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Abstract

Brassica carinata defatted flour has been used to prepare protein isolates by alkaline extraction and precipitation at low pH.
Different extraction parameters have been tested, and the chemical composition and functional properties of the resulting isolates
have been analyzed. All the isolates had a protein content above 90% and a well balanced amino acid composition according to
FAO standards except for a low content of lysine. The extraction process reduced antinutritional components by more than 90%.
Solubility, water and fat adsorption, emulsifying and foaming properties of the original flour and the isolates have been compared.
In addition, hydrolysis of B. carinata protein during extraction using the endoprotease preparation Alcalase was performed, and
functional properties of hydrolysates with low and high degrees of hydrolysis were studied and compared with those of the original

isolates.
© 2004 Published by Elsevier Ltd.

Keywords: Brassica carinata; Protein isolates; Chemical composition; Functional properties; Antinutritional components

1. Introduction

Plants belonging to the genus Brassica are of great
economic and nutritional importance and include crops
widely used for oil extraction. Brassica oil production
occupies the fourth position in volume in the world after
soybean oil, palm seed oil, and cottonseed oil, and it is
the most important oilseed crop in Europe (FAO, 2002).
The defatted meal that is left after oil extraction is rich
in protein, although its use for human nutrition presents
some problems because it also contains antinutritional
components such as glucosinolates and phytates, and a
high cellulose content. For this reason, the Brassica
defatted meal is only used for animal feeding and as an
organic fertilizer (Duncan, 1991; Liener, 1989).

Brassica carinata (Ethiopian mustard) is related to
rapeseed (B. napus) and originated from a cross between
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B. nigra and B. oleracea. B. carinata seeds are consumed
in Ethiopia but they have not developed as an oil seed
crop elsewhere despite the continued search for cheaper
sources of edible and industrial oils. Recently, countries
like Spain, Greece, and Italy, with regions characterized
by semi-arid climates, are showing interest in the ex-
ploitation of this crop for production of biodiesel and
solid biomass. In addition, the defatted meal that is left
after oil extraction may constitute an important protein
source for human nutrition thereby increasing the value
of B. carinata crops.

Protein isolates (PI) are frequently prepared from
defatted meals by solubilization of proteins in alkaline
media and precipitation at the isoelectric point. This
protocol allows for separation of proteins from non-
protein components such as sugars, fiber, and antinu-
tritional chemicals (Ferndandez-Quintela, Larralde,
Macarulla, Marcos, & Martinez, 1993). However, the
high temperatures and organic solvents used during
the process of oil extraction cause denaturation of
proteins, which reduces protein solubility and extrac-
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tion yields. In addition, a reduced solubility impairs
other functional properties since solubility determines
many other functional properties. The functional
properties of proteins can be improved by modification
in order to facilitate their use in nutritional, medical,
and cosmetic applications. This includes proteolytic
treatments to produce protein hydrolysates with a de-
gree of hydrolysis of less than 10%, which may result in
improved functional properties (Krause & Schwenke,
1995; Mannheim & Cheryan, 1992; Siile, Tomoskozi, &
Hajos, 1998). The goal of this work was to obtain and
characterize PI and hydrolysates using B. carinata de-
fatted meal, and to determine their potential as food
ingredients by studying their chemical composition and
functional properties.

2. Materials and methods
2.1. Materials

B. carinata brown-seeds were a gift from Koipesol
Semillas, S.A. (Sevilla, Spain). The seeds were ground
and extracted with hexane in a soxhlet extractor for 9 h.
The resulting defatted flour was used as the starting
material for preparing PI. Protease, amiloglucosidase
and o-amylase were purchased from Sigma (St. Louis,
MO, USA). All other chemicals were of analytical
grade.

2.2. Analytical methods

Moisture, ash and nitrogen contents were determined
using AOAC, 1990 approved methods. Total fiber was
determined according to the procedure described by
Lee, Prosky, and Vries (1992). Soluble sugars and po-
lyphenols were measured using standard curves of glu-
cose (Dubois, Gilles, Hamilton, Rebers, & Smith, 1956)
and chlorogenic acid (Moores, McDermott, & Wood,
1948), respectively. Glucosinolates were determined ac-
cording to the methods described by Minchinton, Sang,
Burke, and Truscott (1982). Phityc acid was determined
according to Frithbeck, Alonso, Marzo, and Santidrian
(1995).

2.3. Determination of the isoelectric point (IEP)

For determination of the IEP, 15 g of B. carinata
defatted flour were extracted twice with 300 ml 0.2%
NaOH and centrifuged at 8000 rpm for 20 min. Aliquots
(40 ml) of the supernatant were titrated with 0.5 N HCI
to various pH values, ranging from 2.5 to 6.5, and
precipitates were separated by centrifugation as above.
Percentages of soluble nitrogen in the supernatants in
relation to the total nitrogen extracted were plotted vs.
pH to determine the IEP.

2.4. Preparation of protein isolates

B. carinata defatted flour (20 g) was extracted by
stirring for 1 h in 200 ml water at pH 10, 11, or 12.
After centrifugation at 8000 rpm for 15 min, an ad-
ditional extraction was carried out for another hour
with half the volume of alkaline solutions. Superna-
tants were pooled and analyzed for nitrogen content.
Pellets were dried in an oven at 50 °C, weighed and
analyzed for nitrogen content. The pH of the protein
extracts was adjusted to 5 and after centrifugation, the
pH of the supernatant was adjusted to 3.5 followed by
centrifugation. Centrifugation was performed as
described above. The precipitates were mixed and
freeze-dried.

2.5. Gel filtration chromatography

Lyophilized samples (1 g) were dissolved in 10 ml 0.1
M sodium borate, 0.2 M sodium chloride buffer pH 8.3.
Gel filtration was carried out in an FPLC system
equipped with a Superose 12 HR 10/30 column from
Pharmacia LKB Biotechnology. Volume injection and
concentration of the samples were 200 pl and 1.6 mg
protein/ml, respectively. Elution was carried out using
the same buffer at a flow of 0.4 mlmin~'. Elution was
monitored at 280 nm. The approximate molecular
masses were determined using blue dextran 2000 (2000
kDa), B-amylase (200 kDa), bovine serum albumin (67
kDa) and ribonuclease A (13.7 kDa) as molecular
weight standards.

2.6. Amino acid analysis

Samples containing 2 mg of protein were hydrolyzed
using 6 N HCI at 110 °C for 24 h under inert nitrogen
atmosphere and derivatized with diethyl ethoxymethyl-
enemalonate. Amino acids were analyzed by reversed-
phase  high-performance liquid chromatography
(HPLC) using bD,L-o-aminobutyric acid as internal
standard as described (Alaiz, Navarro, Giron, & Vio-
que, 1992). Tryptophan was analyzed by HPLC after
basic hydrolysis according to Yust, Pedroche, Girdén-
Calle, Vioque, Millan, and Alaiz (2004).

2.7. Determination of functional properties

2.7.1. Water adsorption

This was determined using the method of Sosulski
(1962). Samples (3 g) were mixed with 25 ml of water
and stirred six times for 1 min at 10 min intervals. The
mixtures were centrifuged at 3000 rpm for 25 min, and
supernatants were removed. Pellets were dried at 50 °C
for 25 min and weighed. Water adsorption capacity was
expressed as the number of grams of water retained by
100 g of material.
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2.7.2. Fat adsorption

For determination of fat adsorption the method of
Lin, Humbert, and Sosulski (1974) was used. Samples
(0.5 g) were mixed with 6 ml of soy oil. After 30 min the
mixtures were centrifuged at 3700g for 25 min and the
volume of the supernatants was weighed. Oil adsorption
capacity was expressed as the number of grams of oil
retained by 100 g of material.

2.8. Emulsifying activity and stability

Emulsifying activity was determined according to
Naczk, Diosady, and Rubin (1985) with modifications.
Samples (3.5 g) were homogenized for 30 s in 50 ml
water using a model A Polytron homogenizer (Brink-
mann, Wesbury, NY) at setting 6 (approximately 10,000
rpm). Canola oil (25 ml) was added, and the mixture was
homogenized again for 30 s. Another 25 ml of canola oil
were added, and the mixture was homogenized for 90 s.
The emulsion was divided into two 50 ml aliquots and
centrifuged at 1100g for 5 min. Emulsifying activity was
calculated by dividing the volume of the emulsified layer
by the volume of emulsion before centrifugation at
1100g. The emulsion stability was determined using
similar samples as for measurement of emulsifying ac-
tivity. They were heated for 15 min at 85 °C according to
the procedure of Naczk et al. (1985), and after temper-
ature came back to room temperature they were divided
into two 50 ml aliquots and centrifuged at 1100g for 5
min. The emulsion stability was expressed as the per-
centage of emulsifying activity remaining after heating.

2.9. Foaming capacity and stability

Foaming capacity and foam stability were determined
by the method of Lin et al. (1974). The samples (50 ml of
a 3% dispersion in distilled water) were homogenized
using a model A Polytron homogenizer at a setting of 6
(approximately 10,000 rpm). The mixture was immedi-
ately transferred into a 250 ml graduated cylinder and
the foam volume measured. The foaming capacity was
expressed as the percentage of volume increase. Foam
stability was expressed as foam volume remaining after
20, 40, 60, and 120 min.

2.10. Protein solubility

Samples were dissolved in H,O (5% p/v) and pH was
kept at different values between 2 and 10 using 1 N
NaOH or 1 N HCI while stirring at room temperature
for 1 h. The samples were then centrifuged at 7500 rpm
for 15 min and nitrogen content was determined in the
supernatants. Solubility was expressed as the percentage
of total nitrogen of the original sample present in the
soluble fraction.

2.11. Protein hydrolysis

The procedure for protein hydrolysis was similar to
the procedure for preparation of PI, except that the
commercial protease Alcalase® 2.4 1 (Novo Nordisk,
Bagsvaerd, Denmark) was added during extraction.
After each extraction and before centrifugation at 7500
rpm for 15 min the protein hydrolysates were heated at
85 °C for 10 min to inactivate the enzyme. After that,
the supernatants were collected and stored at —20 °C.
With the goal of optimizing the hydrolytic process dif-
ferent enzyme to substrate ratios and pH settings were
used. The degree of hydrolysis was determined accord-
ing to the method of Adler-Nissen (Adler-Nissen, 1979).

3. Results and discussion
3.1. Preparation of protein isolates

The isoelectric point of the proteins in B. carinata
defatted meal was determined in order to optimize the
production of PI. The lowest protein solubility was
achieved at pH 3.5 and 5 (Fig. 1). These values are in
accordance with the isoelectric points previously de-
scribed for other members of the same family (EI-
Nockrashi, Mukherjee, & Mangold, 1977).

Three different pH values (10, 11 and 12) were tested
for protein extraction of the defatted meal. The nitrogen
balance for both alkaline extraction and isoelectric
precipitation is shown in Table 1. Extraction at pH 12
resulted in a value of extracted nitrogen (close to 80%), a
value higher than those obtained after extraction at pH
11 or 10 (78% and 55%, respectively). Irrespective of pH
used for extraction a similar amount of protein re-
mained soluble during isoelectric precipitation. This
may be due to albumin proteins which are easily ex-
tractable and fairly soluble at acidic pH (Berot, 1996).
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Fig. 1. N-solubility of B. carinata defatted meal as a function of pH.
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Table 1
Nitrogen balance in the production of PI
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pH used in alkaline protein extraction

pH 10 pH 11 pH 12
Extractions First 432428 659+23 63.1+1.5
Second 12.24+0.5 11.7+£0.7 16.1+1.1
Total 55.4+32 77.6+£2.8 79.2+23
Isoelectric precipitation pH 5.0 16.3+0.6 3724 1.1 40.1£0.8
pH 3.5 27+£0.2 74+0.2 10.0£+0.3
Total 19.0 44.6 50.1

Data are expressed as percentage and are the mean + SD of three analyses.

3.2. Chemical characterization of B. carinata defatted
meal and protein isolates

Proteins represent the main component of defatted
meal (Table 2). A high protein content is essential in

order to use this by-product for the production of pro-
tein concentrates, isolates and hydrolysates. The amino
acid composition of the proteins of B. carinata meal is
balanced in all essential amino acids including lysine
(Table 3), although other authors have described varie-

Table 2
Chemical characterization of B. carinata defatted meal and PI
Defatted meal PI pH 10 PI pH 11 PI pH 12

Proteins 389423 92.6+1.7 943+22 91.1+2.5
Ash 52+1.2 1.8+0.3 1.9+0.7 2.3+0.1
Moisture 8.9+0.5 1.34+0.1 1.6 +0.1 2.1+0.2
Glucosinolates S5.1+1.1 0.0 0.0 0.02+2x 1073
Phytic acid 3.1+0.6 0.04+£1x1073 0.03+£1x 1073 0.21+£3x 1072
Fiber 31.8+4.2 0.03+1x1073 0.11+£3x 1072 0.23+3x 1072
Soluble sugars 5.7+£0.7 1.3£0.3 1.3+£04 14+04
Polyphenols 0.3+0.1 0.6+0.3 0.7+0.1 1.3+0.5
Data are the mean + SD of three analyses.

Table 3

Amino acid composition of B. carinata defatted meal and PI

Defatted meal PI pH 10 PI pH 11 PI pH 12 FAO*

Aspartic acid® 8.8+1.1 11.6+1.3 11.2+2.0 11.3+0.9
Glutamic acid® 20.7+0.6 18.1+0.8 18.7+1.8 17.5+2.3
Serine 49+0.5 5.0+0.6 49+0.5 49+0.8
Histidine 2.7+0.3 24+0.5 2.4+0.2 2.54+0.5 1.9
Glycine 55+1.3 5.74+0.9 5.6+0.2 56+1.3
Threonine 4.6+0.7 4.7+0.4 4.6+0.3 4.7+0.7 34
Arginine 8.4+0.8 83+1.6 9.1+0.8 8.9+0.7
Alanine 4.6+0.6 5.0+0.3 5.0+0.5 4.84+0.6
Proline 6.9+2.5 6.1+2.2 6.6+1.8 6.7+£2.1
Tyrosine 2.8+0.3 2.8+0.4 2.6+0.6 29+04 6.3¢
Valine 4.6+04 5.54+0.8 6.0+1.3 49+0.5 3.5
Methionine 1.8+0.6 1.0+0.4 1.5+0.3 1.0+0.3 2.5¢
Cysteine 2.0+1.1 1.84+0.7 24+0.2 1.9+0.6
Isoleucine 3.7+£0.7 4.14+0.6 4.14+04 4.1+0.7 2.8
Leucine 7.24+0.5 8.940.5 7.7+£0.4 85+1.1 6.6
Phenylalanine 44+1.1 52407 4.34+0.7 53+0.7
Lysine 59+1.3 3.84+0.8 33+1.1 4.5+0.6 5.8
Tryptophan 0.6+0.3 0.7+£0.2 0.7+0.1 0.8+0.1

Data expressed as g/100 g protein are the mean & SD of three analyses.

*FAO/WHO/ONU. Energy and protein requirement, 1985.
® Aspartic acid + asparagine.

¢ Glutamic acid + glutamine.

94 Phenylalanine + tyrosine.

¢ Methionine + cysteine.
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ties of B. carinata with a deficit in this amino acid
(Mnzava & Olsson, 1990). The nutritional quality of the
proteins from the Brassica genus has been compared to
casein and is better than other plant proteins such as
soy, sunflower, pea and wheat proteins (Sarwar et al.,
1984).

We found fiber to be the second component in
abundance in B. carinata defatted meal, with a value of
31.8%. This value is higher than those reported by other
authors for the same species (Simbaya, Slominski, Ra-
kow, Campbell, Downey, & Bell, 1995; Sosulski, 1983).
This difference may be related to the color of the seeds,
since brown seeds (as in our case) have a higher con-
centration of condensed polyphenols and lignin than
yellow seeds (Theander, Aman, Miksche, & Yasuda,
1977). High amounts of fiber may influence negatively
protein digestibility (Bell, 1993) and bioavailability of
minerals such as manganese (Kies, Aldrich, Johnson,
Creps, Kowalski, & Wang, 1987) and zinc (Bales,
Freeland-Graves, Lin, Stone, & Dougherty, 1987).

Soluble sugars represent 5.7% of minor components,
similar to the value reported by Simbaya et al. (1995) for
the same species, and also to the values reported by
other authors for other species of the same genus
(Mansour, Dworschak, Lugasi, Gaal, Barna, & Gergely,
1993; Slominski, Campbell, & Guenter, 1994). Reduc-
tion of sugar content is one of the main goals during the
production of protein products because they can have
adverse effects on the functional properties of proteins
as well as on the bioavailability of some amino acids
(Cheftel, 1989). Furthermore, some sugars are respon-
sible of the flatulence observed after the ingestion of
certain foods (Reddy, Salunkhe, & Sathe, 1982).

The presence of glucosinolates is one of the main
characteristics of Brassicaceae. In B. carinata defatted
meal glucosinolates represent 5.1% (127 pumol/g meal).
This value is higher than those observed by Sosulski
(1983) and Mnzava and Olsson (1990). However, Geti-
net, Rakow, and Raney (1996) reported a range between
69.8 and 158.0 pmol/g meal in a study performed in 300
different cultivars in Ethiopia. Glucosinolates and the
products that are released after their hydrolysis are
considered antinutritional factors since they reduce the
availability of iodine (Schone et al., 1990). However, a
protector effect of some of these hydrolytic products
against certain tumors has been recently proposed
(Nastruzzi et al., 2000). The predominant glucosinolate
in B. carinata is sinigrin (Fig. 2). Some authors have
shown the anticancerigenic action of sinigrin (Manson
et al., 1997; Zheng et al., 2002), therefore the residual
presence of glucosinolates in B. carinata protein prod-
ucts could be of great interest.

B. carinata defatted meal has 3.1% phytic acid, which
is consistent with the values reported by Bell (1996) for
the same species and by others for other species of
the same genus (Lajolo, Marquez, Filisetti-Cozzi, &

Sinigrine
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Fig. 2. HPLC analysis of the glucosinolates from B. carinata defatted
meal. IS: internal standard.

McGregor, 1991; Mansour et al., 1993; Zhou, He, Yu, &
Mukherjee, 1990). As glucosinolates, phytic acid has
been traditionally considered an antinutritional factor.
It can form phytic acid—mineral complexes, decreasing
the availability and adsorption of minerals (Gibson,
1994). However, recent investigations have shown that
these compounds are also involved in the prevention of
decalcifications (Gorecka, Lampart-Szczapa, Janitz, &
Sokolowska, 2000; Grases, Prieto, Simonet, & March,
2000) and tumor growth (Vucenik, Tomazic, Fabian, &
Shamsuddin, 1992).

Others minor components present in B. carinata de-
fatted meal are polyphenols. The content that we have
found, 0.3%, is higher than that observed by others,
ranging from 0.15% to 0.2% (Bouchereau, Hamelin,
Lamour, Renard, & Larher, 1991; Matthaus, 2002). The
dark color of the seeds that were used for our experi-
ments indeed suggests a high concentration of po-
lyphenols. Bouchereau et al. (1991) reported that the
main phenol in B. carinata is sinapine, a chemical that
may inhibit digestive proteases (Trevino, 1998). As
glucosinolates and phytic acid, polyphenols may also be
beneficial because they are strong antioxidants
(Matthaus, 2002).

The protein content of the different types of PI that
were prepared was higher than 90%, and all of these
isolates presented a balanced amino acid composition
except for lysine (Table 3). The losses of lysine observed
in PI with respect to the defatted meal may be due to the
losses of albumins, which are rich in lysine, during the
process of preparation of the isolates. It is also possible
that the availability of lysine may be decreased by in-
teractions with glucosinolates (Kroll & Rawel, 1996),
polyphenols (Gassmann, 1983) and phytic acid (Kroll,
1991).

The concentration of minor components traditionally
considered as antinutritional components clearly di-
minished in the isolates with the exception of polyphe-
nols. Considering the yield of protein extraction and the
chemical composition of the PI, a pH value of 11 was
chosen for production of PI from B. carinata defatted
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meal. This pH value provided a higher yield of protein
extraction than pH 10, and at the same time a lower
yield of non-protein compounds than pH 12.

3.3. Functional properties of B. carinata defatted meal
and protein isolates

Solubility is one of the most important characteristics
of proteins because it is not only important by itself, but
it also influences other functional properties. Solubility
of B. carinata meal is low at acidic or neutral pH, and
gradually increases with increasing pH values (Fig. 3).
Although protein is the main component in the meal, the
heterogeneous nature of the meal may facilitate inter-
actions between proteins and other components that can
modify the net charge and hydrophobicity of proteins
affecting protein solubility. The process of oil extraction
may also decrease protein solubility by denaturing these
molecules. Protein solubility at acidic pH is lower in PI
than in the original meal (Fig. 3) because certain pro-
teins soluble at low pH are lost during the preparation
of PI. However, protein solubility at basic pH is higher
in PI because protein solubility in the meal is referred to
total protein, a fraction of which is not extracted.

--+- PlpH 10
— = —PlpH 11
607 ——PIpH12
= 50 —*— Meal

0 T T T T

0 2 4 6 8 10 12 14

Fig. 3. N-solubility of B. carinata meal and PI as a function of pH.

In general, the defatted meal has better functional
properties than the PI (Table 4). The different compo-
nents of the meal are responsible for these functional
properties. Gorecka et al. (2000) observed different
values of water adsorption between the lupine meal and
lupine fiber, the latter showing a higher water adsorp-
tion. Also, the presence of polyphenols might be bene-
ficial because they are involved in the stabilization of
protein—protein complexes of PB-lactoglobuline in the
water—air interface, increasing the foaming capacity and
stability against the action of surfactants (Sarker, Wilde,
& Clark, 1995). In contrast the presence of phytic acid
may have a negative effect. Schwenke, Mothes, Marzil-
ger, Borowska, and Kozlowska (1987) and Kroll (1991)
observed that phytic acid—protein complexes are formed
between pH 3 and 7 in rapeseed, which results in de-
creased protein solubility especially in the globulin
fraction. Functional properties are mostly determined
by proteins in protein isolates, since they have a much
higher protein content than meals. The functional
properties, with the exception of water binding and
relative foam stability deteriorate with increasing pH
values during the process of obtaining the PI. This could
be due to denaturation of proteins at higher pH. The
functional properties of the PI obtained by extraction at
pH 11 and 12 are similar to those reported in rapeseed
PI (Mahajan & Dua, 1995; Mansour, Peredi, &
Dworschak, 1992; Thompson, Liu, & Jones, 1982). Only
PI obtained at pH 10 have functional properties com-
parable to those of the defatted meal.

3.4. Protein extraction with Alcalase

Protein solubility and other functional properties
may be improved by carrying out a limited protein hy-
drolysis. For this reason, B. carinata defatted meal was
partially hydrolyzed during alkaline extraction. Differ-
ent pH values and enzyme to substrate ratios were tested
in order to optimize the yield of protein extraction and
the degree of hydrolysis of the protein extracts. In the
first series of assays an enzyme to substrate ratio (E/S) of

Table 4
Functional properties of B. carinata defatted meal and PI
Meal PI pH 10 PI pH 11 PI pH 12
Water adsorption 255.3+10.2 102.7+6.4 99.0+7.2 102.7+6.5
Fat adsorption 202.2+6.4 340.0+10.2 217.0+12.6 209.7+13.4
Emulsifying activity 75.6 £4.8 70.0£4.2 54.0+4.3 15.0+4.2
Emulsifying stability 49.4+8.2 33.0+£3.6 5.0+2.1 0.0£0.0
Foaming capacity 295.0+9.4 280+6.3 163+7.1 181+4.9
Foaming stability
At 20 min 91.5+4.3 87.0+23 62.5+2.0 66.0 4.2
At 40 min 74.6+3.5 81.0+3.1 523+53 59.5+3.6
At 60 min 65.5+1.3 73.2+£2.5 50.7+4.2 50.6+4.3
At 120 min 56.9+5.4 70.1+1.8 44.6£3.1 482+19

Data are the mean + SD of three analyses.
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Table 5

Extraction yields (soluble N) and degree of hydrolysis obtained in the
protein extracts of B. carinata with (0.108 AU/g protein) or without
Alcalase at different pHs

Extraction yields Degree of hydrolysis

pH 7 - Alcalase 33.5+2.1 0.0
pH 7+ Alcalase 57.5+£1.9 152+1.1
pH 9 - Alcalase 41.6+3.1 0.0
pH 9+ Alcalase 62.1+£3.6 11.6£0.8
pH 10— Alcalase 554+£32 0.0
pH 10 + Alcalase 51.3+2.4 11.5+1.2

Data are the mean + SD of three analyses.

Table 6

Extraction yields (soluble N) and degree of hydrolysis obtained in the
protein extracts of B. carinata with (0.036 AU/g protein) or without
Alcalase at different pHs

Extraction yields  Degree of hydrolysis

pH 7 - Alcalase 33.5+2.1 0.0

pH 7+ Alcalase 48.5+2.6 11.0£1.6
pH 9 — Alcalase 41.6+3.1 0.0

pH 9+ Alcalase 524+1.7 83+1.3

Data are the mean + SD of three analyses.

0.108 AU of Alcalase/g protein and pH 7, 9, and 10 were
tested (Table 5). pH 7 is optimum for the protease
preparation that was used, while pH 10 provides much
better protein solubility. pH 9 was chosen as an inter-
mediate value. The highest degree of hydrolysis (15.2%)
was reached at pH 7, the optimum pH for the enzyme,
while the highest yield of protein extraction was ob-
tained in the presence of Alcalase at pH 9 (62.1%). At
pH 7 and 9 the yield of protein extraction in the presence
of Alcalase is higher than without the enzyme because
the hydrolytic process favors the solubilization of a
higher amount of proteins, specially those denatured
during the oil extraction process.

A second series of assays were performed using an E/
S ratio three times lower than above in order to reduce
the degree of hydrolysis of the protein hydrolysates ex-
tracts while maintaining the yield of protein extracted at

Table 7

pH 7 and 9 (Table 6). The yield of protein extraction in
the presence of Alcalase was 48.5% at pH 7 and 52.4% at
pH 9, while the degrees of hydrolysis were 11.0 and
8.3%, respectively. Lower E/S ratios resulted in lower
yields of protein extraction and lower degrees of hy-
drolysis. The assays performed at pH 9 provided the
highest yield of protein extraction and a degree of hy-
drolysis lower than 10%. Therefore, pH 9 was chosen as
the optimum to produce a B. carinata protein isolate
with limited protein hydrolysis. Fig. 4 shows the yields
of extraction and the degree of hydrolysis of protein
hydrolysates obtained at pH 9 with E/S ratios ranging
from 0.036 AU to 0.72 AU Alcalase/g protein. Both
parameters increased with the E/S ratio. However this
increase is not proportional since an increase of E/S
from 0.072 to 0.36 UA Alcalase/g protein approximately
doubled the degree hydrolysis, from 8.7% to 17.5%, but
the extraction yields remained very similar (from 61.8%
to 68.5%).

Hydrolysates obtained using 0.072 and 0.72 AU Al-
calase/g protein (denoted PH-LDH and PH-HDH re-
spectively) were selected to study functional properties
as compared to the PI (Table 7). 0.72 AU Alcalase/g
protein was chosen because this provided the highest

100 25
235
O 86.4 >
80 Log &
(2]
& 2
= 60 - 15 _g
o Z
5 40 r10 ‘5
o —O—Soluble N (%) °
2 8.3 —e—DH 9]
20 r5 §’
0e 0

0 01 02 03 04 05 06 07 08
E:S relation (AU Alcalase/g protein)

Fig. 4. Extraction yields and degree of hydrolysis at pH 9 using dif-
ferent enzyme to substrate ratio.

Functional properties of B. carinata deffated meal, protein isolate at pH 11, and protein hydrolysates with low (PH-LDH) and high (PH-HDH)

degree of hydrolysis

Deffated meal Protein isolate pH 11 PH-LDH PH-HDH

Water adsorption 255.3+10.2 99.0+£7.2
Fat adsorption 202.2+6.4 217.0+12.6 4182+7.2 494.4+6.9
Emulsifying activity 75.6 4.8 54.0+4.3 60.5+4.2 9.9+2.6
Emulsifying stability 49.4+8.2 5.0+2.1 84.6+3.1 93.8+4.3
Foaming capacity 295.0+9.4 163.0+4.9 310.0+£9.4 141+6.3
Foaming stability

At 20 min 91.5+43 62.5+2.0 58.1+£5.2 37.8+3.8

At 40 min 74.6£3.5 523+53 452443 31.5+4.6

At 60 min 65.5+1.3 50.7+4.2 41.9+3.1 26.0+£5.1

At 120 min 56.9+5.4 44.6+£3.1 25.8+£4.6 14.6+29

Data are the mean + SD of three analyses.
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Fig. 5. Solubility of B. carinata defatted meal, protein isolate produced
by extraction at pH 11 and protein hydrolysates produced in the
presence of 0.072 and 0.72 UA Alcalase/g protein.

yield of protein extraction (86.4%), while using 0.072
AU of Alcalase/g protein resulted in a good yield of
protein extraction (61.8%) and a degree of hydrolysis
lower than 10% (8.7%). As mentioned before, the degree
of hydrolysis determines the functional properties of
protein hydrolysates (Chobert, Bertrand-Harb, & Nic-
olas, 1988; van der Ven, Gruppen, Bont, & Voragen,
2001; Vioque, Sanchez-Vioque, Clemente, Pedroche, &
Millan, 2000). The protein hydrolysate obtained using
0.72 UA of Alcalase/g protein had a very good solubility
in a wide range of pH, from 2 to 12, when compared
with the protein isolate obtained at pH 11 and the
protein hydrolysate with a low degree of hydrolysis
(Fig. 5). However, this improved solubility did not
translate into an improvement of interfacial properties,
probably because the peptides generated are to small to
stabilize the air/water and oil/water interfases. In this
sense, the partially hydrolyzed B. carinata protein ob-
tained using 0.072 UA Alcalase/g protein showed the
best functional properties. Extraction in the presence of
0.72 UA Alcalase/g protein resulted in a protein product
with high fat adsorption. This is probably due to a
higher exposure of the hydrophobic groups of the pro-
tein during the hydrolytic process.

B. carinata has a high potential to be exploited as an
oil seed crop. However, this will lead to the production
of large amounts of defatted meal as a by-product. This
work has focused on developing procedures for the
production of protein products using B. carinata defat-
ted meal. Although the process of oil extraction is to
some extent detrimental to protein quality, alkaline ex-
traction in the presence of Alcalase yields a products
rich in protein and with functional properties that could
be used by the food industry. Different variables in this
procedure have been studied so that the process can be
tailored to meet the needs for different types of protein
isolates/hydrolysates.
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