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ABSTRACT
White lupin seeds, Lupinus albus L. are known for their bitter taste due to the presence of different alkaloids and other
related anti-nutritional factors which make the seeds inedible. There are reports on some of processing methods that have
the potential to reduce the alkaloids and make it a safe product for consumption. However, studies on the effects of the
processing techniques on other biochemical compositions of the seed are lacking. In this study, the effects of commonly
used traditional processing methods (roasting followed by soaking for five days, boiling followed by soaking for five days,
germination for 48 hrs and dehulling) on the fatty acid profile and mineral composition and total alkaloid contents of L. albus
seeds grown in Ethiopia are reported. The L. albus seeds were collected from two sites named Dangla and Tilili. Analysis
of the seeds showed that the contents of iron, zinc, manganese and magnesium in the raw Dangla and Tilili samples were
6.01, 2.11, and 58.43, 8.93 mg/ 100 gm and 6.73, 1.81, 59.14 and 9.46 mg/ 100 gm, respectively. In raw seeds, an average
value of 10 % saturated and 75 % unsaturated fatty acids were recorded. The predominant unsaturated fatty acids were
C18:1 (n-9) and C18:2 (n-6), while the saturated ones contained C16:0, C18:0 and C20:0. All the traditional processing
methods applied have reduced the total alkaloid contents of the raw seed from both sites significantly. Due to these
treatments the content of iron in the raw seeds from both sites was reduced by (14-47) % and magnesium by only less than
10 %. Also due to these treatments no loss in the essential fatty acid contents was observed. Therefore, the minimally
processed L. albus seeds using traditional methods can serve as a potential source of minerals and essential fatty acids
after removing the alkaloids.
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INTRODUCTION
Lupine belongs to the genus Lupinus and family of
genisteae, which is also called fabaceae or leguminosae
(Uzun et al., 2006). Commonly, four lupin species are
reported worldwide and these include L. albus L., L.
angustifolius L., L. leutus L. and L. mutabilis L. (Gladstones
et al., 1998; Cowling et al., 1998; Uzun et al., 2006 and
Kurzbaum et al., 2008). It is a legume (similar to soybean)
with a high source of protein (38 %) (Getachew et al., 2012).
Its adaptation to poor soil and wider climatic range makes it
an ideal crop for most environments (Hill, 1977; Trugo et al.;
1993, Farrell et al.; 1999, Gaultier et al., 2003; LampartSzczapa et al., 2003; James et al., 2004 and Sujak et al.,
2006). In addition, L. albus has very useful agronomic
characteristics; non-shattering, disease resistant, high yield
and growing on marginal soil (Australian New Crops
Newsletter, 1999).

L. albus seeds are also good dietary sources of macro
and micro minerals including calcium, iron, zinc, and
copper, when compared to other legumes (Hill, 1977; Sathe
et al., 1984 and Donangelo et al., 1986). Its crude fat
content is ranked third after ground nut (Arachis hypogeae
L.) and Soybean (Glycine max. L.) (Cowling et al., 1998;
VanderMassen and Somaatmadja, 1992; Uzun et al., 2006
and Joray et al., 2007). The oil extracted from L. albus
consists of various types of fatty acids, with higher
proportions of unsaturated fatty acids (Uzun et al., 2006).
The unsaturated fatty acids consists of oleic acid C18:1 (n9) and linoleic acids C18:2 (n-6) (Uzun et al., 2006). The
high content of unsaturated fatty acids and a desirable ratio
of ω-6 and ω-3 fatty acids, make the crop a healthy
alternative edible oil source (Uauy et al., 1995 and Joray et
al., 2007).
Although L. albus is a rich source of nutrients, the bitter
and toxic quinolizidine alkaloids limit its consumption and
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utilization (Calloway et al., 1971; Taverner et al., 1983 and
Khalil et al., 2006). To reduce or eliminate alkaloids various
modern and traditional processing methods have been
developed (Getachew et al., 2012). In parallel with the
processing methods, plant breeders have also tried to
develop sweet lupin containing low level of alkaloids
(Sanchez et al., 2005). In spite of this effort, sweet lupin
varieties are not free of alkaloids and are less resistant to
disease and herbivore attack (Sanchez et al., 2005).
Some physical and chemical treatments have been
developed to eliminate the alkaloids (Arslan and Seker,
2002). These include soaking, dehulling and germination
(Sripriya et al., 1997), fermentation (Czarnecka et al., 1998),
cooking (Kaankuka et al., 1996), heat treatment (Mulimani
and Paramjyothi, 1994) and irradiation (Joseph and Dikshit,
1993). Beyond removing the unwanted anti-nutritional
factors, these processes may also improve the nutritive
value and digestibility of the seed (Khalil et al., 2006).
In Ethiopia, the available species of lupine include L.
mutabilis and L. albus (locally called Gibto) (Forest Gene
Bank of Ethiopia, 2008). Lupinus albus is widely cultivated
in the country, especially in the Amhara region (west Gojam
(Dangla and Tilili) and Gondar areas). The areas have
recorded the highest annual yields of 7.17 Quintal (Central
Statistical Agency of Ethiopia (CSA), 2007 and Forest Gene
Bank of Ethiopia, 2008). In Gojam and Gondar (northern
part of Ethiopia) L. albus is used as a food crop. However,
only few studies have been conducted with regard to its
chemical composition and nutritional values. Some of the
previous studies include; proximate composition and antinutritional factors of traditionally processed white lupine (L.
albus L.) fabaceae grown in Ethiopia (Getachew et al.,
2014); protein quality evaluation of dagussa (Eleusin
coracanal) and L. albus and the supplementary value L.
albus and Eleusin coracanal for animal feed (Sileshi, 1985).
Ethiopian Health and Nutrition Research Institute (EHNRI)
(1997) reported composition of three L. albus prepared
foods and these appear in the food composition table of
Ethiopia. The present study was designed to investigate the
effects of the traditional processing methods (roasting
followed by soaking for five days, boiling followed by
soaking for five days, germination for 48 hrs and dehulling)
on the mineral composition and fatty acid profiles of L. albus
grown and consumed in two areas in Ethiopia.

Sample Preparation

MATERIALS AND METHODS

Analysis

Sampling

After treatments; roasting, boiling and germination, the
elimination of the bitterness was checked by tasting the
seed like in the traditional way and also by analysing for
alkaloid content according to (Getachew et al., 2012).

Samples of L. albus L. were collected from open markets of
Dangla and Tilili in west Gojam, Ethiopia. Dangla is located
at 11.25o and 36.60o latitude and longitude, respectively.
The total population reported in the area is 21,800. Tilili is
located at 10.95o and 36.50o latitude and longitude,
respectively. The total human population in the area is
23,800. These sites were chosen because of their high
production of the crop (CSA, 2007). The sampling technique
used was random sampling. The samples were packed in
polyethylene bags and transported to the Food Science and
Nutrition laboratory of Addis Ababa University. All chemicals
used for analysis were Analytical Reagent (AR) grade.

All the samples were cleaned manually to remove foreign
matters, dust, immature and damaged seeds. Then the
following main traditional processes were performed.
a) Roasting followed by soaking and de-hulling
The cleaned seeds from both sites were roasted on metal
pan for 10 minutes together with pre-cleaned sand, to make
the roasting uniform. Then, the roasted seeds were cooled
for 10 minutes, washed several times and soaked in a
bucket of tap water in (weight to volume) 1:10 ratio. The
soaking water was changed every 2 hrs for five days until
the bitterness was removed. Lack of bitterness was then
determined. Then, the whole roasted and soaked seed
(RSW) and subsample was de-hulled (RSK). Both RSW and
RSK were freeze dried at -42oC for 48 hrs. The dried
samples were grinded to sieve size of 60 meshes (0.25
mm), packed in brown glass and kept at -20oC until analysis.
b) Boiling followed by soaking and de-hulling
The cleaned seeds from both sampling sites were boiled in
tap water at 94oC for 4 hrs. The boiled seeds were then
soaked in a bucket of tap water (weight to volume) (1:10
ratio). The soaking was carried out as indicated in section
above. The removal of the bitterness determined as
describe above. The whole boiled and soaked seed (BSW)
and a subsample was de-hulled (BSK). Both BSW and BSK
were treated as in section above and packed in brown glass
and kept at -20oC until analysis.
c) Germination
The cleaned seeds from both sites were soaked in tap water
for 24 hrs. Then, the soaking water was removed and the
sample was covered in castor bean leaf (similar to the
traditional way) and was left to germinate at room
temperature for 48 hrs. At the end of germination, the
alkaloid content was determined.
Then, the whole
germinated seed (GW) and a subsample was de-hulled
(GK). Both GW and GK were treated as previously
described and packed in brown glass and kept at -20oC until
analysis.

Fatty acids were determined by gas chromatographic (GC)
to quantify its methyl esters (FAMEs), which were prepared
using a slightly modified method from AOAC (2000). Total
lipid was extracted from the dried samples (0.5gm) using
soxhlet extractor. Then, FAMEs were prepared with 5 mL of
methylation solution (1 sulfuric acid: 20 methanol: 10
toluene) and heated at 100°C for 1 hr. After cooling, 5 mL of
distilled water was added followed by final extraction with 5
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mL of diethyl ether. Fatty acid analysis was conducted using
GC with FID detector (DANI, ALS100, Italy).
Mineral composition was determined in triplicate by the
method of Osborne and Voogot (1978). Briefly, 2.5 gm of
powder samples were put into porcelain dish and charred at
120oC for 4 hr, until the whole content became carbonized.
Then, the samples were placed in a furnace at 530oC until
free from carbon, and the residue appears grayish white
after 8 hrs. The crude ash was dissolved with 5 mL of 6M
HCl and placed on hot plate for 2 hrs. Then, 7 mL of 3M HCl
was added and heated on a hot plate until the solution boils.
The digest was cooled and filtered. Then 5 mL of 3M HCl
was added to the dishes and heated to dissolve the residue.
The minerals were analyzed by using Atomic Absorption
Spectroscopy (AAS, Buck Scientific Atomic absorption
Spectrophotometer, Ontario, Canada).
Statistical analysis
Data was tested for effects of site and processing using
General Linear Model (GLM), followed by Duncan’s multiple
range test to separate the means using SPSS software
version 17.0 (SPSS Inc., Chicago.IL, USA). Results was
presented as mean ± SEM.
RESULTS
Total alkaloid
There was a significant difference (P < 0.01) in total alkaloid
contents of the L. albus seeds collected from the two sites.
All the traditional processing methods reduced the total
alkaloid content of the raw seed from both sampling sites.
RSWD, RSKD, BSWD, BSKD, GWD and GKD have
reduced the total alkaloid content by 65 %, 71 %, 52 %, 59
%, 33 % and 40 % respectively from the raw seed. Similar
reduction was observed in the raw seed from Tilili site with
same processing techniques. However, germination
showed the least reduction in the total alkaloid contents of
the raw seeds from both sites (Table 1, 2 and 3).
Mineral Composition
The mineral contents of the raw L. albus L. collected from
Dangla and Tilili sites are reported in Table 1. The contents
of iron, zinc and magnesium were significantly different in
the two sites at P < 0.01, P < 0.01 and P < 0.05 respectively,
while there was no significant difference in manganese
content. Moreover, the hull size and total alkaloid contents
of the seeds from the two sites have shown significant
differences at P < 0.01. Manganese was the highest in
composition compared with the other minerals in the raw
seed from both sites.
The effect of the traditional processing on the mineral and
total alkaloid content of seeds from the Dangla site is

reported in Table 2. The iron content in all the processing
methods was reduced (P < 0.01) by (14-39) % from the raw
seed. The highest reduction was observed by the
treatments Germinated Whole seed from Dangla (GWD)
and Germinated Kernel from Dangla (GKD) by 27 % and 39
% respectively. Similarly, manganese content in the raw
seed was reduced due to treatments Roasted then Soaked
Whole seed from Dangla (RSWD), Roasted then Soaked
Kernel from Dangla (RSKD), Boiled then Soaked Whole
seed from Dangla (BSWD) and Boiled then Soaked Kernel
from Dangla (BSKD) by 16 %, 22 %, 5 % and 10 %
respectively. In contrast, significant highest increment in
zinc content was observed in RSWD, RSKD, BSWD and
BSKD by 702 %, 736 %, 1444 % and 994 % respectively.
Total alkaloid content was reduced significantly in all the
processing methods in order of RSKD, RSWD, BSKD,
BSWD, GKD, GWD by 71 %, 65 %, 59 %, 52 %, 40 % and
33 % respectively (P < 0.01).
The iron content in the raw seed collected from Tilili site was
significantly reduced (P < 0.01) due to the treatments
Roasted then Soaked Whole seed from Tilili (RSWT),
Roasted then Soaked Kernel from Tilili (RSKT), Boiled then
Soaked Whole seed from Tilili (BSWT), Boiled then Soaked
Kernel from Tilili (BSKT), Germinated Whole seed from Tilili
(GWT) and Germinated Kernel from Tilili (GKT) by 16 %, 30
%, 59 %, 47 %, 27 % and 39 % respectively. Upon the same
treatments manganese and magnesium contents were
reduced from the value in the raw seed. In contrast, zinc
content was increased upon all the treatments. The total
alkaloid content in the raw seed collected from Tilili site was
reduced by 70 %, 65 %, 60 %, 53 %, 40 % and 32 % due to
treatments RSKT, RSWT, BSKT, BSWT, GKT and GWT
respectively (Table 3).
In this study, there was a significant effect of sampling site
in total alkaloids, zinc, manganese and magnesium
contents at P < 0.001, while for iron content at P < 0.05.
Similarly due to the processing methods there was a
significant difference in the contents of each parameter
tested at P < 0.001 from the raw seeds. Moreover, there was
processing x sampling site interaction effect on total
alkaloid, iron, zinc, manganese contents at P < 0.001, while
for magnesium content at P < 0.01 (Table 4).
Fatty Acid Profile
The oil extracted from the raw L. albus collected from
Dangla site was composed of 10.6 % saturated and 75.5 %
of unsaturated fatty acids. Similarly, the oil extracted from
the Tilili seed has 75.31 % unsaturated and 15.2 %
saturated fatty acids (Table 5). The major fatty acids
detected from both sites were myristic acid (C14:0), palmitic
acid (C16:0), linoleic acid (C18:2, n-6), oleic acid (C18:1, n9), C18:0 and C20:0. In both cases the amount of
unsaturated fatty acids was higher than that of the saturated
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Table 1 Effect of site on iron, zinc, manganese, magnesium, total alkaloid and hull size of raw Lupinus albus L. grown in
Ethiopia

Minerals
Iron
Zinc
Manganese
Magnesium
Total alkaloid
Hull size

Raw L. albus from Dangla
6.01 + 0.11b
2.11 + 0.02a
58.42 + 0.70
8.93 + 0.19b
2.46 + 0.02a
16.22 + 0.39b

Raw L. albus from Tilili
6.73 + 0.01a
1.81 + 0.00b
59.14 + 0.36
9.46 + 0.08a
2.26 + 0.01b
19.30 + 0.24a

SL
**
**
NS
*
**
**

Table 2 Effect of traditional processing on the contents of iron, zinc, manganese, magnesium and total alkaloid
contents of Lupinus albus L. collected from Dangla and Tilili sites
Processing

Sampling site

Total alkaloid

RG

Dangla site

2.46 + 0.02a

6.01 + 0.19b

Tilili site

2.26 + 0.01b

Dangla site

RSW

RSK

BSW

BSK

GW

GK

Main effects

Interaction

Iron

Zinc

Manganese

Magnesium

2.11 + 0.04i

58.43 + 1.22b

8.93 + 0.32b, c

6.73 + 0.02a

1.81 + 0.00j

59.14 + 0.62b

9.46 + 0.14a

0.84 + 0.00k

5.04 + 0.04d, e

16.92 + 0.13d

49.07 + 0.51e

8.57+ 0.07d

Tilili site

0.79 + 0.02k

5.64 + 0.22c

15.59 + 0.56e

44.62+ 1.29f

9.08 + 0.08b

Dangla site

0.71 + 0.00l

4.23 + 0.11f, g

17.63 + 0.09c

45.51 + 0.11f

8.51 + 0.08d

Tilili site

0.67 + 0.00l

4.74 + 0.21e

2.14 + 0.13i

39.01+ 1.41g

8.41+ 0.05d

Dangla site

1.19 + 0.01g

4.95 + 0.17d, e

22.57+ 0.09b

55.41 + 0.24c

8.04 + 0.16e

Tilili site

1.07 + 0.02h

2.74 + 0.13i

2.59+ 0.02g, h

46.36 + 0.26f

8.52 + 0.03d

Dangla site

1.00 + 0.02i

5.17 + 0.19d

23.10 + 0.01a

52.70 + 1.66d

7.95+ 0.17e

Tilili site

0.89 + 0.01j

3.58 + 0.18h

2.88 + 0.05f, g

46.81 + 1.34e, f

8.43 + 0.02d

Dangla site

1.65 + 0.02c

4.39 + 0.02f

2.41 + 0.16h, i

59.29 + 1.95b

8.82 + 0.12c

Tilili site

1.54 + 0.03d

4.92 + 0.28d, e

3.13 + 0.12f

60.86 + 0.09a, b

9.34 + 0.00a

Dangla site

1.48 + 0.02e

3.64 + 0.27h

2.93 + 0.15f

62.54+ 0.59a

8.53 + 0.08d

Tilili site

1.39 + 0.01f

4.07 + 0.15g

3.08 + 0.09f

62.12 + 4.13a

9.04 + 0.18b, c

Site

***

*

***

***

***

Processing

***

***

***

***

***

Processing x Site1

***

***

***

***

**

Values are in mg/ 100gm dry weight (DW) for mineral analysis and gm/100gm for the total alkaloid
Means in the same row with different superscripts in differ significantly; * = P < 0.05, ** = P < 0.01; *** = P < 0.001
RGD: Raw Gibto Dangla (Lupinus albus L.), RSWD: Roasted then Soaked Whole seed Dangla, RSKD: Roasted then
Soaked Kernel Dangla, BSWD: Boiled then Soaked Whole seed Dangla, BSKD: Boiled then Soaked Kernel Dangla,
GWD: Germinated Whole seed Dangla, GKD: Germinated Kernel Dangla
RGT: Raw Gibto Tilili (Lupinus albus L.), RSWT: Roasted then Soaked Whole seed Tilili, RSKT: Roasted then
Soaked Kernel Tilili, BSWT: Boiled then Soaked Whole seed Tilili, BSKT: Boiled then Soaked Kernel Tilili,
GWT: Germinated Whole seed GKT: Germinated Kernel Tilili
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Table 3 Fatty acid profile of raw and processed Lupinus albus L. seeds grown in Ethiopia
Type of sample

C 14:0

C 16:0

C 18:2 (n-6)

C 18:1 (n-9)

C 18:0

C 20:0

Sum SFA

Sum UFA

RGD

0.50

6.90

16.20

59.30

2.00

1.20

10.60

75.50

RSWD

1.90

7.10

15.80

60.41

1.90

5.00

15.90

76.21

RSKD

0.40

7.20

15.90

61.40

2.00

1.20

10.80

77.30

BSWD

0.00

6.30

14.90

60.00

2.00

1.40

9.70

74.90

BSKD

0.00

7.00

16.00

61.40

2.00

1.20

10.20

77.40

GWD

0.00

5.70

22.22

55.70

1.50

1.40

8.60

77.92

GKD

1.10

5.40

19.60

54.20

1.40

1.10

9.00

73.80

RGT

0.00

6.30

14.60

59.80

2.00

1.40

9.70

74.40

RSWT

1.84

6.92

15.64

59.67

1.75

4.65

15.20

75.31

RSKT

0.38

6.67

14.76

60.09

1.87

0.98

9.90

74.85

BSWT

0.40

6.60

14.90

61.00

2.00

1.30

10.30

75.90

BSKT

0.00

5.40

12.00

41.50

8.50

0.90

14.80

53.50

GWT

3.00

5.70

19.30

55.10

2.10

1.40

12.20

74.40

GKT

0.00

5.80

20.70

56.70

1.60

1.30

8.70

77.40

fatty acids as reported in Table 5. In both sampling sites in
the raw L. albus seed C18:1 (59 %) was the predominant
fatty acid. Among the essential fatty acids the seed was
consisted of linoleic acid (C18:2, n-6) 16.2 % and 14.60 %
in the Dangla and Tilili samples respectively.

which facilitated the removal of alkaloids as shown in Table
2, 3 and 4. However, in the case of germination since there
was no heat treatment, the permeability of the hull was not
effective for effective alkaloid removal.
Iron

DISCUSSION
Total alkaloids
All the treatments on L. albus seeds from both sampling
sites reduced the total alkaloid content. Since alkaloids are
water-soluble, soaking in water can easily remove it from
the whole seed. This depends on the type of soaking
solution and permeability of the cell wall (hull) (JimenezMartinez et al., 2003). Therefore, using traditional ways of
processing (roasting and boiling), it is possible to increase
permeability of the hull to facilitate alkaloid removal
(Getachew et al., 2012). Adewusi and Falade (1996) also
reported improvement in the hull permeability of the raw L.
albus after thermal and soaking treatment. In fact in the
present study, de-hulling led to a significant reduction in the
total alkaloid than whole seed in all the processing methods.
This might indicate the presence of alkaloids in the hulls as
well. In roasting and boiling treatments, the hull is damaged,

For different cultivars of raw L. albus, iron content was
reported to be in the range of 3.5-7.7 mg/ 100 gm (Trugo et
al., 1992 and EHNRI, 1997), which is similar to the results
of the present study. In both sample types, soaking after
roasting and boiling and germination reduced the iron
content by (14-29) % (Table 2 and 3). In another study, it
was reported that except for sodium, all the minerals
analyzed including iron were reduced by soaking of raw
seeds in NaHCO3 solution (Abu-Samaha 1983 and ElAdawy et al., 2000). The reduction of minerals by soaking
might be due to the loss of water soluble minerals by the
steeping medium and the rinsing process (Bau et al., 1999).
Zinc
The zinc concentration due to treatments was increased
compared to the raw seed (Table 2 and 3). Similar findings
were reported by Varriano-Mariston and E-Omana (1979).
In addition, El-Adawy et al. (2000) has reported an increase
in zinc concentration in L. albus seeds soaked in 0.5 %
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NaHCO3. It should be noted that mineral contents of
processed samples depend on the type of soaking solution.
For example, El-Adawy et al. (2000) revealed that when the
soaking solution was NaHCO3, except for sodium, the
values of all the analyzed minerals were reduced. The
soaking solution in our study was tap water, which is flows
through zinc coated pipe lines. Therefore, the observed
increment in the zinc content might arise from contamination
from the tap water. Hence further investigation using zinc
free medium to clarify the increment of zinc due to traditional
processing is needed. Meanwhile, among all the treatments,
germination showed the least increment in zinc content.
This might be an additional indication of less permeability of
the seed hull due to germination.
Manganese
There was no significant difference in the manganese
content between the two cultivars. The range for
manganese content of different cultivars of raw L. albus was
previously reported to be within 61-327 mg/ 100gm (Trugo
et al., 1992), which is higher compared to the values in the
present study. In contrast, El-Adawy et al. (2000) has
reported lower content of manganese (10.8 mg/ 100gm) for
raw seeds. The upper limit of safe intake of manganese for
human consumption is 5 mg/ day (National Research
Council, 1989). If we assume intake of 10 gm lupin per day,
the manganese content per consumption will be 5.8 mg and
5.9 mg from the seeds collected from Dangla and Tilili
respectively. However, the traditional processing
techniques significantly reduced the manganese content to
safe intake level from the raw seed except GW and GK.
Similarly, a reduction in manganese content in L. albus
soaked in NaHCO3 solution was reported by El-Adawy et
al. (2000). This might be attributed to the increase in
permeability of the hull, which might enhanced internal
process of leaching in the soaking solution (JimenezMartinez et al., 2003).
Magnesium
The magnesium contents of the Dangla and Tilili cultivars
were different (Table 1). Compared with the other minerals
a slight reduction in the magnesium content was observed
due to the traditional processing techniques (Table 2, 3 and
4).
As discussed above most of the minerals studied were
reduced due to the processing methods applied. In fact, in
our previous study the crude ash content was also reduced
due to similar treatments (Getachew et al., 2012). This may
entail that most of the inorganic materials including minerals
have been washed out with the soaking solution. On the
other hand, these treatments were effective in reducing the
alkaloid contents from the raw seed, which makes it
mandatory to apply. Therefore, one can augment the loss of
the iron and magnesium to meet the Required Daily Amount
(RDA), either by increasing the quantity of L. albus
consumption or complementing it with other food sources.
Fatty Acid Profile

The major fatty acids detected from the Dangla and Tilili
cultivars were C14:0, C16:0, C18:2 (n-6), C18:1 (n-9),
C18:0 and C20:0. In Uzun et al. (2006), the major saturated
fatty acids in raw L. albus seeds were arachidic acid (C20:0,
3.5 %), (C16:0, 7.6-10 %) and (C18:0, 1.5 %) and the
unsaturated fatty acids included (C18:2 (n-6), 20.3 %) and
(C18:1 (n-9), 47.65 %). The C18:1 (n-9) content in Uzun et
al. (2006) is comparable with the values in our study, while
the C18:2 (n-6) and C16:0 contents in both sample types
were lower. Similar results were reported by Petterson
(1998) and Mulayim et al. (2002). As cited in Erbas et al.
(2005) and Nas et al. (1992) the fatty acid composition of
L. albus oil resembles that of peanut and rapeseed oil, but
does not contain any erusic acid (C22:1, n-9). The effect of
each treatment on the content of the fatty acids is discussed
below.
Linoleic acid (C18:2, n-6)
There was a significant difference between the two samples
in the percentage C18:2 content. Germination increased the
C18:2 content by 27 % and 17 %, respectively in GWD and
GKD. Also GWT and GKT have increased the percentage
of C18:2 by 24 % and 29 %, respectively (Table 5). Similarly,
Mital et al. (2012) has reported that germination resulted in
48.42 % increase in linoleic acid. The increase in C18:2
content due to germination might be related with the plant
lipoxygenases activities. Linolenic acid acts as substrate
during the activity of lipoxygenase. Meanwhile C18:2
(Linoleic acid), a polyunsaturated fatty acid is resistant to
the attack of lipoxygenase and does not get affected. The
more double bonds the chain has in the cis- configuration,
the less flexibility it has (Vasishta and Srivastava, 2012).
Oleic acid (C18:1, n-9)
There was no significant difference between the two
samples in C18:1 content. In both samples, RSW,
apparently which reduced the alkaloid content effectively,
increased the C18:1 content in the range 1-3 %. In contrast,
germination has reduced the C18:1 content in both cultivars
by 5-9 % from the raw seeed. This reduction might be
attributed to the reduction of the crude fat due to growth of
the seed upon germination. This might also reduce the
contents of some of the major fatty acids like C18:1. Also
the lipoxygenase activity might target fatty acids like oleic
acid, which will reduce the amount (Vasishta and
Srivastava, 2012).
Myristic acid (C14:0)
There was no difference between the two raw lupin samples
in C14:0 and C14:0 (Table 5).
Palmitic acid (C16:0)
There was no significant difference between the two lupin
samples in the percentage of C16:0 content. Treatments
GWD and GKD has reduced the C16:0 content by 21 % and
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27 %, respectively. In the Tilili cultivar germination reduced
the C16:0 content by 10 % and 8 %, respectively in GWT
and GKT. Upon germination the reduction in some of the
fatty acids might be due to the reduction of the crude fat
content on germination from the raw seed. This might be
due to the growth of the seed, which needs protein. For the
synthesis of protein the primary energy sources are lipids
and carbohydrates. So, as the seed germinates the lipids
will be utilized as energy source, which will reduce the crude
fat content (Bau et al., 1999). Drastic reduction in palmitic
acid has also been reported in soybean during later stages
of germination (Vasishta and Srivastava, 2012).
Stearic acid (C18:0)
Among all the treatments on Dangla lupin sample,
germination has reduced the C18:0 content by 25 % and 30
% in GWD and GKD treatments, respectively. In the Tilili
cultivar, BSKT has shown the highest increment in the
C18:0 content by 76 %, while GKT reduced it by 25 %. This
reduction in stearic acid due to germination might arise from
the same reason mentioned for C16:0 and C18:1.
Arachidic acid (C 20:0)
There is no significant difference between the two cultivars
in C20:0 content. The effective treatments in reducing the
alkaloid, roasting then soaking in both sample types
increased the C20:0 content by 76 % and 42 % from raw
seed, respectively.
CONCLUSIONS
The traditional ways of soaking after roasting and boiling of
L. albus seeds are recommended processing methods
which results minimal loss of nutrients and effective
reduction of alkaloids. Also these processes provided
increased amounts of unsaturated fatty acids, while the
saturated fatty acids amount was reduced.
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