


































































































































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. 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 

59 



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. 
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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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