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Abstract

Protein isolates were prepared from both sweet and bitter lupin seed flours by two different methods, i.e. by alkaline water
extraction/isoelectric precipitation (P1) and by micellisation (MI), and studied with regard to nutritional quality and functional

properties. Protein solubility of both lupin seed flours was increased as sodium chloride concentration increased up to 1.0 M, then
decreased. The minimum protein solubility of bitter lupin seed flour was quite sharp at pH 4.5, while it exhibited a broad pH range
of 4.3–4.9 for sweet lupin seed flour. No significant (P<0.05) differences were found between any isolates in their dry matter, fiber,
lipids and moisture contents. Isolates-PI from both sources had significantly (P<0.05) higher crude protein and ash contents than
their isolates-MI. Bitter and sweet isolates-PI had lower values of total essential amino acids and higher values of tyrosine, pheny-
lalanine, threonine, tryptophan and valine than isolates-MI. There was no significant (P>0.05) difference between bitter isolates in

their alkaloid contents, while both sweet lupin isolates were free of total alkaloids. Bitter lupin isolate-PI had significantly (P<0.05)
lower tannins, but sweet lupin isolate-MI had a significantly (P<0.05) higher phytic acid content than other isolates. Isolates-MI
from both sources had higher chemical scores than their isolates-PI. The first and second limiting amino acids were total sulfur
amino acids and valine, respectively, for all types of isolates. Sweet lupin isolate-MI had a higher essential amino acid index and

protein efficiency ratio than other isolates. The protein solubility index, fat absorption and emulsification capacities of both isolates-
MI were significantly (P<0.05) higher than their isolates-PI. Both sweet lupin isolates had significantly (P<0.05) higher water
absorption capacity than bitter lupin isolates. Sweet lupin isolate-MI had significantly (P<0.05) higher foam capacity and foam
stability than other lupin isolates. # 2001 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Lupin is a valuable ancient leguminous plant, which
grows well in different soils and climates. It has been
used as food by people around the Mediterranean area
and by those living in the Andean highlands (Morrow,
1991; Dervas, Doxastakis, Hadjisavva-Zinoviadi, &
Triantaafillakos, 1999). The main interest in lupin for
foods is related to its high content of protein which is
considered as a good source of lysine and generally poor
in the sulfur-containing amino acids (Lampart-Szczapa,
1996).
The main antinutritional substances are various alka-

loids of the quinolizidine group (Mohamed & Rayas-
Duarte, 1995). Many lupin varieties have high levels of
alkaloids (bitter tasting compounds) that make the seed

unpalatable and sometimes toxic. Lupin alkaloids have
been removed from the seed by boiling for 30 min, then
steeping in running water for 3 days (Rahma & Nar-
asinga Rao, 1984). Also, the production of protein iso-
lates can overcome this problem because alkaloids are
water-soluble and would be removed during prepara-
tion of the isolates, which can be used as functional
ingredients in human food (Sousa, Morgan, Mitchell,
Harding, & Hill, 1996). However, German plant bree-
ders produced alkaloid-free lupin (sweet lupin), which
can be directly consumed by humans (Hudson, 1979).
Sweet lupin could be used as a source of protein, which
is especially lower in antinutrional factors and would
not need to be heat-treated since trypsin inhibitors and
haemagglutinins are practically absent (Chango, Vil-
laume, Bau, Schwertz, Nicolas, & Mejean, 1998).
Functional properties of any protein material are very

important in food applications. Functional properties of
several different species of Lupinus have been reported.
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Sosulski, Chakraborty, and Humbert (1978) and Sathe,
Deshpande, and Salunkhe (1982) studied the emulsify-
ing and solubility properties of protein isolates prepared
from lupin seed flour. Sosulski and Youngs (1979)
mentioned that the protein concentrates and isolates
from lupins have potential as an additional source of
protein for human nutrition. Lupin protein has a high
nutritive value if supplemented with methionine and
could replace soy concentrate in countries where soy-
bean must be imported (Ruiz & Hove, 1976).
The interest in utilisation of lupin has increased

worldwide, with Australia emerging as a major advo-
cate. New markets in Australia for lupins are now being
considered for human foods as well as animal feed
(Hough & Jacobs, 1994). Also, products containing full-
fat toasted lupin flour are now on sale in Belgium, Hol-
land and Germany (Feidheim, 1998).
This paper studies the chemical composition, nutri-

tional quality and functional properties of sweet and
bitter lupin seed protein isolates prepared by alkaline
water extraction/isoelectric precipitation (PI) and by
micellisation (MI).

2. Materials and methods

2.1. Materials

Lupin seeds of both varieties, bitter (Lupinus termis)
and sweet (Lupinus albus), were obtained from the local
market at Shibin El-Kom City, Egypt. The seeds were
cleaned and rendered free of dust, then stored in poly-
ethylene bags in the refrigerator until used.

2.2. Methods

2.2.1. Preparation of lupin seed flours
Lupin seeds were crushed, using a household mill

(Braun, Germany), then defatted by soaking in n-hex-
ane for 48 h with several changes of the solvent. The
defatted flour was air-dried at room temperature
(�25�C) and ground again to pass through a 60-mesh
(British Standard Screen) sieve. The fine flour of each
seed variety was then used for preparing protein iso-
lates.

2.2.2. Preparation of protein isolates by alkaline water
extraction/isoelectric precipitation (isolate-PI)
One kg of flour was suspended in 10 l distilled water

containing 0.25% Na2SO3, then adjust to pH 9.0 using
1 M NaOH. The suspension was stirred for 1 h at room
temperature, then centrifuged at 3000 � g for 30 min. In
order to obtain higher yields, the extraction and cen-
trifugation were repeated on the residue. The extracts
were combined and acidified to pH 4.5 for both bitter
and sweet lupin proteins. The precipitate was recovered

by centrifugation at 3000 � g for 30 min, then neu-
tralised by 1.0 M NaOH to pH 7 and washed by dis-
tilled water, several times. The neutralised precipitate
was freeze-dried (Lab Conco Freeze Dry 64312. Kansas,
Missouri), then milled using a household mill (Braun,
Germany) and finally sieved through 60-mesh.

2.2.3. Preparation of protein isolates by micellisation
(isolate-MI)
One kg of lupin seed flour was suspended in 5 l of 1.0

M NaCl solution, then stirred for 2 h at room tempera-
ture. The suspension was centrifuged at 3000 � g for 30
min; then the residue was extracted again as described
above. The combined supernatant was diluted ten-fold
with distilled water and left to stand at 4�C for 18 h.
The supernatant was discarded and the precipitate was
centrifuged at 3000 � g for 30 min. The precipitated
isolate was freeze-dried and treated as mentioned for
isolate-PI.

2.2.4. Chemical composition
Moisture (14.004), fat (14.018), ash (14.006), crude

fiber (14.020) and protein N�6.25 (14.026) were deter-
mined as described by AOAC (1990).

2.2.5. Antinutritional factors
Total tannins were determined colorimetrically as

described in AOAC (1990). Phytic acid was determined
by the method of Wheeler and Ferrel (1971). The alka-
loids were extracted and determined by the method of
Jenkins, Knevel, and Di-Gangi (1967) with slight mod-
ification as described by Ruiz (1978).

2.2.6. Amino acids
Amino acids were determined using a Mikrotechna

AAA 881 automatic amino acid analyser according to
the method of Moore and Stein (1963). Hydrolysis of
the samples was performed in the presence of 6 M HCI
at 110�C for 24 h under a nitrogen atmosphere. Sulfur-
containing amino acids were determined after performic
acid oxidation. Tryptophan was chemically determined
by the method of Miller (1967).

2.2.7. In-vitro protein digestibility and available lysine
This was determined as described by Salgó, Granzler,

and Jecsai (1984) by measuring the change in the sample
solution pH after incubation at 37�C with trypsin-pan-
creatin enzyme mixture for 10 min. Available lysine was
determined by the procedure of Fields (1972) using
2,4,6-trinitrobenzenesulfonic acid.

2.2.8. Biological values
Biological values of lupin protein isolates were deter-

mined on the basis of their amino acid profiles. Chemi-
cal scoring of amino acids was calculated using the
FAO/WHO (1973) reference pattern. Essential Amino
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Acid Index was calculated according to Oser (1959)
using the amino acid composition of the whole egg
protein published by Hidvégi and Békés (1984) as stan-
dard. Protein efficiency ratio (PER) was estimated
according to the following regression equation proposed
by Alsmeyer, Cunningham, and Happich (1974):
PER=�0.468+0.454 (leucine)�0.105 (tyrosine).

2.2.9. Functional properties
Protein solubility of lupin seed flours, as a function of

pH and ionic strength (using sodium chloride at the
concentration range of 0.2 to 2.0 M), was determined
according to the method of King, Aguirre, and Pablo
(1985) and El-Adawy, Rahma, El-Bedawy, and Gafar
(1999), respectively. Protein solubility index of lupin
isolates in distilled water and 1.0 M sodium chloride
solution was determined by the method described by
Rahma and Narasinga Rao (1979). Water and fat
absorption capacities were estimated according to
Sosulski (1962) and Sosuilski, Humbert, Bui, and Jones
(1976), respectively, and expressed as grams of water or
sunflower oil bound per gram isolate. Foam capacity
and foam stability were assessed according to the
method of Lawhon, Rooney, Carter, and Matti (1972)
using 1% protein solution in a Braun blender at 1600
rpm for 5 min. The percentage increases in foam volume
were recorded as foam capacity. The change in volume
of foam, after 15, 30, 45, 60, 90 and 120 min of standing
at room temperature (�30�C), was recorded as foam
stability. Emulsification capacity (milliliter oil/g isolate)
was determined as described by Beuchat, Cherry, and
Quinin (1975).

2.2.10. Statistical analysis
Results are expressed as the mean value�standard

deviation (S.D.) of three separate determinations,
except amino acid contents. The data were statistically
analysed using analysis of variance and least significant
difference according to SAS (1985). Significant differ-
ences were determined at the P<0.05 level.

3. Results and discussion

3.1. Protein solubility of lupin seed flours

Fig. 1 shows the relationship between sodium chloride
concentration and lupin seed flour protein solubility.
There was an increase in protein solubility as sodium
chloride concentration increased up to 1 M, for both
lupin seed flours. However, beyond these concentrations
the protein solubility of both flours was decreased. The
proteins of sweet lupin seed showed the highest solubi-
lity before and after the inflection concentration. Gen-
erally, protein solubility is known to increase with
moderately increasing salt concentrations due to the

salting-in effect and, at a higher salt concentrations, the
protein solubility does not increase, as it is then likely to
undergo salting-out. Therefore, the concentration of 1
M sodium chloride was used as suitable extraction
solution during preparation of sweet and bitter lupin
seed protein isolates by micellisation.
Bitter and sweet lupin seed flours gave a U-shaped

curve in the pH range of 1–12, with a solubility mini-
mum which is similar to many oil seed and legume pro-
teins (Fig. 2). The minimum solubility of bitter seed
flour proteins was quite sharp at pH 4.5 with 17.6%
protein in the solution. Meanwhile, sweet lupin seed
proteins exhibited a broad range of minimum solubility
at a pH range of 4.3–4.9 with 15.1% protein in the
solution. On both sides of the isoelectric pH, the solu-
bility was higher at alkaline pHs than that at acidic pHs
and comparable for both flours. The solubility increased
slowly between pH 9 and 12. Therefore, the pHs 9 and
4.5 were chosen as suitable for future protein extraction
and precipitation, respectively, during preparation of
bitter and sweet lupin protein isolates by alkaline water
extractionlisoelectric precipitation.

3.2. Proximate composition of lupin protein isolates

Table 1 shows the proximate composition of bitter
and sweet lupin protein isolates prepared by alkaline
water extraction/isoelectric precipitation (PI) and by
micellisation (MI). Significant (P<0.05) differences
were observed between protein isolates-MI of bitter and
sweet lupins and their isolates-PI in crude protein, ash

Fig. 1. Effect of sodium chloride concentration on the extracted pro-

tein of bitter and sweet lupin seed flours.
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content and nitrogen free extract. The isolates-PI, of
bitter and sweet lupin, had higher protein contents than
their isolates-MI. Ruiz and Hove (1976) reported that
the protein isolate of L. angustifolius (prepared by
alkaline water extraction/isoelectric precipitation) had
92.5% protein. However, the results obtained were
higher than that reported by Lampart-Szczapa (1996)
for lupin isolate prepared by micellisation. The isolates-
PI of bitter and sweet lupin had significantly (P<0.05)
higher ash contents than their isolates-MI. This could
be due to sodium chloride formation through the

neutralisation process during preparation of protein
isolates by alkaline water extraction/isoelectric pre-
cipitation (PI). Non-significant (P>0.05) differences
were observed among lupin protein isolates in their dry
matter, lipids, fiber and moisture contents. The results
of crude fiber were higher than reported by Millan,
Alaiz, Hernandez, Sanchez, and Bautista (1995) for
lupin isolate prepared by alkaline water extraction/iso-
electric precipitation.

3.3. Amino acids of lupin protein isolates

Amino acid contents of bitter and sweet lupin protein
isolates are presented in Table 2. Total essential amino
acids of bitter and sweet isolates-PI were lower than
their isolate-MI. However, isolates-PI of bitter and
sweet lupin had higher values of tyrosine, phenylala-
nine, threonine, tryptophan and valine than their iso-
lates-MI. The remaining essential amino acids in
isolates-MI (except leucine in sweet isolate-MI) were
higher than in isolate-PI. Compared to the FAO/WHO
(1973) reference pattern, all isolates are rich in leucine,
isoleucine and total aromatic amino acids. In addition,
all isolates had lower total essential amino acids than
FAO/WHO (1973). All isolates are deficient in sulfur-
containing amino acids as are most vegetable proteins.
Meanwhile, isolates-MI of bitter and sweet lupin had
higher sulfur-containing amino acids than isolates-PI by
25%. Lampart-Sczczapa (1996) reported that the pro-
duction of protein isolate by micellisation resulted in
high levels of the sulfur amino acids. Generally, this
study gave data higher than that reported by Millan et
al. (1995) for total amino acids of lupin protein isolate
prepared by alkaline water extraction/isoelectric pre-
cipitation. Glutamic acid, aspartic acid and arginine
were the major non-essential amino acids in all protein
isolate samples. Their percentages ranged from 25.0 to
26.74%, 9.70–10.73 and 8.29–8.95% of the total amino
acids, respectively.

Table 1

Chemical composition of bitter and sweet lupin protein isolates (g/100 g sample)a

Chemical constituents Bitter lupin protein Sweet lupin protein LSD

Isolate-PI Isolate-MI Isolate-PI Isolate-MI

Dry matter 97.07a�0.655 96.84a�0.418 97.55a�0.355 97.42a�0.39 0.736

Crude protein (N�6.25) 91.25b�2.347 87.78a�1.314 91.03b�1.272 88.75a�1.543 1.653

Total ash 1.26b�0.056 1.06a�0.058 1.35b�0.086 1.02a�0.098 0.163

Crude fiber 0.81a�0.110 1.06a�0.168 0.74a�0.104 0.89a�0.047 0.217

Total lipids 0.15a�0.053 0.19a�0.050 0.21a�0.067 0.19a�0.062 0.109

Nitrogen free extractb 3.60a�0.346 6.77c�0.303 4.22b�0.204 6.57c�0.26 0.521

Moisture 2.93a�0.566 3.16a�0.418 2.45a�0.355 2.58a�0.391 0.991

a Means�standard deviation of means of three determinations. Means in the same row with different letters are significantly different (P<0.05).
LSD, Least significant differences; Isolate-PI, Protein isolate prepared by alkaline water extraction/isoelectric precipitation; Isolate-MI, Protein

isolate prepared by micellisation.
b Calculated by difference.

Fig. 2. Effect of different pH on the protein solubility of bitter and

sweet lupin seed flours.
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3.4. Antinutritional factors and in-vitro digestibility of
lupin protein isolates

Antinutritional factors and in-vitro protein digest-
ibility of lupin isolates are shown in Table 3. Non-sig-
nificant (P>0.05) differences were seen between both
bitter lupin isolates in their contents of total alkaloid.
However, both sweet lupin isolates were free of total
alkaloids. Our results agree well with those reported by
Millan et al. (1995); they found that the total alkaloid
contents of bitter lupin isolates prepared by alkaline
water extraction/isoelectric precipitation, were very low
and constituted 0.05%. Generally, the low alkaloids in
both bitter isolates were advantageous as supplements
in some food products, to avoid a bitter taste.

Bitter lupin isolate-PI had significantly (P<0.05)
lower tannin contents than the other isolates, while
sweet lupin isolate-MI had significantly (P<0.05)
higher phytic acid content than the other isolates. Lam-
part-Szczapa (1996) found that phytic acid contents
were 0.63 and 0.89% for protein isolates of sweet lupin
prepared by alkaline water extraction/isoelectric pre-
cipitation and by micellisation, respectively.
A non-significant (P>0.05) difference was found in

in-vitro protein digestibility between sweet and bitter
protein isolates-MI. However, bitter lupin isolate-PI
had significantly (P<0.05) higher in-vitro protein
digestibility than the other isolates. This could be due to
destruction of their tannin contents. Barroga, Laurena,
and Mendoza (1985) reported that the tannins play an

Table 2

Amino acid compositions of bitter and sweet lupin protein isolates (g/16gN)

Amino acid Bitter lupin protein Sweet lupin protein FAO/WHO (1973)

Isolate-PIa Isolate-MIb Isolate-PI Isolate-Ml

Isoleucine 4.34 4.58 4.45 4.75 4.00

Leucine 7.14 7.22 7.41 7.34 7.00

Lysine 4.44 4.68 4.30 4.65 5.50

Cystine 1.04 1.50 1.00 1.59 –

Methionine 0.61 0.61 0.68 0.59 –

Total sulfur amino acids 1.65 2.11 1.68 2.18 3.5

Tyrosine 5.26 5.02 5.47 5.24 –

Phenylalanine 3.68 3.59 3.52 3.47 –

Total aromatic amino acids 8.94 8.61 8.99 8.71 6.00

Threonine 3.53 3.47 3.45 3.42 4.00

Tryptophan 0.79 0.76 0.88 0.74 1.00

Valine 3.82 3.45 3.89 3.50 5.00

Total essential amino acids 34.56 34.88 35.05 35.29 36.00

Histidine 3.18 3.12 3.21 3.14 –

Arginine 8.31 8.87 8.29 8.95 –

Aspartic acid 10.62 10.15 10.73 9.70 –

Glutamic acid 26.7 25.0 26.63 25.07 –

Serine 4.77 4.81 5.24 5.18 –

Proline 4.71 5.02 3.66 4.99 –

Glycine 3.36 4.14 3.64 4.00 –

Alanine 3.66 4.02 3.55 3.68 –

Total non-essential amino acids 65.35 65.12 64.95 64.71 –

a Isolate-PI, protein isolate prepared by alkaline water extraction/isoelectric precipitation.
b Isolate-MI, protein isolate prepared by micellisation.

Table 3

Antinutritional factors and in-vitro protein digestibility of bitter and sweet lupin protein isolatea

Materials Antinutritional compounds In-vitro protein

digestibility (%)

Total alkaloids (%) Tannins (%) Phytic acid (%)

Bitter lupin protein isolate-PI 0.09a�0.03 0.32a�0.04 0.18a�0.05 90.8c�0.95

Bitter lupin protein isolate-MI 0.15a�0.05 0.44b�0.05 0.21a�0.06 87.6a�0.98

Sweet lupin protein isolate-PI 0.00 0.42b�0.05 0.21a�0.05 88.8b�0.84

Sweet lupin protein isolate-MI 0.00 0.49b�0.07 0.33b�0.06 86.9a�1.31

LSD 0.06 0.09 0.14 1.18

a Means�standard deviation of means of three determinations. Means in the same column with different letters are significantly different

(P<0.05). LSD, Least significant differences; Isolate-PI, Protein isolate prepared by alkaline water extraction/isoelectric precipitation; Isolate-MI,
Protein isolate prepared by micellisation.
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important role in reduction of protein digestibility of
mung bean flour. The value of in-vitro protein digest-
ibility of sweet lupin isolate-MT confirmed those repor-
ted by Lampart-Szczapa (1996).

3.5. Biological values and available lysine of lupin
protein isolates

The computed biological values and available lysine
of lupin protein isolates are shown in Table 4. On the
basis of chemical score, both lupin isolates-MI had
higher value than isolates-PI. In addition, sweet lupin
isolate-MI had a higher chemical score than the other
isolates. The first and second limiting amino acids were
total sulfur amino acids and valine for all types of iso-
lates, respectively. Generally, these data agree well with
those reported by Millan et al. (1995) for lupin protein
isolate prepared by alkaline water extraction/isoelectric
precipitation. However, the third limiting amino acid
was threonine for sweet lupin isolate-PI; it was trypto-
phan in other isolates. Sweet lupin isolate-MI had a
higher essential amino acid index (MEAAI) than other
isolates, while bitter lupin isolate-PI had the lowest
PER. Generally, chemical score, EAAI and PER values
of sweet lupin isolate-MI were higher than other lupin
protein isolates. This could be due to the intrinsic con-
tent of sweet lupin isolate-MI essential amino acids.
Therefore, it would be interesting to utilise sweet lupin
isolate by blending with legumes and oil seed proteins to
improve its biological values.
Bitter and sweet isolate-MI had significantly

(P<0.05) higher available lysine than their isolates-PI.
Available lysine ranged from 3.9 to 4.15 g/16 g N. The
relatively large amounts of lysine in bitter and sweet
isolates make it a good supplement, especially in food
doughs.

3.6. Functional properties of lupin protein isolates

The functional properties of bitter and sweet lupin
isolates are shown in Table 5 and Fig. 3. The protein
solubility index of both lupin isolates-MI were sig-
nificantly (P<0.05) higher than their isolates PI in 0.1

M NaOH and NaCl. The highest protein solubility was
observed in 0.1 M sodium hydroxide, while the lowest
protein solubility index was in 0.1 M sodium chloride.
This may be due to the method used in preparation of
the isolate. In fact, sodium chloride solubilises albumins
and globulins, while sodium hydroxide extracts albu-
mins, globulins and other protein fractions.
Sweet lupin protein isolates had significantly

(P<0.05) higher water absorption capacities than bitter
lupin isolates. This could be due to exposing a greater
number of water-binding sites during preparation of
sweet lupin protein isolates than bitter lupin protein
isolates. Our results were higher than those reported by
Sathe et al. (1982) for water absorption capacity of
lupin protein concentrate (155 g H2O/100 g sample).
The results may be advantageous for lupin isolates in
some foods, especially comminuted meat and baked
doughs, which require protein with good water absorp-
tion capacity.
Both bitter and sweet lupin isolates-MI had sig-

nificantly (P<0.05) higher fat absorption capacities
than their isolates-PI. The highest fat absorption capa-
city of isolates-MI may be due to alteration of the pro-
tein during isolation, resulting in a structure with more
oil-binding sites. Our results were higher than those
reported by Abdeen (1987), who found that the fat
absorption of lupin isolate prepared by alkaline water
extraction/isoelectnc precipitation ranged from 200 to
221 g oil/100 g isolate. Kinsella (1976) reported that the
ability of proteins to bind fat is an important phenom-
enon since fats act as flavor-retainers and increase the
mouth feel of food.
Bitter and sweet isolates-PI had significantly

(P<0.05) lower emulsification capacities than their iso-
lates-MI. Also, the emulsification capacity of sweet iso-
late-MI was higher (P<0.05) than the other isolates. To
evaluate the emulsification properties of a protein, its
solubility index is usually determined (Kinsella, 1976).
A positive correlation between solubility and the ability
of a protein to emulsify oil has been reported by many
studies (El-Adawy & Khalil, 1994; El-Adawy et al.,
1999). The lupin protein isolate has good emulsification
properties, comparable to other known vegetable

Table 4

Biological values and available lysine of bitter and sweet lupin protein isolatesa

Materials Chemical

score (%)

Limiting amino acids EAAI (%) PER Available lysine

(g/16g N)

First Second Third

Bitter lupin protein isolate-PI 47.14 Met+Cys Valine Tryptophan 56.7 2.22 3.94b

Bitter lupin protein isolate-MI 60.3 Met+Cys Valine Tryptophan 58.2 2.28 4.15a

Sweet lupin protein isolate-PI 48.0 Met+Cys Valine Threonine 58.0 2.32 3.90b

Sweet lupin protein isolate-MI 62.3 Met+Cys Valine Tryptophan 58.7 2.34 4.10a

a Means in the same column with different letters are significantly different (P<0.05). Isolate-PI, protein isolate prepared by alkaline water
extraction/isoelectric precipitation; Isolate-MI, protein isolate prepared by micellisation; EAAI, Essential amino acids index; PER, Protein efficiency

ratio.
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proteins such as soybean. Therefore, its incorporation
into meat products, e.g. minced meat analog, will be of
great interest. This adds another possible use of lupin
protein isolates in food products.
Sweet lupin isolate-MI had significantly (P<0.05)

higher foam capacity than other lupin isolates. This
could be due to the higher protein solubility index.
Deshpande, Rangnekar, Sathe, and Salunkhe (1983)
reported that improved foaming of flours may largely be
due to a higher globulin fraction of their total protein.
Generally, our results agree well with those reported by
Abdeen (1987) for lupin protein isolate prepared by

alkaline water extraction/isoelectric precipitation. This
could be an advantage in using such materials in soft
drinks as a source of protein and it could fit well in
bakery products such as cakes, biscuits and breads.
Fig. 3 shows the foam stability of bitter and sweet

lupin isolates. Foam stability at room temperature
decreased markedly within the first 15 min and then the
decrease was gradual up to 90 min and almost stable
after that. Sweet lupin isolate-MI had the highest foam
stability, followed by bitter isolate-MI then sweet iso-
late-PI and bitter isolate-PI. Our results agree well with
those reported by Abdeen (1987), who found that the
foaming stability of lupin protein isolates decreased
with increasing time, also after 1.5 h of standing, the
foams were less stable. Generally, this decrease may be
due to the collapsing and bursting of the formed air
bubbles.

4. Conclusions

This study reveals that the sweet and bitter lupin
protein isolates prepared by PI and/or by MI were
relatively comparable in their nutritional quality and
functional properties. Therefore, these results suggest
possible use of both sweet and bitter lupin protein iso-
lates as nutrient supplements and as functional agents in
many food systems.
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Fig. 3. Foam stability of bitter and sweet lupin protein isolates.
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