l.A recent figure shows that South Korea, Japan, Neatherland,Malaysia and Germany were 

the top fi ve western Austral ia lupin export markets in 20 10-1 I( DAFWA 2012). Lupin has a long 

history in the United States as a green-manure nitrogen source. At one time, over one million 

10 



hectares of blue, yellow, and wh ite lupin were grown in the southern Un ited States as green 

manure for cotton (Bhardwa, 1998). 

The area of lupins in the former USSR is estimated to have reached 600,000 ha for grai n and up 

to 2 million ha for green fo rage and green manure, of which more than 90% was ye llow lupin 

(Takunov el aI., 1993) . The major regions for yellow lup in cu lti vation are the Belarus, Lithuania, 

Latvia, the fo rest-steppe zone of Zhito mir and Chernigov Provinces in Ukraine and the Bryansk 

Provi nce of European Russ ia (K url ovich, 2002). Fusar ium wi lt spread th rough the forme r USSR 

in the 1960s and caused a decline in lupin area wh ich was not reversed until the introduct ion of 

res istant cult ivars in the late 1970s. There has been a steady dec line in both L. /uleus and L. a/bus 

production in Europe since the 1980s for two mai n reasons. Firstly, anth racnose which began to 

sp read thro ugh Europe in the early 1980s, paffected these species mo re than narrow-l eafed 

lupins. Secondl y, the free ing up of imports by East Germany, Poland and Russ ia in the 1990s has 

seen greater use of soybean meal fo r feed and more avai lab le nitrogen fert ilizers. An increasing 

interest in growing lupins in France and the UK occurred in the 1990s in response to a desire by 

the local animal industri es to source a 'home-grown' non-GM source of vegetable protein (LISA, 

2007). 

L. anguslifo/ius is becoming more popular in the UK, Germany and Po land due to greater 

anthracnose resi stance compared to the other lupin species. In Portugal, Spain, Morocco and 

Tunisia bitter and shattering L. luleus landraces have been selected over the centuries for forage. 

In these regions sheep and goat grazing is practised, and often the lupins are a regenerating cover 

crop under cork oak plan tations (G ladstones , 1998). 

South A fr ican lu pin production reached 60,000 tonnes III the 1960s (FAOSTA T, 2008). L. 

angllslifolius and L. lUieus have been grown in rotation with wheat in the Western Cape which 

has a typica l Mediterranean winter ra in fa ll climate. L. albus has been grown more in the northern 

summer ra infa ll zone, but weed con trol has been a major constrai nt in these areas (Van del' Mey, 

1996). Disease problems includ ing powde ry mil dew. phomops is and more recent ly anthracnose 

have li mi ted the expansion of the crop throughout the country (Koch, 1996). Van del' Mey 

( 1996) esti mated that there were about 80,000 ha of lupins in South Africa at that time, grown 

for grain, 'standing hay' and silage . 
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CUlTently, Chile is the only country in the world where lupin production is increasing with 

annual production of 70,000 t in 2006 in South America (FAOSTA T, 2008). Most of this 

production is L. alb us which is grown in Region IX and has benefited from a strong local 

breeding effort. However, there is increasing interest in L. angusli(olius and L. II/Ieus. A 

significant proport ion of lupin is being utilized by the large Chilean salmon aquaculture industry. 

In the Andean highlands a small quantity of bitter L. mUlabilis is st ill culti vated using traditional 

methods by farmers in Ecuador, Peru and Bolivia. FAO production data indicates prod uction in 

Peru is consistently in the order of 9,000 t (FAOST A T, 2008). 

Current production in Argentina is insignificant , but trial plots' data matched to climate and soil­

type analysis indicate that substantial areas of the Pampas where wheat is currently grown are 

suitable for L. albus production (Ravelo and Planchuelo, 2005). 

2.5 Agricultural importance of lupin 

The role of lupins in agricultural systems has changed dramatically over the millennia and 

paI1icuiarly over the last century since they have been domesticated as a grain crop for modern 

agriculture. The maj or cultivated species of Lupinus (Iupins) genus belonging to Fabaceae are L. 

albus L. (white lupin), L. anguslij'olius L. (blue lupin), L. luleus L. (yellow lupin) and L. 

J11l1labilis (Andean lupin or tarwi) (Mulayim el al., 2002). 

Lupin crops are often grown in rotation with other crops, usually cereals. Throughout the history 

of use of lupins their ro le as a nitrogen fixer and soi l health improver has remained central. 

Incorporating lupin in to rotations confers benefit s to the farming system that includes the 

reduced di sease in the subsequent cereal crop, increased supply of organi c nitrogen, increased 

supply of hi gh quality sheep feed and more options to contro l weeds (Harri es and Peek 2008). 

Wheat: lupin rotations widely used in Aust ralia is contributed directl y to increased wheat yield 

and effective control of weeds. 

Lupins playa complementary or alternat ive role as sources of organ ic fertil izer to replenish 

ni trogen depleted so ils in farming systems. Like other legumes. lupins obtain their nitrogen 

requirement through symbiotic association with N- fixing rhi zobium. Annual nitrogen fixation or 

assimilation by lupinus species is estimated to range from 145 to 208 kg fha/year and has 
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reported by Jansen (2006) an atmospheri c nitrogen fi xation rates up to 400kg N/halyear have 

been observed in Europe and Austra li a. The high nitrogen yield of lup ins can be exploited by 

using them in rotati on with grasses or cereal crops. 

Lupin has high above ground biomass and deep taproots (often going down to 2m (Eastwood et 

aI., 2008), which make it highly useful in aerating soil , or supplying it with oxygen and water. It 

helps create a better environment for growth and survival of other plants. It makes it excellent to 

be used as green manure . Lupin is an undervalued gra in legume that can be grown under 

marginal agricultural conditions (Mann and Truswell 2002). 

Since lupin has a high tendency of growing on marginal lands, it will help to balance the 

ecology, thus cou ld contribute in protecting in the degradation of the environment and also helps 

in stab ili zi ng so il (Uzun,el al., 2007). Lupin can be mixed in the soi l during the flowering period 

in green houses to contro l some pests due to its alkaloid contents. Yildi z (2011) as cited in 

Yorgancilar el aI. , (2009) reported that waste of bo il ed lupin water which contain bitter alkaloid 

compound might be used in organic farming systems against pests. Moreover, lupin extract has 

suppressive effect on plant parasitic nematodes. Lupin has a characteri sti cs of non shattering, 

di sease res istant, high yield giving, growing on marginal soi l with poor soi l nu trient and 

minimum or low agric ultu ral practice on acidic type soi ls wh ich in turn requires 

The Lupinus spec ies most ly have habitats range from desert vall eys to tropical high lands; from 

high mountain regions to coastal plains and in general the species seems well adapted to a 

number of cl imatic env ironments and there is considerable variation with in thi s species (Wolko 

el al., 201 1). 

2.6 Austra lian Sweet Lupin (Lupillus (Il1gllsti/o/ius L.) 

Australian sweet lupin ' refers to the legume crop of Lupinus angusli/olius (narrow-leafed lupin) 

cul tivated in Australia (Wolko el al. , 20 11). 

During the 1 960s, Australian sc ienti sts domesticated thi s species to create the Australian sweet 

lupin of today - an earlier flowering, sweet seeded version of its wi ld relative with nonshattering 

pods and a permeable seed coat. Food Standards Australia New Zea land has recognized 
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Australian sweet lupin as fi t for human consumption since 1987. its wild type is characterized by 

bitter seeds, shattering pods, an impermeable seed-coat and is late flowering, making it unsuited 

to modem farming and human consumption. In Europe, lupins are used to replace cereal grains 

or soy in food products such as baked goods, small goods and noodles and pasta. In fact it is 

estimated that 500,000 tonnes of food products in Europe contain European white lupin and 

Australian sweet lupin as an ingredient. Australia is the world 's largest producer of Australian 

sweet lupin with Australian farmers producing about one million tones of the grain each year. 

(a) (b) 

Fig 2. Seeds of Australian sweet lupin (Lupinus angustifolius) (a) and white lupin (Lupinus 
a/bus) (b) 

Australian sweet lupin has a typical dicotyledonous structure. The seeds coat comprises 25 per 

cent of the total seed weight and is mostly cellulose and hemi cellulose. It is the cotyledons 

(kernels) that are most suitable for use in food product development (Batterham and Egan 1987). 

The protein content of the lupin kernel is very high and can constitute more than half the kernel 's 

total weight. Most of the proteins consist of globulin type storage proteins called conglutins; 

these make up about 85 per cent of the total protein and have simi lar size and physical properties 

to the storage proteins of other grain legume species. The remaining 15 per cent of proteins are 

albumins, which are soluble at pH 5 and vary in s ize from about 6,000 to 117,000 daltons. 

The lipid content of Australian sweet lupin is made up of triglycerides (71%), phospholipids 

(15%), free sterols (5%), glycolipids (3 .5%) sterol and wax esters (Ahmed 2014). (0 .5%), free 
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alcohols (0.4%) and unidentifi ed waxy material (4%). The sterols present in the non-saponifi 

able fraction of the oil are mainly sitosterol and campesterol with smaller amounts of 

stigmasterol and avenasteroI. 

The mineral (ash) content of Australian sweet lupin varieties\ fluctuates between 3.2 and 

4.6g/1 OOg dry matter. Typical mineral contents in mg/g are: calcium between 15 and 29; 

magnesium II - 20; sodium 3 - II and; potassium 66 - 90. Typical trace element contents in 

mg/kg are : iron 31 - 150; zinc 24 - 45 and; copper 2.5 - 6.8(Cowling et at. 1998). 

Australian sweet lupin has a very low content of proteinaceous antinutritional factors. Typically, 

trypsin inhibitor activity is < 0.1 mg/kg, and chymotrypsin inhibitor activity < 0.1 mg/kg. Lectin 

activity is virtually non-existent in Australian sweet lupin. The grain of modem domesticated 

Australian sweet lupin cultivars typically contains less than 200 mg/kg alkaloids. In contrast, 

grain from 'bitter' wild lupin types can contain from 5,000 to 40,000 mg/kg alkaloids (Cowling 

et at. 1998). 

Australian Sweet Lupin 
NArrOW I p;~f"rl IlJ!,ln :N I I ) 
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. C ell \Mall IV I.:In=r i.ol - ( 3 0 f"l,.-L. 
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Fig.3.Seed coat and cotyledon composition of Australian Sweet lupin (Lupillus 

allgw;tijolius) 
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2.7 Chemical composition and nutritional value of lupin 

2.7.1 Proximate composition 

2.7.1.1 Crude protein 

The major biochemical feat ure of lupin is the capabil ity to synthes ize high proportion of protein 

due to its coexistence with nodule bacteria, whi ch provides the lupin with the abil ity to flx the 

atmospheric nitrogen and change it into usable form (prote in and other nitrogen substances) 

(Kurlovich el al., 2002). 

Lupin, like other legumes, is a source of high quality protein, essential amino acids, oil and 

other nutritive substances. Protein content of wh ite lupin seed (33-47%) is higher than other 

legumes, and close to the soy protein content. Lupin seed storage protein is made up of a large 

proportion (85%) of globulins and small proport ion (15%) of albumins (Petterson, 1998). 

The globulins fraction conta ins three major proteins: a-, P-, and y- conglutins. Of which, y­

conglutin is a lupin epecific globuli n (Salmanowicz 1995) and has recently attracted more 

attention due to its unique glucose controlling- properti es. 

Compared to other grain legumes such as peas. soyabean, and string bean, lupins appear to 

contain the least amount of protein having anti nutritious properti es : inhihitors of protcinase and 

hemagglutinins (Ject ins) . They are practically absent in the main cultivated spec ies and cu lti va rs 

(Kurlovich el al., 2002). 

The amino acid profl le of lupin seed proteins is high in argllllne, lys ine, leucine and 

phnylalaninewhen compared to soyabean. The notable difference is methion ine and scystine 

(Glencross, 200 I). 

Contrary to cereals, lupin proteins contain high amount of lysine and low al110unt of sulphur 

contai ning am ino acids (Dervas el al., 1999). As a member of legume family lupin bean protein 

is rich in lysine and deflcient in sulfur containing amino acids (Sujak, el al. , 2005). In contrast its 

arginine content is marked ly higher and also the value of leucine is sat isfacto ry for most of the 

species of lupinus. Apart from the highest leve l of amino acids within the crude protein, it was 

found to have a better and nutritionally more beneflcial am ino acid composition and the highest 

essent ial amino acid level (EAA). It is also characterized by a higher essential amino acid index 
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(EAA!) as well as chemical score (CS) of restrictive amino acids, and the highest protein 

efficiency ratio (PER), expressed in terms of the availability of leucine and tyrosine as compared 

to blue and ye llow lupine variet ies (Zraly, el ai., 2007). Based on th is fact Lupinus seeds have 

been employed as a protein source for animal and human nutri tion in various parts of the world 

(Sanchez, el ai. , 2004). Generall y plant proteins are increas ingly used as food ingred ient s 

because they improve nutriti ona l profile, stab ili ze the texture and opt im ize rec ipe costs. Analyses 

of nutritional va lues of different Lupinus species have shown that the bio-avail abi lity of the 

constituents is comparable to those of processed soybeans (Joray, el ai., 2007). 

Currently, there are only few companies in Europe that produce Lupinus protein ingredients for 

food use. The products avai lable are toasted and non-toasted lupin flour, grits, granulates, fiber 

and prote in concentrates the non-defatted seed. 

2.7.1.2 Carbohydrates 

Lupins are typically low in swrch and most spec ies contain less than 1.5 %in the seeds. therefore 

the non-starch polysacchari des (NS P) constitute the major proportion of the carbohydrate 

li'acti on of al l lupin spec ies, typicall y being about 40% (G lencross, 200 I). Lupin seed hull and 

cotyledon contain different types of carbohydrates. The hull is predominantl y composed of NSP 

such as cel lulose and in contrast, the main NSP in coty ledons are non-struct ural pol ysaccharides 

of the cell wa ll , with the main constituent sugars of be ing galactose, arabi nos and uronic acids 

(Petterson, 1998). 

2.7.1.3 Lipids 

The contents of lipids vary considerab ly among different lupin species. The composition of tota l 

lipids wi th the whole seed of L. angusti{olius as example is: triacyglyce rols (or tri glycerides 

71.1 %, phospholipids (1 4.9%), free sterol s (5.2%), glycolipids (3.5%), stero ls and wax eters 

(0.5%), free alcoho ls (0.4%), hydrocarbons (0.4%) , and unidentifi ed wax materials (0 .4%) 

(Glencross 200 I). 

Lupin has considerable amount of oil (5-20%) in the whole seed although it is not an oilseed 

crop (Mohamed and Rayas-Duarte 1995). The fat leve l in lupin is ranked third after ground nut 

(Arachis hypogeae) and soybean (Giycin amx) among legumes (Joray, el ai., 2007). 
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The fatty acids of the oil from the raw seed are composed of more of unsaturated fatty acid and 

small percentage of saturated fatty acids. Among the unsaturated fatty acids, mainly oleic and 

linolenic ac ids are fo und (Uzun, el aI. , 2006). 

2.7.1.4 Fiber 

The hu ll constitutes considerab le part of the lupi n seeds (20%) with a high content of dietary 

fibre and other valua bl e source of health promoti ng ingredients especiall y antioxidants (Gorecka 

el al., 2000). Lup in seeds with 34.44- 39.42% dietary fibe r content (3.64- 5.2 1 % soluble and 

30.80- 34.22% inso lu ble) may also be a potential source fo r the production of dietetic food 

(Marti nez-Vi lla luenga el 01 .. 2006). 

2.7.2 Toxins 

Most wild lupin species are considered to be tox ic due to their high content of qu inolizidine 

alkaloids (Keeler. 1989). Lupi nes are also associated with a mycotoxicosis ca ll ed lupinoses 

caused by phomopsins (Al len 1998). However, toxi ns in commercia lly grown lupins have 

generally been reduced to manageable levels as a result of domestication and breeding (Cowling 

el aI., 1998). Alkalo id content is a dominant trait determined by four genes in yellow lupine, by 

five genes in narrow-leaved and by eight genes in white lup ine (Phan et aI., 2007) . Through plant 

breeding programme, the level of alkaloids could be reduced to acceptable level for human and 

animal consumption. In Austral ia, lu pin varieties with low alkaloid content, so-called 'sweet 

lupins', have been developed through plant-breeding programs. Data indicates that the mean 

alkaloid content of marketable sweet lup in seed is on average 130-150 mg/kg. 

2. 7.3 Antinutritional factol's 

2.7.3.1 Alka loids 

The most prominent ant i-nu tritional facto rs in lupin seeds are the bitter and toxic quinol izid ine 

alkaloids, which occur at concentrations up to 2.5%. Although Lupin seeds are currently gaini ng 

global popularity as a good protein source, their high alkaloid content is a significant lim iting 

factor to their more widespread consumption. 

There are many tox ic alka loids present in the genus Lupinus, including pyroli zidine and 

piperidine alakloids (Panter el 01., 1998). The lupin alkaloids in the species of agricultural 
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importance are usually derivatives of quin iliz idine and, therefore, called quinolizidine alkaloids 

(QAs). Over 100 QAs have been reported in the genus Lupinus (Wink el al. , 1995). 

The main role of alkaloids is to provide the plant a chemical defense against herbi vo res. Some of 

the alkaloids may also display antimicrobial ativities and confer resistance to bacterial and fungal 

pathogens and are used as a nitrogen source for seedlings (Erdemoglu el aI., 2007). However, 

alkaloids make lupin seeds bitter and are toxic when ingested by humans or animals. Another 

theory proclaims alkaloids to be useless products of protein metabolism (Clements el al. , 1996). 

Yet another opinion is that alkaloids, accumulated in the underground parts ora plant, participate 

in metabolic processes, induce root growth and, on leaching into the soi l, become a barrier to 

microorganisms (Peneva, 2006). However, none of the above theories comprehensively explains 

the significance of alkaloids to plants, because some plants accumulate alkaloids while others do 

not. 

Different lupin species have different profiles of alkaloids, and within species there are usually 

four or five major alkaloids and several minor ones (Allen, 1998). Lupanine and sparteine are the 

most common QAs that show acute oral toxicity due to neurological effects leading to the loss of 

moto co-ordination and muscular control (Resta el al., 2008a). Wild lupins have more complex 

alkaloid profiles than the domesticated lupin cultivars. However, total alkaloid concentrations 

range from 0.01 to 4% depending on the species, plant part and growing conditions (Allen, 

1998). 

The alkaloids confer a bitter taste to the seed and are toxic when ingested. To eliminate them, an 

elaborate cooking process is necessary or a breeding work should be done to develop a sweet 

variety (Kurzbaum, el al., 2008). Lupin alka loids are characteri zed by toxic as well as 

pharmacological properties. In yellow fodd er lupine, the alkaloid concentration may range from 

0.005% to 1.7% and in narrow-leaved from 0.005% to 3.0%. In lupines, the alka loid levels 

varying between 0.025- 0.099% is considered low. Breeding alkaloid-free lupin varieties or 

varieties with low amounts of alkaloids offers new possibilities for lupine application not only in 

forage production but also in the food industry. 
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SPARTEI NE o ANACi YRINE 

Fig. 4. Chemical structu re of some of alka loids in L lipili lis ~1}ecies 

Alkaloids show an uneven distribution in plant organs. Some plants accumulate them mostly in 

seeds and others in leaves, roots or cortex. The same plant may accumulate both similar and 

different alkaloids. Alka loid content changes during vegetation period. It will reach maximum 

level on flowering whi le its concentration is lower at the stage of budding and lowest at the stage 

of fu ll ripeness (Resta el al., 2008a. Alkaloid content in Lupin depends on numerous factors such 

as species variety, age (developmental stage), environment and geographical location. At the end 

of vegetation, alka loids accumulate in seeds and roots . These alkaloids may be found in any 

derivative of the seed or plant , including flours and meal that can be used to prepare pastas, 

pastri es and dairy product substi tutes. 

2.7.3.1.1 Health effects of alkaloids 

Lupin alkaloids can impact the central nervous systems of the mammals, with low levels acting 

as stimulators and higher levels as suppressors (Kurzbaum el al. . 2008). QA intoxication is 

characterized by trembling, shaking excitation, and convulsion, and can lead to antico linergic 

syndrome with blurred vision, dry mouth, nervousness and malaiase (Kurzbaum el al. . 2008). 

Lupanine and sparte ine are the most common QAs that show acute oral toxicity due to 

nurological effects leadi ng to the loss of moto co-ord ination and muscula r contro l (resta el aI., 

2008a). The food safety and hea lth authorities of some countries, including France, UK, 

Australia and New Zea land have set the maximum limit of alkaloid contel1l in lupin flours and 

food at 200mg/kg (Resta el al. , 2008a). Quinol izidine alkaloids also affect Na + and K+ channels, 

induci ng gastro intestinal, nervous and respiratory symptoms in humans and anima ls. 

2,7.3.2 Phytates 

The consumption of gra in legumes in human diet is limi ted due to the ant-nutritional factors. 

These include, a-ga lacto ligosaccharides, phytic acid, condensed tannins, polyphenols, protease 
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inhibitors, (J.- amylase inhibitors, lectins, etc (Joray, ef al. , 2007). Phytic acid (myo-inositol 1,2, 

3, 4, 5, 6-hexakis-dihydrogen phosphate) is a co mpound found in cereal grains, legumes, nuts 

and oi lseeds, it is known as an ant i nutri ent because it decreases bioavailability of mineral s and 

protein in animal and humans. Mineral ions may bind with one or more phosphate groups in one 

or more PA molecules and result in red uced bioavaialblity of Ca, Zn, Fe and Mg (Torres el al. 

2005). 

Unlike other leguminous plants such as peas, soy beans, Lupins contain extremely low amounts 

of trypsin inhibitors, lectins, iso-flavone, saponins, and cyanogens and phytates. Trugo el al 

( 1993) reported that lupin varieties grown in South America contain 0.4-1.2% phytic acid. These 

values were similar to those of lentil beans and peas (Donangelo el al 1986), but lower than 

soybeans. The phytic acid content in cultivated lupin is below I %, which is less than barly, 

wheat and soya bean (Allen 1998). 

During food process ing some applications such as dehulling. grinding, soaking, cooking, 

fermentation and phytase addition reduce the PA content of the end product at variable degree 

depending on process condition (B ilgi91i el al. 2006). In legume seeds, long soaking process at 

suitable pH and cooking processes under atmospheric condition/pressure or by using microwave 

are effecti ve methods for loweri ng the PA content of raw material. 

2.7.4 Traditional pl'ocess ing mcthods used to rcmove ant-nutritional factors 

Attempts to increase the utilization of legumes have employed a wide range of processing 

techniques, such as roasting, soaking, boiling, de-hu lling. ge rmination, cook ing, ferm entation 

and recent ly ex trusion cooking. De-hulling, soaking and germination were found to increase the 

biological value of legumes. A brief description of the major methods which are used today to 

process lupins is provided below. 

2.7.4.1 Roasting 

Heat treatment is the most common method used to reduce or remove any anti -nutritional factors 

in grain legumes including lupins. Subjecting grains to heat for va ryi ng periods of time. namel y, 

toasting and roast ing, is widely practiced as a method of decortications. These practices are 

bas ically techniques for drying the grains. Initially, either presoaked moistened legumes or those 
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to which no add itional water has been added are used. The addition of heat to legumes by 

roasting, toasting, or parching renders the husks easier to remove since they become brittle and 

subsequently crack. When these methods are appl ied to moistened grains, the cotyledons have a 

tendency to shrink more than the husk, resulting in the husk being loosened from the cotyledon 

(Kurien and Parpia 1968). In addition to fac ilitating husk removal, heating can be effect ive in 

destroying toxic factors present in legumes (Kurien el al. 1972). Liener (1962) has reported that 

most ant inu tritional or tox ic effects of legumes can be partially or wholly elimi nated by the 

proper application of hea t. Such factors include trypsin inhibi to rs, haemaggluti nins, goi terogenic 

agents, cyanogen ic glucos ides, alka loids, and saponins. Roasting as a legume processing method 

also improves the fl avour, texture, and nutrit ive value of the grain. It also can serve as a 

preliminary step in fac ili tating husk removal during wet or dry grinding. 

2.7.4.2 Soaking 

Soaking is among the most noteworthy methods that do not rely on the use of heat but are 

successful in improving the nutritional va lue of gra in legumes. Legumes and some cereal gra ins 

are soaked before furth er processing in order to make them soften, to shorten the cooking time 

and remove the bitter taste and toxic substances of seeds. Previous stud ies have shown that 

cooki ng and soak ing increase the nutr itional properties such as ash, mineral ancl prote in 

digest ibility, and decrease anti nutrients such as trypsi n inhi bitor, oligosaccharides and PA 

(Mubarak 2005). These processes also decrease the total pheno ls, flavonoid s, soluble mineral s, 

vitamin E and beta-carotene contents due to the leaching of these components into 

soaking/cooking water (Bilgiyl i 2009). Many varieties of lupin have high levels of alkaloids 

which give bitter and undes irable taste to seeds. These compounds are removed from the seeds 

by boiling and then washing uncler runni ng water for several days (Rahma and Naras inga 1984). 

The effects of soaking and de-hull ing on changes of nutri tional composi tion of legumes were 

found to be significant in different studies which have which have been cond ucted (Youssef el 

at., 1987). Soaking the seeds in distilled water caused max imum reduction in phytic acid content, 

whereas soaking in Nal-IeO] solution reduced phenolics and tannins by sign ificant level s (72% 

and 78%, respecti vely). Soak ing legume seeds in wate r generally helps to reduce an ti-nutriti ona l 

factors li ke phytic acid and tannins, to prevent mineral deficiencies and make the proteins more 
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readily avai lable fo r absorption. The alkaloid levels in lupin seeds can be reduces to the optimum 

levels through soaking and de-hulling practi ces. 

The soaking process of legume seeds was also thought to change texture characteri sti cs and 

facilitates protein ex tract ion process from the seed such as soy protein (Pan and Tangratanavalee 

2003). It was reported that textural changes of legume seeds resulted from wate r absorption 

during soaki ng process. Similarly, in our coun try. soak ing lupin seeds in the running wa ter is 

commonly practi ced traditional process ing methods to remove alkaloid contents by lupin 

producing and consuming communities (northern parts of Eth iopia) (Paulos, 2009). 

2.7.4.3 Germination 

Germination is a natural process that causes important changes in the biochemical , nutrit ional 

and sensory characteristics of legumes. It is one of the methods that do not rely on use of heat for 

improving the nutritive value and decreasing the level of antinutritional factors. It is considered 

to be a suitable procedure to for improving the nutritional value of legume seeds by reducing 

level of ant-nutrit ional factors. Germinat ion is considered a potentiall y bene fi cial process for 

legume seed transformation which may decrease undes irab le components such as alka loids and 

phytates 

During germi nation, some grade of transformation of alkaloids to other more bioact ive 

compounds, such as esters, occurs. Cuad ra el al., (1994) found a slight increase in alka loids 

during germination of L. albus, L. anguslifolius, and L. campeslris, and no o. -pyridone alkaloids, 

such as the highl y toxic anagyrine and cytosine, were detected in any of these species. 

Germination al so increases nutrients such as vitamin C and increase protein digestibi lity (Kuo el 

al., 2004), consequently improving nutritional quality. Addit ional advantages of germination are 

reduction in cooking time and improvement of the product sensorial attributes. Germ inat ion has 

been shown to decrease the level of o.-galactosides of diffe rent legume seeds including soybean, 

black bean, and lupin seed, with the corresponding decrease in carbohydrates avai lable for 

fermentation in the large human intes tine. The content of trypsin inhi bitors and phytates is also 

decreased, but considerable amounts of these factors are still present after germination (Trugo el 

aI. , 1990). 
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2.7.4.4 Dc-hulling 

De-hulling which is detaching or removal of the outer coati husk of legume beans is widely used 

traditional processing methods to eliminate ant-nutritional factors and enhance nutritional value 

of legume seeds. De-hulling is also an effective method to reduce a-ga lactosides known to cause 

flatulence. The processing also noted to increase the contents of copper, zinc and potassium in 

beans, whi le whil e it significantly decreased the amounts of iron, manganese, phosphorus, 

calcium, magnes ium and sodium (Youssef el 01. , 1987). 

2.7.4.5 Fermentation 

Fermentation is widely used in food detoxification process (Salih el aI., 1991) and a variety of 

fermented foods are eaten around the world. The fu rther development of fermented foods has 

been advocated by nutritionists because of the nutritional benefits of such products. Fermentat ion 

is also an effective means of food preservation (Nouts and Robouts 1992). Fermented foods can 

be prepared on an industri al or household scale. Indeed, many fermented food products are 

prepared by very simple techniques a fact which facilitates their adoption in underdeveloped 

countries for the detoxi fication of alternati ve food sources such as lupin alkaloids. Incorporation 

of fennentation process in in to simple food technologies offers good prospects fo r detoxification 

of food sources while simultaneously giving flexibility in the manipulat ion of flavor, texture and 

color of the raw material. In practice, the fermentat ion process breaks down carbohydrate 

(starch) to acid as the final end product by the action of microorganisl11s (bacteria, 1110ulds, and 

yeast). In the household practice, such microorganisms in the atmosphere are the fermenting 

organisms. Thi s is also true in village-scale operations. Conversely, cont rolled fermentat ion, 

using specific mou lds and bacteria, is followed in large-sca le commercial operations. 

2.7.4 Co mmonly consumed lupin based food products 

Food prod ucts availab le on different markets of Europe are lupin snacks, lupin pasta, lupin bread 

and cookies, lupin coffee and some vegetarian instant meals. Lupines and lupine products have 

traditionally formed part of the human diet (Sanchez, el 01., 2004). Lupin seed fl our can 

substitute part of the wheat flour used for bread, cake and pasta. Lupin flour is added for 

nutritive value and also provides functional properties in bakery and pastry products, protein 

concent rates and other industrial products, as well as the elaboration of lactose free milk and 
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yoghurt analogues. Lupin flour has characteristics of improving the micro distribution of water in 

dough and mixtures . Products could then resist freezing and thawing better, the preparation of 

bread dough could be easier, shrinking could be limited, and emulsifying power will be good, tor 

a yellow color development, to change some of rheological parameters, like crispness and 

smoothness. Lupin flours are largely used as eggs substitute, for example in cakes , pancakes, and 

biscuit. The flour can also be used as a butter substitute in cakes (Lacana, 1999). 

(a) (b) 

!%If 1G%lf 1!%lf 

(d) 

(c) 

Fig,S, Some of lupin 0001' incOI'pomted food product (lupin kemeyl 0001' (a), lupin 

pasta(b), lupin pl'otein pl'Oduct (d) and lupin supplemented bl'ead(c), 
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2.7.S Production and consumption information of lupin in Ethiopia 

Of the four agri culturally important lupin species, whi te lupin (Lupin1ls a/bus) is widely 

produced and consumed in Ethiopia. This bitter lupin is widely found in Northern, part icularl y 

Gojam and Gonder areas of Amhara region and Southern (Guraghe) areas of the country . In this 

areas lupin (Lupin us a/bus) is used as a food crop (CSA, 2007) as cited by Paulos (2009). This 

species has very useful agronomic characteri stics. It is non-shattering, disease res istant, hi gh 

yield giving (I.2t/ha), growing on margi nal so il and so on. But, regardi ng its good agri cultura l 

and nutritional value, only few researches has been done to efficientl y use the crop to its 

max imum full potential. Shimel is Emire (20 I 0) studied the chemical composition, physic­

chemical and functional properti es of lupin (Lupinus a/bus) seeds, and reported that the seeds 

contain adequate amount of protein, ca rbohydrates, and minerals. People li ving in west Gojam 

are the predominant consumers of the crop (oral communication) as cited by Paulos (2009). 

People in that area consume the crop primarily as snack and as a raw material for local beverage 

"Araki" processing. Now days the local community consuming it as "Shiro" simila r to other 

CO l11 mon legumes like pea, bean, etc. There is an ancient be lieve that Lupin1ls a/bus is a remedy 

for people havi ng hypertension. And some of the farmers liv ing nearby lakes are using the seed 

for fi sheries as a feed , due to its toxic nature of the alkaloids. 
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3. MATERIALS AND MEHODS 

3.1 Sample collection and preparation 

The samples of new (Lupinus anguslifo/ius) and loca l (Ll/pinus a/bus) lupin seeds were obtained 

from Holetta Agricu ltural Research Center. The samples were packed in polyethylene bags and 

transported to Food Science and Nutrition Laboratory, Add is Ababa Univers ity. The samples 

were thorough ly cleaned manually by picking all broken kernels, stones, together with other 

fo reign part icles. The cleaned seeds we re ground in 60-mesh flour, packed in polyethylene bags 

and stored at room temperature (2S°C) unti l analys is. The seed flour obtained was analyzed for 

prox imate chemical composi ti on, mineral compositions, anti-nutritional factors and functional 

properties. The cleaned seeds of both samples were further subjected to two mai n trad it ional 

processing methods for purpose of prod uct development and sensory analyses . These methods 

were roasting fo llowed by soaking and boiling followed by soaking. 

3.1.1 Roasting and soaking 

The cleaned seeds of each lupi n samples (Lupinus angustifo/ius and Lupinus albus) were roasted 

on metal pane for about 10 minutes (Paulos, 2009) together with pre-cleaned sand. The sand was 

used fur uni form heat fl ow (conduction) during roasting. Then the sand was remo ved followed 

by wash ing and allowed to coo l for IS minutes . The washed seeds were soaked for 114h at lupin 

to water ratio of I : 10(w/v) and the soaking water was changed every 12h interval to wash out 

alkaloid according to the same author. The soaking times were used as exactl y app lied in 

traditionall y and thi s var iation of soaking time between the two lupins is related to the leve l of 

alkaloids. The removal o f the bi tterness was checked by tasti ng the who le seed simila r to the 

traditional process ing (tast ing the seed whi le process ing) . After soaking, the seeds were oven 

dried at SOoC for 24 hrs . The oven dri ed samples were ground in 60-mesh flour, packed in 

polyethylene bags and stored at room temperature until analyses . The seed flo ur obtained was 

analyzed for proximate chemical composition, mineral contents, ant-nut ri tiona l facto rs and 

functional properties. 

3.1.2 Boiling and soaking 

The cleaned lupin seeds were bo iled in water fo r 7S minutes accord ing to Erbas (20 I 0) to destroy 

thermo labile anti-nutritional facto rs, such as trypsin inhibi tors and part icularl y to soften the 
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seed. The boiled seeds were then soaked for 144h at lupin to water ratio of I: I O(w/v) and the 

soaking water was changed every 12 lu's interval. The removal of the bitterness was checked by 

tasting the who le seed as explained in the sect ion 3.1.1 above . After soaking, the seeds were 

oven dried at 50°C for 24h. The oven dried samples were then milled using laboratory sample 

mill with sieve size of 60 meshes and packed in polyethylene bags. The packed lupin fl our was 

stored at room temperature until analys is. 

In add ition, 24 hour soaking was used for the new lupin variety in each case which was not used 

in the case of the local variety. Th is is because the new variety is assumed to have lowe r alkaloid 

content since it is sweet lupin type. Where the loca l lu pin var iety is cons idered to have hi gh total 

alkalo id content and usua ll y soaking for at least 5 to 7 days is recommended to de-bitter the 

seeds (Paulos, 2009). 
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Properti es ana lyses 

Fig.6.Flow chaIt for lupin flollr preparat ion 
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3.2 Proximate analysis 

Proximate composition of the seed flour including moisture, crude fat, crude protein, total ash 

and crude fibe r were determined using AOAC official methods of925.09 , 4.5.01, 979.09, 923 .03 

and 962.09 of 2000, respectively. Total carbohydrates and utili zable carbohydrate content in the 

lupin samples were calculated by difference. The total energy content of each sample was 

estimated (in kcal/g) by multiplying the percentages of crude protein, crude li pid and avai lab le 

ca rbohydrate with the recommended factors. 

Total energy (gil OOg) = (9 x crud fa t + 4x crud protein + 4x utili zable carbohydrate). 

Seed contents of Ca (macro) and Fe and Zn (microelements) were determined using Atomic 

Absorpt ion Spectrometric methods. 

3.2.1 Moisture con tent ana lysis 

Triplicate samples were used for moisture content in a hot-air circulat ing oven (Galenkamp) 

(method No. 92S .09 (AOAC, 2000). A fi ve gram of sample was weighed using analytical 

balance in to the dish and mixed thoroughly and dried at 10SoC for 3 hrs. Then it was cooled in 

desiccators and ke pt in oven for I S min. This process was repeated un ti l constant weight was 

obtained. Then, the moisture content was calculated using the followin g formu lac; 

Mz -M3 
Moisture (gIlOOg) = X 100, where 

Mz- Ml 

M[= Mass of the di sh 

Mz= Mass of the dish and the sample before drying 

MJ = Mass of the dish and the sample after drying 

3.2.2 Crude ash analysis 

Ash was determined by incineration (SSO°C) of 2.Sg weights of the samples in a muffle furnace 

(Method No 923.03, 2000). 

The porcelain dishes lIsed fo r the analysis were washed by dilute hydrochlo ri c ac id on boiling 

and washed with disti lled water respectively. Then dried at 120°C in an oven and ign ited at 550 
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°c in furnace for 3 lu·s. Then the dishes were removed from furnace and cooled in a desiccator. 

The mass of the dish will be measured as MI. A 2.5 gm of sample powder were being weighed 

in to the porcelain di sh which is washed, dried and measured and recorded as M. The sample was 

charred at 120°C fo r 4 hrs on a hot plate, unti l the whole content becomes carbonized. Then the 

sample was placed in a fu rnace at 550°C until free fro m carbon and the residue appears grayish 

white after 5 hrs. The sample was removed from the furnace and placed in desiccator. 

M 3 -M1 
Ash (gil OOg) = ( ) X 100 where, 

Mz-M1 

M] =mass of the dried dish 

M2=mass of the dish and the sample 

M}=mass of the dish and the ash 

3.2.3 Crude fat analysis 

Crude fat was determ ined by exhaustively extracting sample in petroleum ether (boiling point, 40 

to 60°C) in a Soxh let ex tractor (Method No 4.5.01) (AOAC, 2000) . A 2g of the sample was 

weighed in a thimble lined with collon at their bottom and these thimbles were placed in to 

soxhlet extraction apparatus. Then 50 mL of diethyl ether was added in to and the ex traction 

process conti nue for 4 hI'S and then this flask with its content is removed from the soxhelet and 

placed in to drying oven at 92°C for 30 and was placed in to desiccators fo r 30 min. and finally 

the mass of each flask together with its fat contents was measured as M2. Then, the total lipid 

amount was calculated using given formula. 

M2 -M, 00 Fat (gil OOg) Xl, where 
M 

M2= mass of flask and lipid extracted 

M]= mass of dried flask 

M = weight of sample on dry basis 

3.2.4 Crude protein ana lysis 

Protein (N x 6.25) was determi ned by the Kj eldahl method (Method No 979 .09A) ((AOAC, 

2000). 
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A 0.5 gm of powdered sample was weighed on analytical balance and transferred to the digestion 

flask. Then 6 mL H2S04 and 3.5 mL of 30% H20 2 was added in to the digestio n fl ask step by 

step. The tubes were shaken observing a violent reaction . After thi s violent reaction disappeared 

3 gm of the cata lyst mixture (I :10 Cu: K2S04) was added in to the digesti on flask. The so lution 

was then digested at 370 CO for 4hrs. After digesti on was completed, the content in the flask was 

diluted by water and concentrated sodium hyd roxide (40 %) was added to neutrali ze the acid and 

to make the so lution s li ghtl y alkaline. 

The ammonia was then di still ed into a receiving flask that consisted so lution of excess boric acid 

(4%). The borate ion was formed as a resu lt of the reaction of the boric ac id and the ammonia 

and thi s was titrated with standard acid(O.1 N hydrochlori c acid) until the green co lor changes to 

pink. The total nitrogen content was calculated using the following formu lae; 

N itrogen (%) = (V HCI x NJ-[2S0 4 x 14.01) / M x 100 

VH2S04= Volume of [-[2S04 consumed until the end point of titration 

N 112S04= Normality Ofl-hS04 

14.0 I = Molecular we ight of nitrogen 

% Protein = 6.25 x N (%) 

M = Weight of sample on dry basis 
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3.2.5 Crude fiber analysis 

Crude fiber was determined using fibertec after digesting a known weight of sample in refluxing 

1.25% sulfuric acid and 1.25% sodium hydroxide (Method No 962.09) (AOAC, 2000). About 

one gram of sample is weighed in to a pre-dried crucible which contain one gram of celite sand 

for the purpose of simplifying filtration (WI)' Then the crucible with its content was placed in 

the fibertec and the sample was digested with 1.25% of sulphuric acid for 30 minutes and 

followed by digest ion with 1.25% of sodium hydroxide for 30 minutes. Afterward, the crucibles 

were take-off and dried in oven at 130 °C for 2 hI's. Then cooled in descicator and weighed as 

(W2). Finally the crucib les were placed in muffle-furnace and the sample was ashed at 525°C for 

3 Ill'S. Cooled to room temperature in des icator and weighed again as (WJ). The crude fiber 

content was calculated by using the fol lowing formula. 

WZ -W3 
Crude fiber (gil OOg) X 100, Where 

Wi 

WI; Weight of sample 

W2 ; Weight of crucible- residue 

W); Weight of crucible- ash 

3.2.6 Total carbohydrate determination 

The total and available carbohydrate content was determined by difference. Addition of the 

percentages of crude fat, crude protein and ash was subtracted from 100. 

Carbohydrate (gIlOOgm) ; (100- (Fat+ Ash+ Crude protein) in grams]. 

Available ca rbohydrate (gil OOgm) ; (100 - (Fat +Protein+ Ash+ Fiber) in grams]. 

The total energy content of each sample was estimated (in kcal/g) by multiplying the percentages 

of crude protein, crude fat and carbohydrate with the recommended facto rs. 

Total energy (in kcal/lOOg); (9 x crud fat + 4x crud protein + 4x util izable carbohydrate). 
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3.3 Ant-nutritional factors analysis 

3.3.1 Phytic acid 

The phytate content In the sample was determined according to the method described by 

(Adeni yi el al. 2009) . A 0.08 gm of dried sample was extracted with 10 mL 0.2 N HCI for I hI at 

ambient temperature and centrifuged (3000 rpm) for 30 minutes. The clear supernatant was used 

for the phytate estimation. 2 mL of Wade reagent (0.03% solut ion of FeC I J.61-1)0 containing 

0.3% su lfosalicyl ic acid in distilled water) was added to 3 of the sample solu tion and the mixture 

was centrifuged. The absorbance at 500 nm was measured llsing spectrophotometer. The phytate 

concentration was calculated from the difference between the absorbance of the contro l (3mL of 

0.2NHCI and 2 mL of Wade reagent) and that of the assayed sample. The concentration of 

phytate was calculated using phytic acid standard curve and the result s were expressed as of 

phytic acids in mg per 100gm dry weight. 

To prepare the phytic acid standard curve, a series of standard so lution was prepared containing 

4-45 mg! mL phyti c ac id in 0.2 N HCI. 3 mL of the standards was pipette in to 15mL centrifuge 

tubes with 3 mL of 0.2 N HCI as blank. To each tube ImL of the wade reagent was added and 

the so lution was mixed on a vortex mixer for 5 s. The mixture was centri fuged for I Ominutes and 

the supernatant read at 500 nm by usi ng water as a blank. 

. . .. [(Ab- As)-lnte''Cept]x 10 
Mathematical formu la; phytlc aCid In pg/g = ==--=-'-=-':"...:L.c.c..:. 

slope x W X 3 

Wher, As = sample Absorbance 

Ab = blank absorbance 

W = Weight of sample 

3.3.2 Tannin 

Tannin content was determined by the method described by Embaby (20 I 0). About I gm of the 

sample was di spersed in to 10 mL of I % of concentrated HCI in methanol so lution and put on 

mechanical shaker for 24 hrs at room temperature. 
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The extracts were centrifuged at 3,000xg for 20 mll1 and the supernatant was analyzed for 

tannins. In a test tube I mL of the supernatant mixed with 5 mL of Vanillin-HCI reagent was 

added . After 20 min the tannins content was measured at 500 nm aga inst experimental blank 

adjusted to zero absorbance. Tannic acid was used as a standard compound and the results were 

expressed as mg/g (dry matter) by the following formul a; 

T 
.. / (As-Ab)- Intercept 

anmn 1I1 mg g = 
Slope x d x W 

Where, As = sample Absorbance 

Ab = blank Absorbance 

D = Density of solution (0.79Ig/ml) 

W = Weight of' sample in gram 

3.3.3 Total Alka loid 

The alkaloid content was determined gravimetrically by the method of Haborne, (1973) as cited 

in (Adeniy, et al., 2009) . 5 g of each sample was weighed using weighing anal ytica l balance. 

Then the sample was dispersed into 50 mL of 10 % acetic ac id solution in ethanol. The mixture 

was we ll shaken and then allowed to stand fo r about 4 hrs before it was fi ltered. The filt rate was 

then evaporated to one quarter of its original volume on a hot plate. Concentrated ammonium 

hydroxide was added drop wise in order to precipitate the alkaloids. A pre- weighed filter paper 

was used to filter off the precipitate and the prec ipi tate was washed with I % ammonium 

hydroxide so lution followed by drying in an oven at 600c for 30 minutes. Then was transferred in 

to a des iccator to cool and then reweighed until a constant weight was obtained. The weight of 

the alkaloid was determined by weight difference of the fi lter paper and expressed as a 

percentage of the sample weight analyzed . The experiment was repeated three times for each 

sample type and the reading recorded as the average of the triplicates. 

3.4 Mineral 

Minerals analyzed in the present study were Zinc, Iron and Calcium. 

The mineral (Zn, Fe and Cal content of the samples were determined by the method described by 

(Dickman and Bray, 1940). The ash was di ssolved by 7 mL of 6 NHCI at low temperature on 

hotplate for about 2 h. 15MI of 3 NHCI was added and the crucibles were heated on the hot plate 
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until the solution just boiled . Then, 10 of 3 NHCI were added and heated on a hot plate until the 

solution boils. The digest was cooled and filtered through a fi lter paper (42 mm, Whatmann) in 

to a 50 mL volumetric flask. Then 5 mL 3 M HCI was added to the dishes and heated to dissolve 

the residue in the di shes and then transferred to the vo lumetric flask. Then the filter paper was 

washed thoroughl y and the washing was collected in the flask made to the mark. Afterwards the 

mineral concentration was determined by AAS. For ca lcium determination 5 mL of 10% 

Lanthanum chloride solution was added to the flask. Then diluted to 50 mL mark with distilled 

water. The blank was prepared by taking the same amount of reagents through the steps all of the 

above without the sample. The inst rument was se t ancl optimized based on the inst ruct ion given 

in the manual. The calibrat ion so lutions and the reagent blank soluti ons were measured first. 

Then the samples were run following the calibration values. The calibration curve was prepared 

fo r the required metal by plotting the absorption va lues against the metal concentration in ppm. 

The mineral content of each sample was calculated using given formula (Carvalho 2005). 

(a-b) x V 
Metal content (mgll OOgm) = 10 x W , Where 

W = weight in gm of the sampl e 

a= concentration in ppm of sample so lution 

v = volume in mL of the ex tract 

b= concentration in ppm of blank so lut ion 

3.4 Functional properties of the lupin flours 

3.4.1 W ate r ancl oil absorption capacity 

The centrifugal Beuchat method was employed to determine the water and oil absorption 

capacity of the lupin flour. Precisely weighed I g of the sample was mixed with 10 ml di still ed 

water and or oil for 30 seconds in a mixer. The samples were then allowed to stand at room 

temperature for 30 min, and were centrifuged at 5000 x g for 30min . The volume of the 

supernatant was noted in a 10mi graduated cylinder. Density of water was assumed to be I g/ml 

and that of the oi l is 0.98 g/ml. The results were expressed on a dry weight basis. 

3.4.2 Bulk density and dispcrsibility of flours 

Bulk density of flour was determined according to the method descri bed by Narayana and 

Naras inga (1984) . An empty calibrated tu be was weighed and filled with a sample to 5 ml by 
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constant tapping until there was no further change in volume. Bulk density was calculated as the 

mean of the triplicate determinat ion of the weight determined by diffe rence per unit volume of 

the sample. Dispersib il ity of lupin flou r in water was also determined using the described by 

Kulkarni el al. (199 1). Accurately weighed 10 g of each flour sample was placed in a 100 ml 

measuring cyli nder followed by addition of distill ed water up to the 100 ml mark. The sample 

was vigorously stirred, mixed and next allowed to sett le fo r 3 h. The volume of the sett led 

particles was reco rded and subtracted from 100 to give a difference which is considered as 

percentage di spersibi lty. 

3.4.3 Foaming capacity 

The capacity and stabili ty of foam were determined fo llowing method described by Lin el al. 

(1974). Exact ly 50 ml of3% (w/v) dispersion of material in dist illed water was homogenized for 

5 min at speed of 1600 rpm. The mixture was immediately transferred into a 250 ml graduated 

cyli nder and the foam volume was measured. The foaming capacity was expressed as the 

percentage vo lume increase (v/v, %). 

3.4.4 Emulsion activity 

The emul sion acti vity and stab ility were both determ ined uSing the methods described by 

Yasumatsu el ai. (1972). The emulsion (2 g sample, 20 ml disti ll ed water and 20 ml soybean oil ) 

was prepared in a calibrated centrifuge tube. The emulsion was centrifuged at 2000 x g for 10 

min . The emulsion activ ity (%), were calcul ated as the ratio of the height of the emulsion la ye r to 

the total height of the mixture. 

3.5 Bread making procedures 

Five bread samples were prepared by using lupin to wheat fl our in the proportions 5%, 10%, and 

15% for the new variety and 10% for the local lupin variet y. Additional 5, 10 and 15% were used 

for the new variety to evaluate if there was difference in terms of their sensory attribute. But th is 

was not the case in the local variety since it has been evaluated fo r its 5, 10, and 15 and 20% and 

10 per cent was recommended as appropriate proport ion for lupin-wheat bl end to make bread 

(Alemayehu, 2011 ). Wheat flour ( I 00%) was used as control. The wheat fl our was obtained from 

Misrak Flour and Bread Factory. The level of lupin fl ours (10%) used was based on the 
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recommended level for the local lupin variety to rep lace wheat flour for bread making 

(Alemayehu, 2011). The blends were homogenized with a mixer robot (model R6YY, Robot­

Coupe) for 3 min. 

In bread making process, each blend was kept in different containers. 1.6% salt and 2.4% yeast 

were added to each lupin-wheat blends and homogenized well. In the mixing steps, flour, water, 

salt and leaven ing were first mixed together and water was added graduall y to the appropriate 

amount. Then, kneading (gluten formation) begins. The resulting dough was allowed to rest for 

10 minutes in a cab inet at room temperature. The dough were moulded and put in to baking tins 

and proofed at 30 DC for another 10 minutes. T he loaves were baked at 200±SoC in an electric 

oven for 20 minutes and then coo led at room temperature and then served for sensory ana lyses. 

3.6 Sensory evaluation 

The bread samples were evaluated by randomly selected untrained 13 consumer panel ists who 

are familiar to the product for their sensory attributes (appearance, color, odor, taste and overall 

acceptance) . The panelists were in good health and familiar with the color, taste, odor and other 

attributes of the product. The panelists were well instructed about the aim of the test. The breads 

were prepared and served in coded plastic sensory evaluation plates. Each panelist was presented 

with a glass of water after each testing session to rinse their mouths so as to prevent carryover 

effect. The assessment was conducted in a well lit room designed for sensory evaluation. 

The sensory quality characteristics of breads (appearance, color, odor, taste, texture and overall 

acceptability were eva luated on a 1-9 scale where I represented "dislike extremely", S "neither 

like nor dislike" and 9 represented " like extremely". 

3.7 Statistical analyses 

The nutritional and anti nutritional fac tors results were stat istically analyzed. The data was 

analyzed using SPSS version 15.0 and completely randomized design (CRD) was used. The 

mean and standard deviations of the triplicate analyses of the samples was calculated. One-way 

analysis of vari ance (ANOYA) was performed to determine significant differences between the 

means of proximate composition, minerals and antinutri tiona l factors ; while the means were 
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separated using the Tukey multiple range test judged significantly different at 95% confidence 

level (p<O.05). 
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4. RESULTS AND DlSClJSSION 

4.1 Proximate Composition 

The chemical and nutritional composition of both raw and processed new and local lupin 

varieties is shown in Table I. 

Both of the traditional processing methods used in the current study (i .e. soaking after roasting, 

soaking after boiling) had significant effect on the nutritional composition and ant-nutritional 

factors. 

4.1.1 Crude protein 

The protein contents of the raw seed from both varieties are comparable with soybean. Their 

protein compositi ons were 25.54g/ 1 OOg and 35.17g/l OOg fo r new and local samples respectively. 

There was a significant difference in protein content between the two cultivars (P< 0.05). The 

protein content of the new lupin cultivar was lower than that of local cultivar. Mostafa and 

Haiam (2013) have reported the protein content of the same variety narrow- leafed lupin (Lupin us 

angllslifolills) was 29.1 % which is slightly higher than the result of current study. However, in 

another investigation, Hill (1977) as reported by Batterham and Egan reported that the protein 

content of Lupinus angllslijolius and Lupinus a/blls to be in the ranges of25-35 and 35-45g/l00g 

of dry mater. The results of the two lupins in the present study were in agreement with the 

reported protein values. 

The variation in protein content could be due to growlllg co ndition, so il type and genetic 

makeup. The prote in content of the raw local lupin cultivar was sl ightly higher than the va lue 

reported by Jimenez Martinez, el ai. , (2003) which was 34.4g/ l OOg, highly comparative to the 

result reported by Hill (1977) as reported by Batterham and Egan (35-45g1100g) and Petterson 

(1999) (35.76gIl00g). However, it is slightly lower than protein content reported by Mostafa and 

Haiam (2013) (38. 1 Ogl l OOg). But these va lues were higher than protein content of the new 

variety. Simi larly, Pette rson (1999) has reported the protein content of the raw Lupinus 

angllslijolius to be 44 .1 gi l OOg where as that of Lupinus a/blls was 38.1 Og/l OOg. 
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Table 4./: Prox imate composition (g! I ~Og) of both processed and unprocessed new and loca l lupin vari eties. 

Proximate composition Sample 

RNLV BSNI_V RSNLV BSNLV2 RSNLV2 RLLV BSLLV RSLLV 

Moisture 7.76"!:!J.26' 6.20± 0.33" 6.02±OAI b 5AS± 1.4 1' 4.S4±O.S9' 6.59±0.22b 5.5S± 0.1 b 6.52±0.S9b 

Total ash 2.92±0.5' 1.69± 1.3 I' I. 94± 1.04b' 1.37±0.21' IAI±O.O ld 2.7S± 0.5S' 1.56± 0.95' 2.17± 0.83' 

Crude protein 2S.55±0.25" 29.4± O.ISb 27.4S±0.35' 3 I. 15±O.62d 30.S±O.89d 35.17±OAr 41.13± 0.80' 36.63± 4.0 I rg 

Crude fat 6.42± 0.90' 9. 19± 1.54b 5.99±2.26'b I 0.57± 1.4' 8.87±0.69' 6.S9±1.00' 11.97±OAS' 9.0 1± 0.S3' 

Crude fiber 17.S9± OA3" 17.67± 4.42' 16. 72±4.1 0' 15.47±0.71" 16.66±0.24' 14.79± 0.03'b 15A± S.O'b 15.39±3.24' 

Total carbohydrate 65.12± 2.27' 59.72± 1.59b 64 .63± 2.59' 67 .91 ± 1.21 ' 67. 72± 1.03,b 55.54± I. IS' 45.39±0.87d 52.24±3.94' 

A vai lab le carbohydrate 50.33±0.61" 39.05± 1.59b 47.91 ±2.S9"' 54.44±0.67d 54.72± 1.45' 41.02± 0.67b 29.99± 0.87' 36.SS±3.94b 

Gross energy (in Kcal) 361.74±7.28' 356.5± 7.62' 355.4 I ± I 1.24b 369.56±2.05" 372.7 1 ± 1.25' 362.52± 6.36' 392.22± 1.62' 375.02±2.38' 

Means in the same raw wit h different letters are sign ificantly d ifferent (P <O.OS). 

Sample types 

RNL V = Raw New Lupin Variety 

BSNLV=Boikd and Soaked (24 hr) New Lupin Variety 

RSNLV=Roastcd and Soaked (24hr) New Lupin Variety 

BSNL V2 = Boi led and Soaked ( 144hr) New Lupin Variety 

RSNLV2 =Roasted and Soaked New Lupin Variety 

RLLV =Raw Local Lup in Variety 

BSLL V =Boiled and Soaked Local Lupin Variety 

RSLL V =Roasted and Soaked Local Lup in Variety 
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The protein content of raw Lupinus alb us was fou nd to be 32.80g/l OOg on Food Composition 

Table for use in Ethiopia (EHNRI, 1997) which is slightl y lower than the resu lt of the current 

study for the same species. 

The traditional processi ng methods used in the current study generall y had a significant effect on 

the proximate composition on both sample types (P< O.OS). In fact both the treatments ha ve 

shown an increment in the prote in content of the raw seed. Accordingly, BSNL V2, RSNL V2, 

BSLL V and RSLL V have shown a percentage increment of 17.97%, 17.0S%, 14.49%, and 

3.40%, respective ly. The hi ghest prote in content was obtained when the raw lupin was boi led 

then soaked for six days in water for the two cu lti vars. Thi s could be the rel at ively hi gher loss of 

so luble component in boiling and soaking than roasting and soaking. 

When we compare the effect of the same treatments on the two samples, protein content is 

s ignificantly different (P<O.OS) in each treatment with various increments. Consequentl y, 

BSNLV2 showed higher protein increment than BSLLV. Similarly, in treatment RSNLV2 there 

was higher protein increment than RSLLV . These observed differences in protein contents 

between the same treatments of the two samples were may be due to the signifi cant diffe rence in 

protein content of the respecti ve raw seeds. 

The increase in the protein con tent of processed seed fl ours compared to the protein content in 

the raw lupin flou r could be increased rate of protein releasing during soaking after roasting and/ 

boiling. It alsomay be a result , at least in part, of the loss or removal of non protein nitrogenous 

compounds such as alkaloid during the boiling or roasting and then soaking process. The 

increase in protein content in the present stud y was higher than that found by Dagnia el af. 

(1992) who reported that boi ling, then soaking for 24 hours of L. angusli/olius increased the 

protein content by about 10% . The increase in protein content after soaking was al so found in 

other legumes such as soybean (Mostafa and Rahma 1997), mungbean (M ubarak 2005), 

fenugreek (El-Mahd y and El-Seba iy, 1982) and dry bean, lentil s, faba beans (Hsu el al. , 1980). 

This could be due to the loss of water so luble nutrients, the synthes is of enzyme prote ins. 

The treatments BSNLV and RSN LV increased the protein content by 13. 11 and 7.S8% 

respecti ve ly which is lower whe n compared to the treatments BSNLV2 and RSN L V2. 
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4.1.2 Crude fat 

Another major chemical component of lupin is crude fa t, wh ich is a source of nutriti onal 

components and bioacti ve compounds such as mono- and polyunsaturated fally acids, 

tocopherols and phytostero ls. 

The fat contents of the raw lupin seeds of the new and local varieties were 6.42 gil OOg and 

6.S4g/ 100g respectively as shown in the Table 1. The fat contents between the two raw samples 

were not s ignificantly different from each other (P> O.OS). The fat content of the new vari ety in 

thi s study is in agreement to the result of fat content reported by Rum iya ti el al., (20 12) for the 

same variety, (6.4 gil OO g). However, the va lue in the current stud y for fat content for the same 

variety was slight ly hi gher than fat content reported by petterson (1999), (S .9gIl00g) and it was 

lower than the va lue stated by Abreu el 01., (1998) (7.2gll OOg). S imi la rl y, the va lue for fat 

content of the loca l lupin vari ety (Lupin1ls albu) was lower than the value repo rted by Petterson 

(1999) and Mostafa and Haiam (20 13) which were 9.49.g/I00g) and 9.94g/100g respect ively, 

and the va lue reported by Brand el al., (2004), (9.32gIl00g). Sim ilarly, Ahmend (20 14) reported 

the fat content of Lllpil1l1s albus to be 9.94gll OOg which was hi gher than the result o f fat content 

in the present stud y. The oil content of raw Lupin samples was higher tha n bean flour, but less 

than that of soy flour. 

When we compare effect of process ing methods used, both treatments have s igni fica nt effect on 

the fat content of the raw seed. The observed effects were increasing. Treatments li ke BSN L V2, 

RSNLV2, BSLL V and RSLLV have an increment effect by 39 .26%, 27 .62%, 4S.36% and 

27.41 % respective ly. The maximum fat content was observed on boiling followed by soaking the 

raw seed for loca l lupin var iety sample. The possible explanation for fat content increment cou ld 

be inacti vation of lipo lytic activity enzyme. 

Lupin oi ls are characterized by a ba lanced fatty acid composition with total saturated fatty acids 

of about 10 % and tota l unsaturated fatty acids around 90 % (Bhardwaj el al. , 1998; Petterson, 

2000). Th is can be attributed to high lipolytic act ivity which, break down the trigl yceride to 

simple fatty acids sterol and po lar lipids (Osman, 2007). 

When we compare the e ffect of the same treatment on each sample, there was a signi ficant 

difference (p<O.OS) in the ir fat content increment. Consequentl y, BSNL V2 showed lower fat 
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increment (39.26%) than BSLLV (45.36%) . In contrast, treatment RSNLV2 resulted in hi gher 

(27.62%) increment in fat content when compared to RSLL V (27.41 %). Treatments BSNL V and 

RSNL V increased the fat content by 30.14%and .70% respecti ve ly, and which compared to the 

treatments BSNL V2 and RSN L V2, they had lower increment in fat content. 

4.1.3 Crude fiber' 

Lupin contains a high content of dietary fiber and this plays an important role in its 

hypocholesterolemic properties. The new and local lupin samples in the current study had crude 

fiber contents of 14.89 gil OOg and 14. 79g11 OOg respecti vely. There was no signi ficant di fference 

between the two samples considering their fiber content (P> 0.05) in the current study. 

The crude fiber content of the new variety in this study was highly comparable wi th the result 

reported Mostafa and Haiam (2013) (14.4 gl IOOg) and it was slightly higher than the value 

reported by Batterham and Egan (1987), (i.e. 13 .00gl1 OOg) for the same variety (Lupinus 

angusti/olius). 

Petterson e/ ai., (1997) similarly has reported the fiber content of raw Lupinus a/bus seed fl our to 

be 4.5gl1 OOg, which was less than from results in current study. BSLL V and BSN L V have 

higher fiber contents from raw bean and soybean flou r, whose va lues are reportcd to be 

S.9g1100g and 9.6g1100g respectively. In another study, the reported crude fiber content of raw 

Lupinus a/bus was 12.7g1l00g (Davi la-Ortiz el 01., 2002). This va lue was slightly lower than the 

results of the current study. 

On Ethiopian Food Composition Table (EHNRI, 1997) the reported fiber content of the raw 

Lupinus a/bus seed grown locall y was 12.9g1 100g. Thi s value is sli ght ly lower than the value 

obtained in the current study. 

Both the treatments applied in the current study have significant effect on the crude fiber content 

of the raw samples (P< 0.05 ) with increasing effects in both cases. Treatments BSNL V2 and 

RSNLV2 had increased the fiber content by 3.75% and 7.11% respecti ve ly. But the same 

treatment (BSLL V and RSLLV) had increased the fiber content of local lupin variety by 3.96% 

and 3.90% respecti ve ly. 
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In another study, it has been shown that there was an increment of crude fiber content after the 

raw lupins (Lupnus afbus) seed was soaked in 0.5% NaHC03 so lution for 8 hI's (EI-Adawy, el 

al., 2000) as repo rted by Paulos (2009). This could be due to modification of seed components 

on soaking. Fibers have many desirable properties, including wh ite color, high water-hold ing 

capacity and beneficial e ffects on human hea lth. Therefore, lupin flour can be incorporated in to a 

wide range of foods to make dietary fiber rich products. On the other hand , the treatments 

BSNLV and RSNLV increased the fiber content of the flour sample by 15 .73 and 10 .95% 

respectively which was higher than the value observed in the treatments above. The possible 

reason for thi s might be losses of some husks with soaking process . 

Comparing the effect of each treatment on crude fiber content the two samples, BSNL V2 

showed lower (3.75%) increment than BSLLV (3.96%). In contrust, treatment RSNLV2 resulted 

in higher increment in fiber content when compared to RSLL V whose val ues respectively we re 

7. 11 % and 3.90%. 

4.1.4 Crude ash 

The total ash, which is an indirect indicator of the mineral content of food stuffs, was found to be 

2.92 g/lOOg for the new and 2.75 g/lOOg for the local lupin variet ies. There was no a significan t 

difference (p>0.05) between the two lupin varieties in their crude ash content. New lupin variety 

has higher crude ash content than the local lupin variety. The ash level of lupins was somewhat 

variable and has been reported to be dependent on the soi l type where the plant was grown. 

The result of ash content in the current study was slightly higher than resu lts repo rted in pulse 

Austral ia (2006) (2.00giI00g) for the new variety (Lupin us anguslifolius). But, it is lower than 

the va lue reported by Mohamed and Rayas-Duarte, ( 1995). Similarly, the ash content of the 

local variety in the current stud y was lower than the result stated by Pon·cs el af., (2007) 

(3.52gl1 OOg). Conversely, its content in the cu rrent study was lower than the va lue reported by 

(Mohamed and Rayas-Duarte, 1995; Ahmed 2014). 

However, the ash content of the local lupin (LI/pinus afbus) in thi s stud y was highl y comparable 

with the result reported by Batterham and Egan (1987), (i.e. 2.8mg/l OOg). The va riation in ash 

content may be due to growing environment, soi l type and pH of the growing soil. On Food 

Composition Table fo r use in Ethiopia (EHNRI, 1997) ash content of raw LI/pinus afbus was 
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reported to be 2.5g/l00g. Comparing with this result, the new variety in the current study had 

higher (2.92g/1 OOg) total ash content. 

When we compare the effec ts of both trad itional process ing methods applied in thi s study, there 

was a significant difference on the raw and processed lupin seeds in terms of thei r total ash 

content. For the new lupin cu ltivar, the ash content decreased from the raw sample by 53.08 and 

51.7 1 % on treatments BSNLV2 and RSNLV2 respecti ve ly. The reason may be leaching ou t of 

minerals during soak ing. Similarly, for the loca l lupin cult ivar, treatments BSLLV and RS LL V 

showed a significant reduction in crude ash content by 43 .27 and 21.09% respectively. 

Reduction in the ash con tent from the raw seed was also invest igated by Si leshi , (1985) as 

reported by Paulos (2009) on treatments roasting and water soaking, roast ing and de-corticating 

and germinating Lupinus a/bus seed. The respective decrements for the mentioned treatments 

were by 22.15%, 3 1.69% and 0.92%. The explanation for these observed reductions was given 

by Arslan and Esker, (2002) who has reported the decli ne of ash content can be related to 

washing and fi ltration of lupin seeds during process ing. Thus, sand , stone and soil li ke 

substances were separated from the seed. 

Treatments BSNL V2, BSLL V and RSNLV2 and RSLL V affected ash conten t different ly. 

Accordingly, BSNL V2 decreased total ash content by 53.08% which was lower when compared 

to decrease in ash conten t on treatment BSLLV on the other vari ety (43.27%). In the same way, 

treatment RSNLV2 showed lower (5 1.71 %) total ash decrement than RSLL V (2 1.09%). 

On the other hand , the treatments BSNL V and RSNKV reduced the ash content by 42.12 and 

33.56% respective ly which were lower when compared to decrease in total ash contents on 

treatments BSNL V2 and RSNL V2 respecti ve ly. The difference in total ash content between the 

same treatments with d iffe rent soak ing time could be more leaching out of so lid matter during 

soaking process with increased soaking time. Erbas (20 I 0) reported reduction in ash conten t 

lupin seeds during soaking as a result of the decrease in crude fiber content and the removal of 

minerals by the soaking process. 
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4.1.5 Total and available cal'bohydr'atc 

The tota l carbohydrates content of raw lupin seeds used in this study were 65.12 and 

55.54g1100g for the new and local lupins respective ly as shown in table I above. There was a 

significant difference (p<0.05) between the two varieties in terms of their total carbohydrate 

contents. Accord ingly, tota l carbohydrate of the new variety (65. 12g/ 100g) was higher when 

compared to the local variety (55.54g/l OOg). 

Mohamed and Rayas-Duarte (1995) has reported total carbohydrate contents of Lupinus 

angustifolius and Lupinus a/bus to be 46.0 and 48.0% respectively. The results of total 

carbohydrate contents in the current study for each variety were slightly higher than the reported 

values. The possible reason could difference between two lupin variet ies in their crude protein, 

crude fat and ash content of which total and available carbohydrates calculated by difference 

methods. Available carbohydrate which is a portion of carbohydrate that can be digested by 

human enzymes, is absorbed and enters into intermed iary metabolisll1 is calculatcd by difference 

method. The raw samples of new and local lupin varieties have utilizable carbohydrate contents 

of 41.02 and 50.33g/l OOg respectivel y. There was a significant difference (p<0.05) between the 

two cultivars in terms of their available carbohydrate content. The available carbohydrate content 

of the new lupin vari ety (Lupinus angustifolius) was lower than the availab le carbohydrate 

content of the local lupin variety (Lupin us a/bw). The value of available carbohyd rate for the 

new variety was slightly lower than the result reported by Rayas-Duarte (1995» (i.e. 48g/l OOg). 

But, the result of the loca l cultivar was higher than the stated avai lable carbohydrate content by 

the same reporter. 

Treatments used in thi s study have a significant effect on the Utili zable carbohydrate content of 

the new variety. But the effects of both the two treatments were reduction in the carbohydrate 

content. 

Treatments BSNL V2 and RSNLV2 have reduced the utili zable carbohydrate by 22.45 and 4.89% 

respectively. Simi lar treatments on the local lupin sample reduced the utilizable carbohydrate 

content signi ficantly (P< 0.05). Total carbohydrate content in the samples BSN L V2, RSNLV2, 

BSLL V and RSLL V were reduced significantly by 8.32%, 0.82%, 18.26% and 5.96% 

respectively. Highest reduction was in the BSLL V and RSNLV2 showed the lowest reduction. 
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Simi larly, Jimenez-Martinez, ef ai" (2003) as reported by Paulos (2009) has reported that 

boiling for 60 minute red uced total carbohydrate content in beans by 20-45%, In the same study, 

it has been reported an increment trend in carbohydrate contents after boiling for 15 minutes in 

the case of red gram, chickpea, black gram and green gram, In another report Jimenez-MaJ1inez, 

el ai" (2003) a reduction of 26% in utili zable carbohydrate contents present in soybeans using 

acid treatment and boiling temperature of 100°C for 5 minutes was observed, In the same paper it 

was reported that elimination of 70% of carbohydrates in different legumes by soaking for 6 hI's 

and bo ili ng in NaHC03 solution for 45 minutes , When we compare the carbohydrate content of 

the processed samples (i,e, soaked in 0,5% NaHC03• for 8 Ill's), the trend was a decreas ing from 

38% to 32,6%, The reason behind these observed red uctions could be the leaching out o f the 

various components of ca rbohydrates (i,e , starch and oligosaccharides) , 

The total energy in (KCal) is estimated using the equation:-

Total energy (KCal) = (9 x Fat) + (4 x carbohydrate) + (4x protein) 

The two raw varieties have total energy content of 361.74 KCal1l OOgm and 362,52 KCal1l OOgm 

for the new and local varieties respective ly, There was no a significant difference (p>0,05) 

between the two lupin vari eties in terms of their total gross energy, These va lues are lower than 

the value reported by POI'I'es el ai" (2007) (50 1.9kcall l OOg), Both the treatments had significant 

effect on the total energy contents of the raw samples, But the effects were increas ing in the loca l 

variety and decreas ing one in the new variety, Treatments BSNLV2 and RSNLV2 have 

decreased the total energy content by 1.49% and 1, 78% respect ive ly, S imilarly, the same 

treatments have increased the total gross energy by 8,21 % and 4,05% for the local lupin vari ety, 

4.2 Ant-nutritional factors 

4.2.1 Phytic ac id 

The new and local lup in cultivars have phytic acid contents of 434 ,88mgll OOg and 

402,95mgl100g respecti vely, There was no signifi cant difference in the phytic acid content 

between the two cultivars (P> 0,05), Accord ingly, the new lupin variety has higher phytic acid 

content (434,88 mgll OOg) than the local lupin variety, 
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The phytic'acid content of the two cultivars in this study was higher than the value reported by 

petterson ( 1997). But, Trugo, el 01., (1993) has reported the phytate content ranging from 400 to 

1200mgl l OOg dry matter fo r the same vari et ies between which the result of phytate content in the 

current study fa il s. In another invest igat ion, Erta~ and Bi lgiyli (20 12) have reported the phyt ic 

acid content of the raw LI/pinus albus (the local lup in variety) in th is case to be I 486.8mg/J OOg. 

The result of phyti c acid content in our current study was much less than th is reported value. 

Phytic acid form s an insoluble compound with minerals, especially with zinc. Both the 

treatments applied on the raw seed affected the phyt ic acid content sign ificantly. 

Yorgancdar and Bilgiy li (20 10) reported PA loss (18.8 %) during bulgur process which contains 

cooking and dehu lling of lupin seeds, 

The reduction of phytic acid by treatments was BSNLV2 and RSNLV2 were by 4 1.71 and 

40.34% respec ti vely. The highest reduction was observed through bo iling then soaking 

treatments which could be due to activation of phytase enzyme. Thi s enzyme can help the 

breakdown of the phytate molecules. The increment in phytase act ivity in the range of 800-

2000% has been reported for several va ri eti es of legumes during the fi rst fi ve days of 

germination. As the number of germination days increased, the higher will be the reduct ion 

in phytate content. 

Likewise, for the local lupin sample the observed reductions were (19.21 %) and (35.73%) for the 

treatments BSLL V and RSLL V. These PA losses are compatible with previous studi es on mung 

bean (soaking, 26,7 %) (Mubarak 2005), breadnut, cashew nut and fluted pumpkin seeds 

(boiling, 32.1 -64.8 %) (Fagbemi el 01. , 2005 ). 

In another investigation, soaking process has reduced the anti-nutritiona l factors in soybean, bean 

and lupine flours cooking (Manez el 01., 2002). When a high phytic acid pigeon pea was released 

by the Department of Plant Breeding in India, they tested it fo r different methods of reducing 

phytic acid, They found that germination (sprouting) was the best method of reducing phytic acid 

(35% to 39%), whi le dehulling, soaking and then pressure cooking also had good resul ts. All in 

all , soaking, soak ing and dehulling, and sprout ing and cooking pigeon peas al l were effecti ve in 

decreasi ng phytic ac id and increas ing the avai lab ility of minerals such as calcium, phosphorus 

and iron (Duhan el 01. , 2002). Accordingl y, the decrease of these an ti-nutritional factors from 
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legume seeds may be due to internal process of leaching and activation of phytase enzyme. The 

removal of phytate depends on the nature of phytin (i.e. it may be in the form of K, ea or Mg 

salts), and the phytase activity and diffusion. 

Another study found that soaking cowpeas for 12 hours, dehulling of soaked seeds and 

germinating cowpeas contributed significant ly to reducing phytic ac id and tannin levels (Preet 

and Punia 2000). 

Similarly in another investigation, Preet and Punia 2000) has reported soaking Mung Bean 

(Phaseolus (/ureus L) for 12 hI's reduced the phytic acid content by 13- 41% while soaki ng for 12 

hI's followed by germination for 48 hrs reduced 60-73% of phytic acid. These signi ficant 

(p<0.05) decreases of phytic acid during soaki ng treatment might be leaching out of phytic ac id 

into the soak ing or cooking medium due to increased permeability of the seed coat in soak ing 

water. 

4.2.2 Total all<aloid 

The seed alkaloid concentration of the raw samples was 1.52 and 3. 12gll OOg for the new and 

local samples respectively. There was a significant difference in tota l alkaloid content of the two 

raw samples in the current study. Accordingly, the local variety showed higher total alkaloid 

contents. 

The values of total alkaloid content of the lupin seeds used in this study were higher than the 

result of total alkaloid content reported by Butler el ai, (1996) and Robbins el ai, (1996) whose 

reported values were 0.0 15g11 OOg and 0.0 13g/1 OOg respectively for the same varieties. However, 

these values are below the current maximum permitted concentration (MPC) of 0.02gll OOg. But, 

the total alkaloid content of Lupinus anguslifolius ( I. 92gll OOg) was slightly higher than the 

resu lt reported by Gise la el al., (2012) for the same variety, (i.e . I. I 2 gil OOg). In another 

investigation Mostafa and Elkatry (2013) reported the total alka loid concentration of the same 

species to be 1.47gIl00g, and on the other hand Muzquiz el al., (1994) reported the value to be 

1.91 g1100g. 

The quinolizidine alkaloids are likely to be found in any derivative of the seed, including: flour, 

meal, pastas and pastries, dairy product substitutes, and coffee subst itutes based on lupin seeds 
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(Lowen el of., 1995). Alkaloid concentration in lupines depends on many factors - plant va ri ety, 

age (developmental stage), environment and geographical location. The seed alkaloid content of 

lupins (Lupinus anguslijo!ills) is influenced by different environmental factors such as fe rt ili zers 

(Gremigni e l 01., 2003), ambient temperature during initiation of flowering up to pod ripening 

(Wink et aI. , 1995), and drought stress (Christiansen el 01., 1997) and pH level of growing so il. 

Jansen el 01., (2009) reported that the grain yield at pH = 7. 2 is lower than at pH = 5.8. On the 

other hand the alka loid content of Lupinus anguslifo!ius decreases significantly at a higher pH. 

Both the treatments on the raw Lupin seeds of the new and local varieti es have a significant 

effect on the total alkaloid content. BSNL V2 and RSNLV2, BSLL V and RSLL V for the new and 

local variety respectively reduced alkaloid by 80.26% and 77.63%, 44.55% and 52.56%. The 

highest reduction was observed by soaking after boi ling in the new variety and soak after 

roast ing in the case of local lupin va ri ety. Decrease in total alkaloid contents du ring soaking is 

due to removal of alkalo ids with soaking water. Since alka loids are wate r so luble, soaking in 

water can easi ly remove them frolll the whole seed. However; this depends on the type of 

soaking solution and permeability of the ce ll wall of the hull. 

Oladele el of., (2009) has reported reduction in alkaloid contents of tigernut (Cype/'us esculenlus 

L.). Accordingly, soaking reduced the alkalo id content by 3-13% tannin by 15-6 I %, polyphenol 

by 15-48%, phytate by 27-44%, and oxalate by 37-58% while toasting red uced tannin by 36-

71 %, polyphenol by 25-65%, phytate by 22-40%, oxalate by 57-77% and alkaloid by 13-27%. 
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Table 4.2: Ant-nu tritional factors of both processed and raw lupin cultivars 

Sample Parameter 

Phytic acid(mgll OOg) Tannin(mgll OOg) Alkaloid(gll OOg) 

RNLV 434.SS± 23.97" 0.20 ± 0. 10" 1.52 ±OOS" 

BSNLV 309.04± 7.47b 0.09 ± 0.04" 0.57 ±0.04b 

RSNLV 304.S3± 22.39c BDL ± O.OOb 0.37 ±O. ISb 

BSNLV2 253.49 ± 3.S5c 0.16 ± O.OO"C 0.30 ±0.03b 

RSNLV2 259.44 ± 11.94c 0.13 ± 0.02"e 0.34 ±0.06b 

RLLV 402.95 ±3S.84" 0.3 ± 0.02"f 3.12 ±0.02c 

BSLLV 325.55 ± 21.6Sc 0.19 ± 0.05"g 1.73 ±O.I Od 

RSLLV 25S .99 ±20.90d 0.13 ± O.OOe 1.48 ±O.ll c 

Means in the same column with different letters are significantly different (p<0.05) 

4.2.3 Condensed tannin 

The tannin contents of the two cui ti val's are presented in table 3. The tamlin content of the new 

and local lupin cult ivaI's were 0.20 and O.3lmg!IOOg, respectively. There was a signi ficant 

difference between the two lupin cultivars in terms of their tannin content. Accordingly, the 

tannin content of the new lupin cultivar (0.02mgll OOg) was lower than the tannin content of the 

local lupin cultivar (0.3 I mgll OOg). The tannin levels in both processed anci unprocessed lupin 

variet ies are very low. This is in agreement with statement reported by Petterson (1993). 

Accorci ingly, the tannin content of lupins is so low (0 0.01 %) that it is unlikely to impair protein 

utilization by humans and animals. 

Comparing to other legumes such as soya beans in terms of their tannin content, Lupns in 

general contain a lower concentration of tannins and saponins, lectns (Petterson el aI., 1997) 

than soybean and need no heat treatment to deactivate substances such as the lectins and protease 

inhibitors that reduce protein digestion and availability (Wolko et ai., 20 II). 

Treatments BSNL V2 and RSNL V2 used in this study reduced the tamlin content by 20.0% and 

35% respectively. Similarly , the same treatments reduced tannin content of the local lupin 
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variety (Lupinus anlbus) by 7.23 and 14.1 6% respectively fo r BSLL V and RSLL V treatments 

which are lower when compared to percentage of reduction by the treatments BSNL V2 and 

RSNLV2. 

EI-Hady and Habiba (2003) reported that total tannin contents were reduced significantl y by a 16 

hour soaking of kidney beans. The reduction was as much as 17%. Boateng el al. (2008) also 

observed as slight decrease in total tannin content levels in soaked kidney and pinto beans. The 

same author also reported the combination of soaking followed by ex trusion reduced tann in 

content of the raw kidney bean flollr by 23%. [n another investigat ion, soaking soyabean seeds in 

di stilled water caused a maximum reduction in the phytic ac id , where as soak ing in Na HCO) 

tannins and phenolics by significant levels (78% and 72%) respectively. This red uc tion in tannin 

content is attributed to the tarU1in acti vity during soaking (Mubarak 2005) that leads to the 

formation of hydrophobic assoc iation of tannins with seed prote ins and enzymes. Some losses of 

tannins during soaking may be due to leaching of tannins in to soaking water. Reddy el a/. , 

(1955) found that overni ght soaking of garins followed by ge rmination for two days significantl y 

reduced tarU1in content by 50% in wide variety of legumes. Treatments BSNLV and RSNL V 

reduced the tannin content by 34.67 and 30.29% respect ively. 

4,3 Mineral analyses 

The results of mineral analyses (calcium (Ca), Zinc (Zn), and [ron (Fe)) of the new and loca l 
lupin vari eti es are presented on Table 3 below. 
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Table 4. 3: Mineral (Zn, Fe and Ca) composition of both processed and raw new and local lupin 
varieti es. 

Samples Mineral composition (mgl l OOg) 

Zn Fe Ca 

RNLV 2.74± 0.29" 2.48± 0.24" 112 62± 6.83" 

BSNLV 1.79± 0.04b 1.54± 0.79h 10J.3± 2.031> 

RSNLV 1.9 1± 0.65b 2.43± 1.0 I b I 00.57± 0.32b 

BSLV2 1.65± 0.43 cb 2.41± 0.60b 97.80± 3.05b 

RSLV2 1.84± 0.25db 2.30± 0. 12b 90.32± 0.55c 

RLLV 3.46±-0.14c 2.94+ 0.24hc 44.00± 1.93<1 

BSLLV 3.21± J.3l f 1.98± 1.03bd 38.20± 0.97' 

RSLL 2.97± 1.06f 2.31 ± 0.36bc 35.71± 2.02' 

Means in the same column with different letters are significantly different (p<0.05) 

4.3.1 Zinc 

The zinc content of the two cultivars was 2. 74mg/l OOgnl and 3.461l1gl1 OOgm for the new and 

local variety respectively. 

There was a significant difference between the two samples in their zinc content. 

Porres el al. (2007) reported that raw Llfpinus anguslifolius flour has zinc content of 3.65mgl l 00 

gm. The Zn content in the current study for the same species (Lilpinils anguslifolius) is not in 

agreement with the stated va lue. Accordingly, the zinc content was slightly lower than the result 

reported by pon'es el al., (2007). However, in another investigation, Trugo, el al., (1993) has 

reported the content to be wi thin the range of 2.9-17.6mgIl00 gm for different cultivars of the 

same species. Conversely, the zinc content of the local cultivar in the present study was 

3.46mgll OOg of dry mate r which is hi gher than the zi nc content of the new cult ivar in th is study, 

But lower than the value reported by Pon'es el a/., (2007) for the same spec ies (LlIpil1lls albus), 

(i.e. 4.3mgIl00g). The difference in the zinc co ntent between the two culti vars may be due to 

genetic makeup variation since cultivated in the same environmental conditions. 
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In another investigation, petterson ( 1993) explained the range of values for various minerals of 

lupins and factors that determine the mineral contents of lupins. Accord ingly, the range of va lues 

of calcium, magnesium, phosphorus, potass ium and sulphur for each of the main lupin species is 

up to about 30%ofthe mean and sodi um content is more variable, depending on soi l type. 

The range for minor elements is greater with variations in the content of iron (3.1-IS.Omg/l OOg) 

and manganese (0.6-7.6mg/100g) in Australian sweet lupin (Lupin us angusli!alius) in related to 

rainfa ll zone, with seed from low rain fa ll areas generally having a higher content. The 

concentration of zinc (Zn) in plant-based foods generally varies from O.OS to 11.8 mgllOO g. The 

lower levels of Zn are fnund in fresh fruits (0.02-0.61 mg/l 00 g. 

Both the treatments used in the current study have shown decreasing effect on the zinc content of 

the raw samples. Accordingly, the treatments BSNL V2 and RSNL V2 reduced the Zn content by 

39.78% and 32.8S% respectively. Similarly, Ertas and Bi lgi91i (20 12) reported decrease of Zn 

content by 46.7% and 23.2% at different soaking times and medium respectively. 

The mineral contents of processed samples depend on the type of the soaking so lut ion. For 

example; on the report by EI-Adawy, e/ al., (2000), when the soaking so lu tion was NaHC03, it 

was reported that except Na all the analyzed minerals have shown a decrement. The decrease in 

Zn content may be due to leachi ng in to soaking water when the soaking water is changed. 

4.3.2 Iron 

Iron was another other mineral analyzed in this study. The iron contents of the new and local 

cultivars in this study were 2.48 and 2.94 mg/IOOgm respectively. There is a significant 

difference between the iron contents of the two cultivars. POlTes e/ al., (2007) has reported the 

iron content of the raw Lupin of the same cultivar (Lupinus angus/iralius) to be 4. ISmg/l ~Og on 

dry mater base. The finding of the current research was not in agreement wi th this spec ified 

result for the same species. The possible explanation cou ld be growing geographical cond itions 

soi l type, rain fall, pH of the soi l. However, in another finding, Trugo, e/ al., (1993) has reported 

the iron content to be in the range of 2·4-10·8 mg/l 00 gm. The resu lt of the current study is 

within the given range. 
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In both sample types both the treatments have significant effects on the iron content. Iron content 

was reduced from the raw sample in all the treatments . The treatments BSN L V2, RSNL V2, 

BSLL V and RSLL V have reduced the iron content by 37.9%, 14.1 1 %, 32 .65% and 20.4% 

respectively. In another study, it was reported that except Na, all the minera ls analyzed including 

Fe were reduced on soaking of raw lupin bean (Lllpinlls alblls ond Lllpinlls ongllslijo/iuS). The 

reduction of minera ls on soaking process poss ibly could be leaching of all the wate r so luble 

minerals with the steeping medium and rinsing process. Erta~ and BilgiC; li (20 12) reported that 

after debittering process, significant (p<0.05) decreases (between % 5.7 and 75.7) were observed 

in calcium , phosphorus. zinc, iron. magnesium and manganese contents of the lu pin seeds. The 

seed iron content was decreased by 11.8% during differen t soaki ng time (4 8, 96 and 144hrs). 

The level of minera ls in vegetab les depends on a number of factors includi ng geneti c propert ies 

of the crop species, climatic conditions, so il characteri stics and the degree of maturity of the 

plant at the moment of harvesting. 

4,3.3 Ca lcium 

The calcium content of the two cultivars was 11 2.62 and 44mg/l OOgm fo r the new and local 

lupins respectively. There is a significant difference between the calcium contents of the two 

cultivars. The calcium content of the new vari ety was higher than the local variety. 

The va lues for ca lcium content in the current study fo r the new lupi n culti var (Lllpinus 

angllslijo/iIlS) is sl ightly lower than the va lue reported by pores el al., (2007) (i .e. 143 mgi I DOg). 

The result of calcium content for the local vari ety was not in agreement with the value reponed 

by the same author ( I 39.0mg/lOOg). Si milarly, in anothe r study the cal ci um content of the same 

species is reported to be in the range of 150-290 and 120-250mg/l OOg for Lpinlls onguslij()lills 

and Lupinus alhus respec tive ly. (Petterson 1997). The reason probably may be genetic difference 

and environmental cond itions where the lupins grown. The concentration of calcium (Ca) in 

food s of plan l origin shows a wide range of vari at ion. The lower va lues belong to apples (MaillS 

dO/JIeslica), green pepper (Capsicum onnlll/ln) and potatoes (Soionumiliberosum) « 8.7 mgl lOO 

g) and higher va lues are present in broccoli (IJrassica oleroceo L. va r.i talica) (100 I11g/l 00 g) and 

spinach (Spinaeio oleracea) (600 mg/l 00 g). Treatment s app lied in the present study had a 

significant effect on the calcium content of the two varieties. Consequentl y, treatments, BSNLV2 
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and RSNLV2 reduced the calc ium content by 13.16 and 19.80% respecti ve ly. Similarly, the 

treatments BSLL V and RSLL V reduced the calcium content by 13. 18 and 18.84%. When 

compared to the treatments BSNLV2 and RSNLV2, the treatmen ts BS LLV and RSLLV had 

higher reduction percentage. 

4.4 Functional propel'ti cs 

The most important funct ional properties of the lupine seed fl our in food form ulations were 

characteri zed in Table 4.4 below. 

4.4.1 Water absorption capacity 

Water absorption capacity of the new and local lupin va rieti es was 2 .85 and 2.65g/g 

respective ly. There was a signifi cant diffe rence (p>0.05) between the two lup ins in terms of their 

water absorption capaci ty. The water absorption capacity of the new variety (2.85g1g) was hi gher 

when compared with loca l variety (2 .65g/g). 

Both treatments applied showed increasing effect on the water absorption capac ity of the flours . 

The treatments BSNL V and RSNL V increased the water absorption capacity by 14.04 

andl7.54% respectively. Similarly, the treatments BSLLV and RSLLV increased water 

abso rption capacity by 11.32 and 13 .21 % respecti vely. 

The higher water absorption of fl ours from processed seeds might have been due to their protein 

content wh ich was higher than that in the corresponding raw seed fl our. Increase in water 

absorption in soy products (flour, concentrate and iso late) with increase in protein content was 

reported by Flemmi ng el al., ( 1974). A number of fac tors such as hydroph ilic-hyd rophobic 

balance of amino acids molecular size and shape infl uence the wate r absorption of flours. 

According to Butt and Batoo l (20 I 0), prote in has both hyd rophili c and hyd rophobic prope rties, 

and so can interact with water in foods. 

Treatments BSNLV2 and RSNLV2 have showed water absorpti on capacity of 2.80 and 2.82 gig 

respectively. There is no significance d iffere nce between the two treatments in terms of their 

water abso rption capacity. However, when compared to the flo ur fro m raw lupi n varieti es, there 

was a signi ficant diffe rence (p<0.05) between the two treatments. 
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Table 4.4: Functional properti es (Mean :l:: SD) of both raw and processed lupin fl ours of the new and local lupin varieties 

Parameter Sample 

RNLV BSNLV RSNLV BSN LV2 RSNLV2 RLLV BSLLV RSLV 

Bulk dens ity (glml ) 086:1:: 0.00' 0.86:1::0.0 1' 0.84:1::0.00' 0.8S±0.03' 0.8 1±0.01' 0.84:1:: 0.03" 0.83:1:: 0.01 ' 0.76:1::0.0" 

Dispersibility (%) 44.00:1::2.83' 47 .S 1:1:: 1.79' 4S. 78:1:: 1.63'b 46.4S±0.4,b 46.4±0.2b 43.02:1::2.03' SI.SO:l::I.43d 49.87:1::2 .0d 

Water absorption (gig) 2.8S:l::0.07' 3.2S:l::0.35b 3.35:1:: 0.2 1 b 2.80±0.00c 2.82±0.2 Id 2.65:1::0.07d 2.9S:I:: 0.07' 3:1::0.00b 

Oil absorption (gig) 0.98:1:: 0.69' 1.23:1::0.2I b 1.52:1::0. 15b 1.08±0.14' 1.17±0.1 4' 1.02:1::0.07' 1.42:1::0.07d 1.57:1::0. 13d 

Emulsion activity (%) 53.2:1::0.67' 53.3±O.543 54.01:1::0.77' 5 1.03:1::0. Ib 53.8:1:: 0.4' 48.47:1::0.87d 53.25:1::0.99' 52.7:1::1.0 1' 

Foaming capacity (%) 67.02:1::0.3' 66.3:1::0.88' 71.01:1:: 079b 67.2:1::0 .21 ' 68.9:1:: 0.32' 65.4:1::0.07' 65.7:1::2.12' 65.8:1::0.76' 

Means in the same raw with different letters are significantly different (p<O.05) 

The treatments showed lower water absorption capacity than the treatments BSNL V and RSN L V for the same variety. Th is decrease 

in the water absorption capacity for the treatments BSNLV2 and RSNLV2 could be the reason explained earli er. 

There are econom ic benefit s in adding water to a product which is priced accord ing to its weight, and a positi ve impact on the shelf 

life, hence food manufacturers prefer to incorporate food ingred ients with high water absorption capacities in their formul a. 

4.4.2 Bulk density 

There was no significant difference between the two lup is in their bulk density. The bulk density of the new and locallupins 

respect ive ly was 0.86 and O.84g1ml. 
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The result in the present study for bu lk density was comparable with the find ing reported in 

Teclmical Data Sheet for Austral ia Sweet Lupin for the new variety (Lupinlls ongllslijolius), (i.e. 

0.56g/ml). 

The bulk density of the local lupin cultivar was slightly higher than the result reported by 

Shimelis (20 I 0) (i.e. 0.76g/m l) for the same cultivar. 

Both treatments applied in the present study had no significant effect on the bulk density of the 

lupins except RSLL V which had sign ificant effect on the bulk density (0.76g/m l). 

Bulk density of flour is related to the textural characteristi cs and eases of rehydration. Bulk 

density is an indication of the porosity of a product which influences packages design which 

could be used in determining the type of packaging materi al required fo r the product. Bulk 

density has been fo und to be a function of flour wettability (Solsuk i, 1962). It is also important in 

infant feeding where less bulk density is desirable (lwe and Onalope, 2001). According to 

Padmasshree el al., (1987), higher bulk density is desirab le for greater ease of dispersibility of 

flours . In contrast, however, 101Y bulk density would be an advantage in the formulation of 

complementary foods. 

4.4.3 Dispersibili ty of the flours. 

Dispersibi lity of flour in water shows the ease of breakup of agglomerates whi ch all ow particles 

to sink below the surface and disperse rap idly in a liquid. Flour obtained from the new lup in 

variety was found to be superior to that of the loca l variety in terms of dispersibility. 

Dispersibility of the two lupins was 44.00 and 43 .02% for the new and local varieties 

respectively. There was a significant difference (p<0.05) between the lupin vari eti es in their 

di spersibility. The new lupin variety showed higher dispersibili ty than the local lupin variety. 

The dispersibil ity va lue for both new and local caltivars in the present study was lower than the 

value reported by Shimelis Emire (2010) (i.c . 56.7%). Thc diffe rence in dispersibility could be 

due to growing condition, so il type, rain fall and pH of the soil where the lupins grown. 

Both the treatments applied had a signi ficant effect on the dispersibi lity of lupin flours. 

Accordingly, the treatments BSNLV2 and RSNLV2 increased dispersibil ity of fl ours by 5.56 ancl 
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5.45% respecti ve ly. S imilarly, the treatments BSLLV and RSLLV increased dispersibil ity by 

19.71 anclI5.93% respectively. 

Dispersibi lity of flour in water shows the ease of break- up of agglomerates which al low 

particles to sink below the surface and disperse rapidly in a liquid. 

4.4.4 Oil abso"ption capacity 

The oil absorption capacity of the new and local lupin cult ivars was 0.98 and 1.02g/g 

respectivel y. There was no significant d iffe rence (p>0.05) between the two vari eti es in thei r oil 

absorption capac ity . 

When we compare the effect of treatments used, there was a significant effect on the oil 

absorption capacity which was increas ing in both samples. Accordingl y, treatments BSNLV and 

RSNLV increased oi l absorption capacity by 25.5 1 and 55. 10% respective ly. Simil arl y, the 

treatments BSLLV and RSLLV increased the oil abso rption capac ity by 39.22 and 53.92% 

respectively. Sosulsk i el al., (1976) reported increase in oil absorption capaci ty of lentil cluring 

soaking and germinating for hours. 

Treatments BSN LV2 and RSN LV2 have showed oil absorption capac ity of 1.08 and 1.17 gig 

respectively. There was a significance difference (p<0.05 be twee n the two trea tments in terms of 

their oil absorption capac ity. when compared to the flour from raw lupin va ri et ies, there was a 

s ignificant difference (p<0.05) between the two treatments . The treatments showed higher oil 

absorption capac ity than the treatments RNLV ancllower oi l abso rption va lue than the treatments 

BSNL V and RSNL V for the same va ri ety. Mubarak (2005) studied the effect of some home 

traditional processes on the nu tritional compos ition and anti nutritional facto rs in mung bean 

seeds ancl reported that soaking for 12 h resultecl ill significan t reductions in crude ash ( 12 %) 

and crude protein (2 %). 

When we see water and oi l absorption trencl s of the two samples, water abso rption trends 2.85, 

3.25,3 .35 and 2.65, 2.95, 3 gig for RNLV, BSNLV ancl RSNLV and RLLV , BSLLV, RSLLV 

flours, respecti ve ly, were higher than oil absorpt ion trends 1.02, 1.42 , 1.57 and 0.98, 1.23, 1.52 

gig for RNLV, BSNLV, RSN LV and RLLV, BSLLV, RSLLV flours, respecti ve ly. 

60 



4.4.5 Emulsion activity 

The emulsion activity, which reflects the ability of the proteins to aid fo rmation and stabilization 

of newly created emulsion, were found to be 53.2 1, 52. 1, 54.0 1, and 48.47, 53.25, 52.7 in the 

RNLV, BNLV, RNLV and RLLV, BLLV, RLLV flours , respectively. The emulsion activity of 

the two lupins flour was 53.21 and 48.47% for the new and local lu pin varieties respectively. 

There was a significant difference between the two lupins in terms of their em ul sion activity. All 

treatments used in this study have signifi cant effect on the emulsion activity of the flours. 

Treatments had both increasing and decreasing effects. Consequently, BSNL V decreased 

emulsion act ivity by2.09% and whereas treatment RSNL V increased the emulsion activity by 

1.50%. However, both treatments showed increase in emulsion activity for the local lupin 

variety. Accordingly, the treatments BSLLV and RSLLV increased emulsion activ it y by 9.86 

and 8.73% respectively. The treatments BSNL V2 and RSNLV2 have showed lower emul sion 

activity than the treatments BSNLV and RSNL V whose respective va lues were 53.0 I , 51.03, 

54.2, and 52.1 %. 

4.4.6 Foaming capllcity 

Foaming capacity of the flour samples were 67.2 , 66.3, 71.0 I and 65.4. 65.7, 65.8 for RN LV, 

BSNLV, RSNLV and RLLV, BSLLV, RSLLV respectively . There was a significant difference 

between the two cultivars in terms of their foam ing capacity. The foaming capacity of the new 

variety (67.2%) was slightly hi gher than foaming capacity of the local variety (65.4%). The 

value for foaming capac ity for the local lupin variety (65.4%) in the present study was high ly 

agrees with result reported by Shimel is Emire (65.0 %) for the same lupin species. 

Both treatments have showed a significant effect on the foaming capaci ty of the flour samples. 

Accordingly, BSNLV and RSNLV decreased the foaming capacity by 1.36% and conversely 

RSNLV increased the foaming capacity by 5.67%. Similarly, the treatments BSLLV and RSLLV 

increased the foaming capacity by 0.46 and 0.61 respectively. Ahmadzadeh el al., (2006) 

reported increase in foaming capacity for soaked, germinated and de-h ulled cowpea by 8%. The 

treatments BSNLV2 and RSNLV2 have foaming capacity of 67.02 and 68.9 % respectively 

which was slightly higher than the foaming capacity va lue of the raw lupin flour (67.2) of the 

same variety. However, when compared to foaming capacity value of the treatments BSN LV 
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(66.3%) and RSN L V (7 1.0 I %), higher foaming capacity was observed for the treatment 

BSNL V2 and it was lower for the treatment RSNL V respectively for the same treatments. 

Some food proteins are capable of fo rming good foams, and their capacity to form and stabilize 

foams depends on the type of prote in, degree of denaturation, pH, temperature and whipping 

methods. The egg white is one of the most commonly used food ingredients for foam ing 

properties. Since foam capaci ty appears to be due to so lubilized prote in, higher va lues wi ll 

enhance it s functiona lity in its uses for the producti on of cakes and whipp ing toppings where 

foaming is an important property. 
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4. S Sensory evaluation 

Table 4.5: Sensory eva luation of lupi n-wheat blend bread 

Lupin types 

Blend 
proportion 

Appemance 
Color 
Odor 
Taste 
Texture 
Over all 
acceptance 

Contro l 
(100%) 
Wheat (BO) 

" 8.39± 1.05 
8.3 1 ± 0.63" 
7.77± 1.68' 
7.16± 0.83" 
7.31 ± 1.00" 
6.50± OAI" 

New Lupin variety 

5% lupin 
(Bl) 

, " 7.J2± 1.1 9 
7.60± 1.1 2" 
7.70± 0.92" 
7.53±0.75" 
7AO±0.56b 

6.78±0.82b 

10% (raw) 
(B2) 

" 7.54±0.79 
7.69±0.52"b 
7A7±0.75" 
6.93±0. 94b 
7.62±0.60b 

7.16±0.9 1 b 

10% lupin 
(B3) 

, 
6.85±0.54 
7.08± 1.0 I b 
7.5 1±0.68b 

6.93±0. 74b 

6.77±OA3b 

6A7±0.3 1' 

15%lu pin 
(B4) 

", 6.39± 1.57 
7.08± 1.29"b 
7.3 1± 1. 60' 
6.39± IA 7' 
6.66± 1.59' 
5.59± 1.56d 

Means in the same raw with different letters are signifi cantly different (p<0.05). 

BO = control (100%) wheat flour 

B 1= 5% processed new lupin flour 

B2 = 10% raw new lupin variety 

B3 = 10% processed new lupin variety 

B4 = 15% processed new lupin variety 

B5 = 10% processed local lupin variety 

Local Lupin 
variety 
10%lupin 
(BS) 

"' 7.08±1. 12 
8.08± 1. 5 Ih 
7 .1 6±1.36' 
5.4 7±0.60d 

6.00± 1.02d 

4.93±1.06' 

Sensory evaluation was done for the bread made from fi ve different products fro m lupin to wheat 

flour proportions and one product fro m wheat alone flo ur (control). These were 5%, 10% and 

15% of processed new lupin variety flour, 10% of raw new variety lupin flour and 10% local 

lupin flou!'. Wheat fl our (100%) was used as a control. Sensory ana lyses was done to identify if 

there was a significant difference between (for bread made from the new and local lupin variety 

flours with the same lupin to wheat proportion level) and within sensory analyses (for breads 

made from processed and unprocessed new lup in varie ty flou rs) if significant difference ex ists in 

their sensory characte rist ics. Sensory attributes fo r which analyses done were appearance, co lor, 

odor, taste, texture and overall acceptance of the products. 
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The resu lts sensory analyses of products for appearance were 8.39, 7.32, 7.54, 6.85, 6.39 and 

7.08. When we compare B3 (bread made from 10% of new lupin variety fl our) with B5 (bread 

made from 10% of local lupin variety flour), there was a sign ificant difference (p<0.05) between 

the two products in tenl1s of their appearance sensory attribute. The results for their sensory 

evaluation of appearance were 6.85 and 7.08 respectively. Accordingly, B5 showed hi gher 

sensory value than B3. The poss ible explanation could be dark yellowi sh seed color of the new 

lupin variety when compared to white yellowish color of the local lupin vari ety seed which has a 

direct effect on the appearance of the product. 

Compared to B I, B2 and B4, there was a significant difference (p<0.05) between B I, B2, B3 and 

B4 in terms of their appearance attribute. Accordingly, B3 (6.85) showed higher appearance 

value than B4 (6.39) and lower value than Bl (7.32) and B 2(7.54). At thi s j uncture, one can 

conclude that it is possible to use 10% of raw new lupin variety flour in similar way like 

processed lupin fl our is used at the same proport ion to rep lace wheat flo ur. 

When compared to control, BO (100%) wheat flo ur, B3 was inferior in terms of its appearance 

sensory attribute. In general , all products were acceptable in terms of their appearance sensory 

attribute and scored above fi ve grades. 

Color is another sensory attribute together with ap pearance invest igated in thi s study that 

determines the product quality and acceptance by consumers. The result of sensory anal yses of 

color for B3 and B5 were 7.08 and 8.08 respectively. B5 showed significantly higher (p<0.05) 

value when compared to B3 for its color attribute. However, both products we re above 

unacceptable level in terms of their color attribute. 

The sensory evaluation results of the products B I, B2, B3 and B4 for their color attribute were 

7.6, 7.69, 7.08 and 7.08 respectively. Compared to B I and B2, there was significant difference 

(p<0.05) with B3. Accordingly, B I and B2 showed higher sensory results in terms of their color 

attribute. However, compared to B4, there was no signifi cant difference (p>0.05). 

When compared to BO (control) , B3 showed signifi cantl y lower (p<0.05) resu lts in terms of its 

color attribute. 
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Odor is another impol·tan! sensory attribute investigated in the present study. The results of 

sensory analyses of products BO, B I , B2 , B3 , B4 and B5 are sowed in table 5. Compared to B5, 

B3 showed higher sensory results in terms of its odor att ri bute. Simi larly, B3 showed 

significantly hi gher (p<0.05) sensory value when compared to products B I, B2, B4 for its odor 

attribute. However, it showed no significant difference (p>0.05) when compared with BO 

(control). 

Taste is very important and unforgettable parameter in sensory study of food products. The 

results of sensory analyses of products BO, B 1, B2, B3 , B4 and B5 for taste attribute are shown 

in table 5. As the results of sensory analyses for taste indicated, there was a significant 

difference (p<0.05) between B3 and B5 in terms of their taste attributes . Consequent ly, B3 

showed a higher value than B5 whose values respectively were 6.93 and 5.47 . This variation 

between the two products in terms of their taste attribute could be the bitterness taste in the local 

lupin flour due to alkaloids. When compared to products B 1, B2 and B4, there was no a 

significant difference (p>0.05) between 83 and B2 in terms of their taste attributes . However, 

there was a significant difference (p<0.05) between B2, B4 and B3 in terms of their taste 

attributes. Accordingly, 83 showed lower sensory results than B2 and B4 in its taste attribute. 

There is a significant difference (p<0.05) between B3 and BO indicating 80 has higher sensory 

score. In fact , all products were accepted by the panelist. 

The resu lts of sensory analyses of each product for texture are shown in the table 5. There was a 

significant difference (p<0.05) between B3 and B5 in terms of their texture attribute . B3 showed 

higher value than B5 in its texture attribute. When com pared to BO, B I , B2 and 84, there was no 

significant difference (p>0.05) between B3 (6.77) and B2 (7.62). However, it was significantly 

different (p<0.05) from 81 (7.40) and B4 (6.66). Accordingly, B I showed higher senso ry value 

in terms of its texture attri bute where B4 was lower value. Simi larly, BO was sign ificant ly 

different (p<0.05) from B3 indicating higher sensory result for its texture. 

Overall acceptance is another sensory attribute tested in the present study which determines the 

market val ue of a given product. The sensory analyses resu lts of products in the current study fo r 

over all acceptable were 6.50, 6.78 , 7. 16, 6.47, 5.59 and 4.93 for BO, B I , B2, B3 , B4 and BS 

respecti vel y. 
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There was a s ignificant difference (p<O.05) between the B3 and B5 in terms of thc ir ove rall 

acceptance. Acco rdingly, B3 showed higher overall acceptance than B5 whose values 

respecti ve ly were 6.47 and 4 .93. B5 scored below ac 

ceptable level in terms of its overall acceptability. Compared to B I, B2 and B4 , B3 was 

significant ly different (p<O.05) from B2 and B4. Consequentl y, B3 showed higher overall 

acceptable va lue than B4 and lower overa ll acceptab le va lue than Bland B2. This indicates 

decreasing val ue of overall sensory acceptabili ty of the product with increasing proportion of 

lupin flour up to and above 15% level. 
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5. CONCLUSION AND RECOMMENDATION 

5.1 Con clusion 

Accord ing to the results obtained, the new lupin variety (Lupinus anguslifolius) invest igated in 

this study had good nutritional va lue. Except in its protein content in which it had lower value, 

the new variety revealed comparable nutritional composit ion with locally grown lup in (Lllpin/./s 

a/bus) var iety. 

The results also revealed that the new va riety (Lllpinlls anglislijolillS) was ri ch with minera ls 

especiall y, Fe, Zn and Ca and it has higher calcium content when compared to the local lupin 

variety. The new variety revealed lower alkaloid content from which one can conclude that it can 

be consumed without extra treatment like other commonly consumed grain legumes. 

The traditional methods used in the present study increased the nutrient levels in both varieti es 

except minerals and reduced the alkaloid and phyatate contents significantly. The new variety 

showed similar trends in each case with the local variety. 

The resu lts of functional properties indicated that the new variety can be used for variolls food 

products manufacturing analogous to the local lupin variety in the same way the local variety is 

processed and used. Therefore, the research findings can be used by food companies in recipe 

deve lopment of lupin-based processed foods, including fOliified food products to combat the 

protein-energy malnutrition problem in Ethiopia, 

The new lupin flour can equally be used in food preparation as the local lupin variety, 

Incorporation of 10% lupin flour from the raw and processed flour of the new lupin variety 

showed better sensory acceptance than the processed local lupin variety. This may indicate the 

possibility of the new variety to be used in food product ion, 

The successful growth and showing comparable nutritional value with the local lupin variety 

under exist ing environmental condition indicates the wide adaptat ion potential of the new variety 

and the possibili ty to use thi s crop as a cheap home-grown protein source in Ethiopia, 
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Although there were va ri ations between the two varieties tn terms of the ir nutritional 

composi tions, the lower alkalo id content , poss ibi lity to be used in food formul at ions withou t 

longer pre-treatment practices together with relatively better crude protein and fi ber content 

gives the new variety an advantage over the local lupin variety for further production and use in 

human food and animal feed. 

5.2 Recommendations 

I. Further study should be conducted to evaluate amino acids and fatty acids profiles of the 

new crop under Ethiopian condition. 

2. For re liable information, laboratory results need to be verified by animal and human 

evaluat ions. 

3. Protein di gestibi lity and effic iency ratio shou ld be investigated. 

4. Effect of trad itional process ing methods not mentioned in this study such as sprouting, 

fermentation should be evaluated. 

5. Specific alkaloid contents, types, di stribution in different parts of the crop (leaves, seeds, 

roots) in the crop should be investigated. 

6. Industria l lupin flour based product such as lupin prote in iso lates, lupin milk and yoghurt 

should be deve loped and sensory acceptability should be evaluated. 
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