





































































































































































































and RSNLV2 reduced the calcium content by 13.16 and 19.80% respectively. Similarly, the
treatments BSLLV and RSLLV reduced the calcium content by 13.18 and 18.84%. When
compared to the treatments BSNLV2 and RSNLV2, the treatments BSLLV and RSLLV had

higher reduction percentage.

4.4 Functional properties

The most important functional properties of the lupine seed flour in food formulations were

characterized in Table 4.4 below.

4.4.1 Water absorption capacity

Water absorption capacity of the new and local lupin varieties was 2.85 and 2.65g/g
respectively. There was a significant difference (p>0.05) between the two lupins in terms of their
water absorption capacity. The water absorption capacity of the new variety (2.85g/g) was higher
when compared with local variety (2.65g/g).

Both treatments applied showed increasing effect on the water absorption capacity of the flours.
The treatments BSNLV and RSNLV increased the water absorption capacity by 14.04
and17.54% respectively. Similarly, the treatments BSLLV and RSLLV increased water
absorption capacity by 11.32 and 13.21% respectively.

The higher water absorption of flours from processed seeds might have been due to their protein
content which was higher than that in the corresponding raw seed flour. Increase in water
absorption in soy products (flour, concentrate and isolate) with increase in protein content was
reported by Flemming et al., (1974). A number of factors such as hydrophilic-hydrophobic
balance of amino acids molecular size and shape influence the water absorption of flours.
According to Butt and Batool (2010), protein has both hydrophilic and hydrophobic properties,
and so can interact with water in foods.

Treatments BSNLV2 and RSNLV2 have showed water absorption capacity of 2.80 and 2.82 g/g
respectively. There is no significance difference between the two treatments in terms of their
water absorption capacity. However, when compared to the flour from raw lupin varieties, there

was a significant difference (p<0.05) between the two treatments.
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Table 4. 4: Functional properties (Mean + SD) of both raw and processed lupin flours of the new and local lupin varieties

Parameter Sample
RNLV BSNLV ~ RSNLV ~ BSNLV2 RSNLV2  RLLV BSLLV RSLV
Bulk density (g/ml) 0.86+0.00° 0.86+0.017 0.84+0.00°  0.85+0.03* 0.81+0.01° 0.84+0.03* 0.83+0.01° 0.76+0.0°
Dispersibility (%) 44.00+2.83* 47.51+ 1.79° 45.78+1.63% 46.45+0.4®° 46.4+0.2°  43.02+2.03° 51.50+1.43% 49.87+2.0°
Water absorption (g/g)  2.85+0.07° 3.25+0.35° 335+ 0.21° 2.80+0.00° 2.82+0.21¢ 2.65+0.07¢ 2.95+0.07° 3+0.00b
Oil absorption (g/g) 0.98+0.69* 1.23+0.21° 1.52+0.15°  1.08+0.14° 1.17+0.14° 1.02+0.07°  1.42+0.07°  1.57+0.13¢

Emulsion activity (%)  53.240.67° 53.3+0.54* 54.01+0.77° 51.03+0.1° 53.8+0.4° 48.47+0.87% 53.25+099° 52.7+1.01°
Foaming capacity (%)  67.02+0.3* 66.310.88" 71.01+0.79° 67.2+0.21° 68.9+0.32° 65.4+0.07" 65.742.12*  65.84+0.76°

Means in the same raw with different letters are significantly different (p<0.05)

The treatments showed lower water absorption capacity than the treatments BSNLV and RSNLV for the same variety. This decrease

in the water absorption capacity for the treatments BSNLV2 and RSNLV2 could be the reason explained earlier.

There are economic benefits in adding water to a product which is priced according to its weight, and a positive impact on the shelf

life, hence food manufacturers prefer to incorporate food ingredients with high water absorption capacities in their formula.
4.4.2 Bulk density
There was no significant difference between the two lupis in their bulk density. The bulk density of the new and local lupins

respectively was 0.86 and 0.84g/ml.
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The result in the present study for bulk density was comparable with the finding reported in
Technical Data Sheet for Australia Sweet Lupin for the new variety (Lupinus angustifolius), (i.e.

0.56g/ml).

The bulk density of the local lupin cultivar was slightly higher than the result reported by
Shimelis (2010) (i.e. 0.76g/ml) for the same cultivar.

Both treatments applied in the present study had no significant effect on the bulk density of the

lupins except RSLLV which had significant effect on the bulk density (0.76g/ml).

Bulk density of flour is related to the textural characteristics 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 material required for the product. Bulk
density has been found to be a function of flour wettability (Solsuki, 1962). It is also important in
infant feeding where less bulk density is desirable (Iwe and Onalope, 2001). According to
Padmasshree ef al., (1987), higher bulk density is desirable for greater ease of dispersibility of
flours. In contrast, however, low bulk density would be an advantage in the formulation of

complementary foods.

4.4.3 Dispersibility of the flours.

Dispersibility of flour in water shows the ease of breakup of agglomerates which allow particles
to sink below the surface and disperse rapidly in a liquid. Flour obtained from the new lupin

variety was found to be superior to that of the local 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 varieties in their
dispersibility. The new lupin variety showed higher dispersibility than the local lupin variety.
The dispersibility value for both new and local caltivars in the present study was lower than the
value reported by Shimelis Emire (2010) (i.e. 56.7%). The difference in dispersibility could be

due to growing condition, soil type, rain fall and pH of the soil where the lupins grown.

Both the treatments applied had a significant effect on the dispersibility of lupin flours.

Accordingly, the treatments BSNLV2 and RSNLV2 increased dispersibility of flours by 5.56 and

59



5.45% respectively. Similarly, the treatments BSLLV and RSLLV increased dispersibility by
19.71 and 15.93% respectively.
Dispersibility of flour in water shows the ease of break- up of agglomerates which allow

particles to sink below the surface and disperse rapidly in a liquid.

4.4.4 Oil absorption capacity

The oil absorption capacity of the new and local lupin cultivars was 0.98 and 1.02g/g
respectively. There was no significant difference (p>0.05) between the two varieties in their oil

absorption capacity.

When we compare the effect of treatments used, there was a significant effect on the oil
absorption capacity which was increasing in both samples. Accordingly, treatments BSNLV and
RSNLV increased oil absorption capacity by 25.51 and 55.10% respectively. Similarly, the
treatments BSLLV and RSLLV increased the oil absorption capacity by 39.22 and 53.92%
respectively. Sosulski ef al., (1976) reported increase in oil absorption capacity of lentil during

soaking and germinating for hours.

Treatments BSNLV2 and RSNLV2 have showed cil absorption capacity of 1.08 and 1.17 g/g
respectively. There was a significance difference (p<0.05 between the two treatments in terms of
their oil absorption capacity. when compared to the flour from raw lupin varieties, there was a
significant difference (p<0.05) between the two treatments. The treatments showed higher oil
absorption capacity than the treatments RNLV and lower oil absorption value than the treatments
BSNLV and RSNLV for the same variety. Mubarak (2005) studied the effect of some home
traditional processes on the nutritional composition and antinutritional factors in mung bean
seeds and reported that soaking for 12 h resulted in significant reductions in crude ash (12 %)

and crude protein (2 %).

When we see water and oil absorption trends of the two samples, water absorption trends 2.85,
3.25, 3.35 and 2.65, 2.95, 3 g/g for RNLV, BSNLV and RSNLV and RLLV, BSLLV, RSLLV
flours, respectively, were higher than oil absorption trends 1.02, 1.42, 1.57 and 0.98, 1.23, 1.52
g/g for RNLV, BSNLV, RSNLV and RLLV, BSLLV, RSLLV flours, respectively.
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4.4.5 Emulsion activity

The emulsion activity, which reflects the ability of the proteins to aid formation and stabilization
of newly created emulsion, were found to be 53.21, 52.1, 54.01, 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 lupin varieties respectively.
There was a significant difference between the two lupins in terms of their emulsion activity. All
treatments used in this study have significant effect on the emulsion activity of the flours.
Treatments had both increasing and decreasing effects. Consequently, BSNLV decreased
emulsion activity by2.09% and whereas treatment RSNLV 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 activity by 9.86
and 8.73% respectively. The treatments BSNLV2 and RSNLV2 have showed lower emulsion
activity than the treatments BSNLV and RSNLV whose respective values were 53.01, 51.03,
54.2, and 52.1 %.

4.4.6 Foaming capacity

Foaming capacity of the flour samples were 67.2, 66.3, 71.01 and 65.4. 65.7, 65.8 for RNLV,
BSNLV, RSNLV and RLLV, BSLLV, RSLLV respectively. There was a significant difference
between the two cultivars in terms of their foaming capacity. The foaming capacity of the new
variety (67.2%) was slightly higher than foaming capacity of the local variety (65.4%). The
value for foaming capacity for the local lupin variety (65.4%) in the present study was highly

agrees with result reported by Shimelis Emire (65.0 %) for the same lupin species.

Both treatments have showed a significant effect on the foaming capacity of the flour samples.
Accordingly, BSNLV and RSNLV decreased the foaming capacity by 1.36% and conversely
RSNLYV 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 er al., (20006)
reported increase in foaming capacity for soaked, germinated and de-hulled 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 value of the raw lupin flour (67.2) of the

same variety. However, when compared to foaming capacity value of the treatments BSNLV
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(66.3%) and RSNLV (71.01%), higher foaming capacity was observed for the treatment

BSNLV?2 and it was lower for the treatment RSNLV respectively for the same treatments.

Some food proteins are capable of forming good foams, and their capacity to form and stabilize
foams depends on the type of protein, degree of denaturation, pH, temperature and whipping
methods. The egg white is one of the most commonly used food ingredients for foaming
properties. Since foam capacity appears to be due to solubilized protein, higher values will
enhance its functionality in its uses for the production of cakes and whipping toppings where

foaming is an important property.
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4. 5 Sensory evaluation

Table 4. 5: Sensory evaluation of lupin-wheat blend bread

New Lupin variety

Local Lupin

Lupin types variety

Blend Control 5% lupin 10% (raw) | 10% lupin | 15%lupin 10%lupin
proportion | (100%) (B1) (B2) (B3) (B4) (BS)

Wheat (BO)

Appearance  8.39+ 1.05° 7.32+1.19" 7.54+0.79° 6.85+0.54° 6.39+1.57" 7.08£1.12%
Color 831+ 0.63" 7.60+1.12° 7.69+0.52 7.08+1.01° 7.08+1.29* 8.08+1.51"
Odor 777+ 1.68"  7.70+0.92* 7.47+0.75% 7.51%0.68° 7.31£1.60°  7.16£1.36°
Taste 7.16+ 0.83"  7.53%0.75" 6.9340.94° 6.93+0.74° 6.39+1.47°  5.47+0.60°
Texture 731+ 1.00"  7.40£0.56" 7.62+0.60° 6.77+0.43° 6.66+1.59°  6.00+1.02°
Over all 6.50+ 0.41*  6.78+0.82° 7.16+0.91° 6.47+0.31° 5.59+1.56" 4.93£1.06°

acceptance

Means in the same raw with different letters are significantly different (p<0.05).

B0 — control (100%) wheat flour

B1_. 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

Sensory evaluation was done for the bread made from five different products from lupin to wheat

flour proportions and one product from wheat alone flour (control). These were 5%, 10% and

15% of processed new lupin variety flour, 10% of raw new variety lupin flour and 10% local

lupin flour. Wheat flour (100%) was used as a control. Sensory analyses 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 lupin variety flours) if significant difference exists in

their sensory characteristics. Sensory attributes for which analyses done were appearance, color,

odor, taste, texture and overall acceptance of the products.
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The results 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 flour) with BS (bread
made from 10% of local lupin variety flour), there was a significant difference (p<0.05) between
the two products in terms of their appearance sensory attribute. The results for their sensory
evaluation of appearance were 6.85 and 7.08 respectively. Accordingly, BS showed higher
sensory value than B3. The possible explanation could be dark yellowish seed color of the new
lupin variety when compared to white yellowish color of the local lupin variety seed which has a

direct effect on the appearance of the product.

Compared to B1, B2 and B4, there was a significant difference (p<0.05) between Bl, 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 this juncture, one can
conclude that it is possible to use 10% of raw new lupin variety flour in similar way like

processed lupin flour is used at the same proportion to replace wheat flour.

When compared to control, BO (100%) wheat flour, 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 five grades.

Color is another sensory attribute together with appearance investigated in this study that
determines the product quality and acceptance by consumers. The result of sensory analyses of
color for B3 and B5 were 7.08 and 8.08 respectively. BS showed significantly higher (p<0.05)
value when compared to B3 for its color attribute. However, both products were above

unacceptable level in terms of their color attribute.

The sensory evaluation results of the products B1l, B2, B3 and B4 for their color attribute were
7.6, 7.69, 7.08 and 7.08 respectively. Compared to Bl and B2, there was significant difference
(p<0.05) with B3. Accordingly, B1 and B2 showed higher sensory results in terms of their color

attribute. However, compared to B4, there was no significant difference (p>0.03).

When compared to BO (control), B3 showed significantly lower (p<0.05) results in terms of its

color attribute.
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Odor is another important sensory attribute investigated in the present study. The results of
sensory analyses of products B0, B1, B2, B3, B4 and B5 are sowed in table 5. Compared to B3,
B3 showed higher sensory results in terms of its odor attribute. Similarly, B3 showed
significantly higher (p<0.05) sensory value when compared to products B1, 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 B0, B1, B2, B3, B4 and B35 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 BS in terms of their taste attributes. Consequently, B3
showed a higher value than BS 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 Bl, B2 and B4, there was no a
significant difference (p>0.05) between B3 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, B3 showed lower sensory results than B2 and B4 in its taste attribute.
There is a significant difference (p<0.05) between B3 and B0 indicating BO has higher sensory

score. In fact, all products were accepted by the panelist.

The results 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 BS in its texture attribute. When compared to B0, B1, B2 and B4, 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 B1 (7.40) and B4 (6.66). Accordingly, B1 showed higher sensory value
in terms of its texture attribute where B4 was lower value. Similarly, BO was significantly

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 value of a given product. The sensory analyses results of products in the current study for

over all acceptable were 6.50, 6.78, 7.16, 6.47, 5.59 and 4.93 for BO, B1, B2, B3, B4 and BS

respectively.
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There was a significant difference (p<0.05) between the B3 and BS in terms of their overall
acceptance. Accordingly, B3 showed higher overall acceptance than BS5 whose values

respectively were 6.47 and 4.93. B5 scored below ac

ceptable level in terms of its overall acceptability. Compared to Bl, B2 and B4, B3 was
significantly different (p<0.05) from B2 and B4. Consequently, B3 showed higher overall
acceptable value than B4 and lower overall acceptable value than Bl and B2. This indicates
decreasing value of overall sensory acceptability 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 Conclusion

According to the results obtained, the new lupin variety (Lupinus angustifolius) investigated in
this study had good nutritional value. Except in its protein content in which it had lower value,
the new variety revealed comparable nutritional composition with locally grown lupin (Lupinus

albus) variety.

The results also revealed that the new variety (Lupinus angustifolius) was rich with minerals
especially, 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 varieties
except minerals and reduced the alkaloid and phyatate contents significantly. The new variety

showed similar trends in each case with the local variety.

The results of functional properties indicated that the new variety can be used for various 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
development of lupin-based processed foods, including fortified 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 production.

The successful growth and showing comparable nutritional value with the local lupin variety
under existing environmental condition indicates the wide adaptation potential of the new variety

and the possibility to use this crop as a cheap home-grown protein source in Ethiopia.

L
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Although there were variations between the two varieties in terms of their nutritional
compositions, the lower alkaloid content, possibility to be used in food formulations without
longer pre-treatment practices together with relatively better crude protein and fiber 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

1. Further study should be conducted to evaluate amino acids and fatty acids profiles of the
new crop under Ethiopian condition.

2. For reliable information, laboratory results need to be verified by animal and human
evaluations.

3. Protein digestibility and efficiency ratio should be investigated.

4. Effect of traditional processing methods not mentioned in this study such as sprouting,
fermentation should be evaluated.

5. Specific alkaloid contents, types, distribution in different parts of the crop (leaves, seeds,
roots) in the crop should be investigated.

6. Industrial lupin flour based product such as lupin protein isolates, lupin milk and yoghurt

should be developed and sensory acceptability should be evaluated.
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