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ABSTRACT: Rapeseed protein isolate has been used as start-
ing material for the generation of an extensive protein hy-
drolysate. Protein hydrolysis was produced by using sequen-
tially an endopeptidase (Alcalase) and an exopeptidase
(Flavourzyme). The final hydrolysate has a 60% degree of hy-
drolysis and was completely soluble between pH values 2.5 and
7. Molecular weight profile of the protein hydrolysate was char-
acterized by gel filtration chromatography. A reduction in pro-
tein size was observed during the hydrolysis process with accu-
mulation of small peptides and free amino acids after Flavour-
zyme digestion. Amino acid composition of fractions with
different molecular weights of the final hydrolysate was ana-
lyzed. Some of these fractions, enriched or poor in certain
amino acids, could be used for supplementation or treatment of
determined clinical syndromes.
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The increasing growth population in the Third World with the
reduction in food resources and the excessive intake of ani-
mal proteins makes the search for new sources of proteins
from nonconventional raw materials of interest. Oilseeds are
becoming of increasing interest as a source of edible proteins
(1). Rapeseed is one of the most important oilseed crops cul-
tivated in the world, ranking fifth with respect to oil produc-
tion after soybean, cottonseed, peanut, and sunflower. Rape-
seed is rich in protein (between 30 and 45%), and hence de-
fatted rapeseed meal may constitute a good source of proteins
for humans (2). Amino acid composition is well-balanced in
regard to FAO requirements and is rich in sulfur-containing
amino acids and lysine, generally limiting in legumes and ce-
reals, respectively (3).

The presence of antinutritive substances, such as glucosin-
olates, phenols or phytic acid, was a drawback for the utiliza-
tion of rapeseed meal in human nutrition. Fiber, a main com-
ponent of the defatted meal, must also be eliminated to enrich
the final product in protein. Protein isolates obtained

*To whom correspondence should be addressed at Instituto de la Grasa, Avda
Padre Garcia Tejero 4, 41012-Sevilla, Spain. E-mail: frmillan@cica.es

Copyright © 1999 by AOCS Press

819

from defatted rapeseed meal, free of these antinutritional
components, can be used for the fortification of foods (4-7).
But, the use of proteins from new raw materials has also been
limited by other undesirable properties such as low solubility.
In rapeseed this problem is higher because during the indus-
trial extraction of the oil, the proteins suffer a denaturation
process that reduces even more their solubility. To improve
solubility and increase the fields of application of these by-
products, proteins may be partially hydrolyzed. This diges-
tion will also enhance other functional properties such as
foaming (8).

The improved properties of the protein hydrolysates make
them a good protein source in human nutrition, e.g., for spe-
cial medical uses in patients with reduced absorption surface
or reduced digestive capacity (9). Protein hydrolysates may
undergo other modifications, such as fractionation by molec-
ular weight or removal of hydrophobic amino acids to obtain
tailor-made protein hydrolysates for the fortification of spe-
cific clinical diets for specific treatments.

Rapeseed proteins were hydrolyzed in the past using
different proteases, such as Alcalase, Pronase, or Neutrase
(10,11). In the present paper we describe the generation and
physicochemical characterization of an extensive rapeseed
protein hydrolysate using as starting material a protein iso-
late. The hydrolysis is carried out sequentially with an en-
dopeptidase (Alcalase) and an exopeptidase (Flavourzyme).
The combined action of these proteases, with different cat-
alytic activities, produced an extensive hydrolysate of high
quality that can used directly in the supplementation of liquid
foods and can widen the field of application of rapeseed
proteins.

MATERIALS AND METHODS

Raw material. Rapeseed meal (Brassica campestris L.), in-
dustrially produced by Koipesol (Sevilla, Spain) and obtained
by solvent extraction, was used as a protein source. Tri-
nitrobenzenesulfonic acid (TNBS) was purchased from
Sigma Chemical Co. (St. Louis, MO). All other chemicals
were of analytical grade.

Proteolytic enzymes. The enzymatic complexes used were
Alcalase 2.4 L and Flavourzyme 1000 MG (Novo Nordisk,
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Bagsvaerd, Denmark). Alcalase 2.4 L is a microbial protease
of Bacillus licheniformis with endopeptidase activity. A main
component of the commercial preparation is the serine pro-
tease subtilisin A. The specific activity of Alcalase 2.4 L is
2.4 Anson Unit (AU) per gram. One AU is the amount of en-
zyme, which under standards conditions, digests hemoglobin
at an initial rate that produces an amount of trichloroacetic
acid-soluble product which gives the same color with the
Folin reagent as one milliequivalent of tyrosine released per
minute. Flavourzyme 1000 MG is a protease complex of As-
pergillus oryzae that contains both endo- and exoprotease ac-
tivities. It has an activity of 1.0 Leucine aminopeptidase unit
(LAPU)/g. One LAPU is the amount of enzyme which hy-
drolyzes 1 umole of leucine-p-nitroanilide per minute.

Total nitrogen determination. Samples (0.1 g) were used
for the determination of total nitrogen by the micro-Kjeldahl
method (12). Crude protein content was calculated using a
conversion factor of 6.25.

Preparation of protein isolate. Rapeseed defatted flour
(100 g) was suspended in 1,000 mL of 0.25% Na,SO; at pH
10.5. Na,SO; was used to prevent oxidation of polyphenols
and to avoid the darkening of the final product. The suspen-
sion was extracted by stirring for 1 h at room temperature.
After centrifugation at 8,000 X g, two additional extractions
were carried out with half of the volume of alkaline solution.
The supernatants were pooled, and the pH of the soluble pro-
teins was adjusted to the isoelectric point (pH 5.0) and the
precipitate formed recovered by centrifugation as above. The
precipitate was washed with distilled water adjusted to pH 5.0
and freeze-dried.

Hydrolysis. The protein isolate (50 g resuspended in 1,000
mL of water) was hydrolyzed batchwise by treatment sequen-
tially with Alcalase and Flavourzyme in a pH-stat. Alcalase
was added first to achieve a predigestion, and after 60 min,
Flavourzyme was added to the reactor and incubated for 2 h.
The hydrolysis curve was obtained by the pH-stat technique
using the following hydrolysis parameters: substrate concen-
tration (S), 5%; enzyme/substrate ratio (E/S), 0.3 AU/g for
Alcalase and 50 LAPU/g for Flavourzyme; pH 8 for Alcalase
and 7 for Flavourzyme; temperature, 50°C. The hydrolysis
was conducted in a reaction vessel, equipped with a stirrer,
thermometer and pH electrode. Hydrolysis was stopped by
pH drop to pH 5. Hydrolysates were clarified by filtration to
remove insoluble substrate fragments, and the filtrate was
lyophilized and freeze-dried for further use.

Degree of hydrolysis. The degree of hydrolysis, defined as
the percentage of peptide bonds cleaved, was calculated by
the determination of free amino groups by reaction with
TNBS according to Adler-Nissen (13). Total number of
amino groups was determined in a sample 100% hydrolyzed
at 110°C for 24 h in 6 N HCI1 (10 mg sample in 4 mL HCI).

Solubility curve determination. Protein isolate and hy-
drolysates (10 g) were extracted twice with 200 mL of 1 N
NaOH stirring for 2 h at room temperature. Aliquots were
taken for precipitation of the proteins at different pH values
adjusted with HCI. The samples were centrifuged at 4,000 x g
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for 30 min, and the nitrogen content determined in the super-
natant. With these values the percentage solubility was calcu-
lated as the percentage distribution of protein in the soluble
and insoluble fractions.

Gel filtration chromatography. Samples were passed
through a PD-10 column (Amersham Pharmacia, Uppsala,
Sweden) to remove nonprotein components. Gel filtration was
carried out in a fast protein liquid chromatography system
equipped with a Superose 12 HR 10/30 column from Amer-
sham Pharmacia. Volume injection was 200 uL. The eluent
was 20 mM phosphate buffer, 0.5 M sodium chloride buffer
pH 8.3 at a flow rate of 0.4 mL/min. Elution was monitored at
214 nm to detect small peptides lacking aromatic residues. The
molecular masses were determined using a calibration curve
made with blue dextran 2000 (2000 kDa), catalase (240 kDa),
a-amylase (200 kDa), bovine serum albumin (67 kDa), ovoal-
bumin (43 kDa), carbonic anhydrase (29 kDa), and ribonucle-
ase A (13.7 kDa) as molecular weight standards.

Amino acid analysis. Samples (10 mg) were hydrolyzed
with 4 mL of 6 N HCI. The solutions were sealed in tubes
under nitrogen and incubated in an oven at 110°C for 24 h.
Amino acids were determined in the acid hydrolysis, after de-
rivatization with diethyl ethoxymethylenemalonate, by high-
performance liquid chromatography (HPLC), according to
the method of Alaiz et al. (14), with D,L-0-aminobutyric acid
as internal standard. The HPLC system consisted of a Model
600E multi-system with a 484 UV-Vis detector (Waters, Mil-
ford, MA). Separations were attained with a 300 X 3.9 mm
i.d. reversed-phase column (Novapack C18, 4 m; Waters)
using a binary gradient system. The solvents used were (A)
25 mM sodium acetate containing 0.02% sodium azide (pH
6.0) and (B) acetonitrile. The solvent was delivered to the col-
umn at a flow rate of 0.9 mL/min as follows: time 0.0-3.0
min, linear gradient from A/B (91:9) to A/B (86:14); 3.0-13.0
min, elution with A/B (86:14); 13.0-30.0 min, linear gradient
from A/B (86:14) to A/B (69:31); 30.0-35.0 min, elution with
A/B (69:31). The column was maintained at 18°C with a tem-
perature controller.

RESULTS AND DISCUSSION

Generation of rapeseed protein hydrolysates. Protein isolate
used for the generation of hydrolysates was obtained by alka-
line extraction and acid precipitation of proteins, as described
in the Material and Methods section. This protein isolate is a
good substrate, with more than 95% protein content (Table 1),
to be used as starting material for the hydrolysis.

For obtaining an extensive hydrolysate, a mixture of exo-
and endopeptidases is often used. In general, single enzymes
cannot provide an extensive hydrolysate in a reasonable pe-
riod of time (15). The rapeseed protein isolate was hydrolyzed
batchwise in a pH-stat using Alcalase and Flavourzyme se-
quentially. Alcalase is a well-known nonspecific endopro-
tease broadly used in food research for the generation of pro-
tein hydrolysates (16). By starting the hydrolysis with this en-
zyme, predigestion is achieved, increasing the number of
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TABLE 1
Chemical Composition of Rapeseed Protein Isolate
Calculated on a Dry Weight Basis

Component Composition (%)
Ash 0.52

Fiber 0.05
Protein content 97.7

Lipids 1.14
Soluble sugars 0.35
Dissolved solids 0.12
Polyphenols 0.12

N-terminal sites for the action of the exopeptidase
Flavourzyme. This sequential hydrolysis will reduce costs
since a lesser amount of Flavourzyme is needed to obtain the
same degree of hydrolysis. With this sequential process, an
extensive hydrolysate with a 60% degree of hydrolysis was
obtained. This degree of hydrolysis is higher than using Al-
calase or Flavourzyme alone during the same time (data not
shown).

The rate of hydrolysis with Alcalase is very fast in the ini-
tial minutes, reaching a steady state after 20-30 min (Fig. 1).
In this sense, the time of incubation with Alcalase could be
reduced to improve the yield of the process. On the other
hand, Flavourzyme shows a kinetic of hydrolysis with a
smaller slope, but a constant increment of the hydrolysis even
after 3 h incubation, probably because of the exopeptidase ac-
tivity of the enzyme (Fig. 1).

A problem in the generation of protein hydrolysates is the
production of bitter peptides that limits the use of the hy-
drolysates. Bitterness seems to be produced by the exposure
of hydrophobic residues as a consequence of protein hydroly-
sis (17). Free amino acids are less bitter than the correspond-
ing peptides, and bitterness is highest when the hydrophobic
amino acids are nonterminal (16). These factors favor the use
of an exopeptidase to reduce bitterness of hydrolysates. In this
sense, the hydrolysate produced by the individual action of
Alcalase showed a high degree of bitterness. On the other
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FIG. 1. Enzymatic hydrolysis of rapeseed protein isolate with Alcalase
and Flavourzyme (added at 60 min).

hand, the final hydrolysate, after the action of Flavourzyme,
when tested in a panel test, completely lacked bitterness.

Molecular weight characterization of hydrolysates. The
most evident change observed in hydrolysates with respect to
the protein isolates is the reduction in the molecular weight
of proteins as a direct consequence of protease activity. Gel
filtration profile of the protein isolate shows a main peak that
corresponds probably to the 12S globulin “cruciferin,” the
major protein component of protein isolates (18) (Fig. 2).
During the digestion with Alcalase, the relative amount of this
peak decreased, with increasing proportions of others of
lower molecular weight. Thus, after 1 h digestion with Al-
calase, the main peptides range from 20 to 45 kDa. Digestion
with Flavourzyme produced the appearance of a peak of free
amino acids, due to the exopeptidase activity of this enzyme.

Solubility of hydrolysates. Solubility is probably the main
functional characteristic of proteins, giving useful informa-
tion about other properties, such as foaming, emulsion, and
gelling (19). Increased protein solubility with enzymatic hy-
drolysis, particularly at the isoelectric point of the native pro-
tein, is well-documented (8,20-22). This increase in solubil-
ity is due to the smaller size of peptides and higher hy-
drophilicity of the hydrolisates (23). The increased solubility
may be useful for the supplementation of drinks (with acidic
pH) to improve their nutritional quality.

Rapeseed protein hydrolysates obtained with Alcalase and
Flavourzyme increased their solubility drastically with re-
spect to the protein isolate (Fig. 3). Thus, after 60 min hydrol-
ysis with Alcalase, the proteins were more than 90% soluble
at the isoelectric point (pH 5) and over 70% in the pH ranges
tested. The final protein hydrolysate obtained after the treat-
ment with Flavourzyme was almost 100% soluble at pH
tested, making it a suitable component for the supplementa-
tion of liquid beverages at different pH.

Amino acid composition of hydrolysates. Amino acid com-

Absorbance 214 nm

0 2 4 6 8 10121416 18 20 22 24 26 28 30 32 34
Volume elution (mL)

FIG. 2. Gel filtration chromatography of rapeseed protein isolate (—),
protein hydrolysate after Alcalase treatment (——-), and final protein hy-
drolysate (Alcalase + Flavourzyme) (----).
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FIG. 3. Solubility at different pH values of protein isolate (O), protein
hydrolysate after Alcalase treatment (), and final protein hydrolysate
(Alcalase + Flavourzyme) ((J).

position of rapeseed protein isolate is well-balanced. Also,
there were no apparent differences between the protein iso-
late and protein hydrolysate amino acid compositions, indi-
cating that the process of enzymatic hydrolysis is a gentle
procedure that does not affect the amino acid profile.

Amino acid composition in different fractions of the final
protein hydrolysate is given in Table 2. Significant differences
are observed between the amino acid profile of those fractions
and total hydrolysate. Thus, fraction of peptides between 45
and 150 kDa shows lower amounts of aromatic and sulfur
amino acids. On the other hand, the contents in branched-
chain amino acids and Aspartic (Asp + Asn) are above the ob-
served in the protein hydrolysates. This low content of aro-

TABLE 2

Amino Acid Composition (g/100 g protein) of Rapeseed Protein
Isolate, Total Protein Hydrolysate, and Fractions of Different
Molecular Weights Collected from the Final Protein Hydrolysate

Protein  Protein 45-150 20-45 9-20 Free amino

isolate hydrolysate kDa  kDa kDa acids
Asp + Asn 10.2 10.0 216 108 4.9 13.4
Glu+GIn 208 19.5 233 202 126 14.8
Ser 7.2 7.0 6.7 10.1 9.7 11.0
His 2.6 2.5 2.8 1.9 438 2.3
Gly 10.3 9.7 125 157 129 13.3
Thr 4.7 4.7 5.5 6.5 6.7 5.6
Ala 7.1 7.2 4.5 58 5.8 9.5
Arg 6.2 6.1 4.4 54 9.6 4.1
Tyr 2.1 2.8 Trace 0.6 1.1 Trace
Val 5.1 6.2 3.9 5.1 8.1 4.6
Met 2.0 2.1 1.8 22 09 1.0
Cys 1.3 1.1 Trace 1.1 0.2 Trace
lle 3.8 4.5 2.7 36 57 3.1
Leu 8.2 8.0 4.3 53 103 7.5
Phe 4.5 4.5 1.5 1.8 4.1 4.8
Lys 4.1 4.2 4.6 3.8 26 5.0
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matic amino acids could be useful for the treatment of con-
genital illness such as phenylketonuria or tyrosinamie, in
which diets low in these amino acids are recommended. Also,
this fraction may be of special interest for clinical use in the
treatment of patients with liver diseases. This is due to the
high Fischer ratio (ratio of Val + Leu + Ile to Tyr + Phe) ob-
served, 7.3 in comparison to 2.5 in the protein isolate and total
hydrolysate. Also, this fraction is suitable for the treatment of
encephalopathies because of the low content of aromatic
amino acids (1.5%), that should not exceed 2% (24).

The fraction corresponding to peptides between 20 and 45
kDa also shows a high Fischer ratio (5.8).

Finally, the fraction corresponding to peptides between 9
and 20 kDa, with reduced quantities of sulfur-containing
amino acids could be helpful in the fortification of foods for
patients with problems related to the metabolism of these
amino acids that require diets with low percentages of them.

Thus, the protein hydrolysate obtained not only could have
application by itself in the supplementation of different kinds
of foods, but also it could be fractionated by means of mem-
brane technology, such as by ultrafiltration, to obtain fractions
with particular amino acid composition, that could be useful
for the modification of clinical diets for specific treatments or
congenital illnesses.

In conclusion, we generated an extensive hydrolysate
using as starting material a rapeseed protein isolate and com-
bining sequentially the action of two different proteases with
different catalytic activities. The high solubility of the final
hydrolysate make it a suitable material for the supplementa-
tion of liquid foods or high-energy beverages. The differences
observed in amino acid composition depending on the frac-
tion of the final hydrolysate could be useful in the fortifica-
tion of foods for clinical diets enriched or free of certain
amino acids. With the process described, a raw material may
be processed in a high-quality product with an added value.
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