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Rapeseed Protein Isolates by Countercurrent Extraction and Isoelectric

Precipitation

Ahmad S. El Nockrashy,! Kumar D. Mukherjee, and Helmut K. Mangold®

U
L]

A countercurrent procedure for the extraction of protein from defatted rapeseed meal is described. Using
0.02 N NaOH and a meal to solvent ratio of 1:25 as much as 94% of meal nitrogen is extracted. A two-step
precipitation, first at pH 6.0 and then at pH 3.6, the two isoelectric points of the protein in the extract,
affords two protein fractions, which contain 69.4 and 24.3% of the meal protein, respectively. After
washing the curds with water and drying with acetone two highly pure isolates are obtained. Protein
isolate I, light grey, contains 92.9% protein and protein isolate II, white, contains 98.6 % protein, both

on a dry weight basis.

In view of the world-wide protein shortage, oilseeds are
becoming of increasing importance as sources of edible
proteins (Altschul, 1974). Rapeseed, which is a major
oilseed crop of the temperate zones, has so far found little
application in the production of protein.

Factors which favor the use of rapeseed protein in
human nutrition include: (a) rapeseed is cultivated in
countries which do not have suitable agricultural or en-
vironmental conditions for growing other oilseeds (Ohlson,
1972); (b) the concentration of essential amino acids in
rapeseed protein compares favorably with the amino acid
requirements of human adults (FAQ, 1957; El Nockrashy
et al., 1975a); (c) rapeseed protein is characterized by
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relatively high contents of lysine (Leslie and Summers,
1975; El Nockrashy et al., 1975b) which is the first limiting
amino acid in cereals and other vegetable proteins; and (d)
rapeseed protein concentrates having high nutritional value
and satisfactory functional properties are well accepted
(Ohlson and Tear, 1974).

Problems involved in the use of rapeseed in nutrition
include the presence of glucosinolates, which, on enzymatic
hydrolysis, yield undesirable and even toxic factors such
as isothiocyanates, nitriles, and oxazolidinethione (van
Etten, 1969) and the relatively high cellulose content of
the seeds (Theander and Aman, 1974). The breeding of
new varieties of rape has been only partially successful with
regard to reducing the glucosinolate and cellulose contents
of the meal (Robbelen and Leitzke, 1974).

The present investigation was carried out with the aim
to develop a process for the preparation of protein isolates
free of such undesirable substances. Seeds of two new
varieties of rape were used as starting materials, viz.,
Brassica napus, Erglu, a summer variety which is low both
in erucic acid and glucosinolates, and Brassica napus,
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Figure 1.

Lesira, a winter variety having a low erucic acid content
but a normal level of glucosinolates (Robbelen and Leitzke,
1974).

We found that countercurrent extraction of defatted
rapeseed meal with dilute sodium hydroxide solution
results in the dissolution of almost 95% of “meal nitrogen”.
The proteins in these extracts were found to have two
isoelectric points. Stepwise precipitation of proteins at
these pH values yields two isolates with a total recovery
of about 90% of the meal protein. Washing and drying
of these isolates afford products of high purity. The
process described appears to be feasible for a large scale
production of rapeseed protein isolates.

Nutritional studies with chicks (El Nockrashy et al.,
1975a) revealed superior performance of these protein
isolates as compared to the corresponding meals, both with
regard to growth and protein efficiency ratio. The im-
proved nutritive value of the rapeseed protein isolates is
attributed to their favorable amino acid patterns and the
absence of glucosinolates.

EXPERIMENTAL SECTION

Materials. Seeds of Brassica napus, Erglu (summer
1974), and Brassica napus, Lesira (winter 1973/1974), were
obtained from local plant breeders. Defatted meals were
prepared by extracting the ground seeds with cold hexane,
followed by desolventization at room temperature. They
were finely ground to pass a 0.2-mm screen, unless oth-
erwise stated. Analyses of the seeds and defatted meals
are shown in Table I.

Analytical Procedures. A semimicro-Kjeldahl pro-
cedure was used for nitrogen determinations (Clark, 1943);
crude protein was calculated as total N X 6.25. Moisture,
crude oil, crude fiber, ash, nonprotein nitrogen, and foam
stability were determined according to standard procedures
(AOAC, 1965; AOCS, 1964). Glucosinolates were deter-
mined after their enzymatic hydrolysis to oxazolidinethione
and isothiocyanates (Appelavist and Josefsson, 1967). The
color of the protein isolates was determined spectro-
photometrically (Fontaine et al., 1945). Molecular weights
of the polypeptide chains of the protein isolates were
determined by sodium dodecyl sulfate electrophoresis
(Weber and Osborn, 1969) with and without the use of
mercaptoethanol during incubation. Reference proteins
used were human serum albumin, ovalbumin, chymo-
trypsinogen A, myoglobin from whale, and cytochrome c.
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Scheme of countercurrent extraction of defatted meal.

Stage C

——— Extract D

Table I. Analysis of New Rapeseed (B. napus) Varieties
and the Corresponding Meals®
Erglu Lesira
Seed Meal Seed Meal
Crude oil, % 43.7 0.9 443 0.8
Total nitrogen, % 3.89 6.61 386 6.30
Crude protein, % 24.3 413 241 39.4
Nonprotein nitrogen, % 0.71 120 073 1.19
Crude fiber, % 74 131 100 17.9
Ash, % 4.6 8.3 4.1 7.3
Nitrogen-free extract, % 20.0 36.4 17.5 34.6
Oxazolidinethione, mg/g 0.65 13.50
Isothiocyanate, mg/g 0.20 3.20

¢ Calculated on a dry weight basis. *

Single Step Extraction of Proteins. Rapeseed meals
(B. napus, Erglu) having particle sizes of 0.2 and 0.4 mm
were extracted with sodium carbonate-sodium bicarbonate
buffers, pH 10.0 to 10.6, and sodium hydroxide solutions
ranging from 0.02 to 0.05 N. One gram of meal and 10 g
of glass beads, 2 mm, were placed in 250-ml Erlenmeyer
flasks, and solutions of aqueous alkali were added to give
meal to solvent ratios ranging from 1:100 to 1:20. Ex-
traction was carried out at 30 °C by shaking the flasks
vigorously for 90 min. The mixtures were then centrifuged
at 5000g for 15 min. One-milliliter aliquots of the su-
pernatant solutions were taken for the determination of
nitrogen. Dissolution of protein was calculated on the
assumption that the total volume was fully recovered.

Countercurrent Extraction of Proteins. A schematic
representation of the countercurrent extraction procedure
followed is shown in Figure 1. Four 5-g samples of meal
were weighed into 250-ml Erlenmeyer flasks designated
I-1IV. In each of the four stages, A-D, the first sample was
extracted with 125 ml of 0.02 N NaOH solution (meal/
solvent ratio 1:25). Extraction was carried out at 25 °C
using an Ultra-Turrax stirrer (Janke und Kunkel KG,
Staufen, Germany), for 10 min. Subsequently, the samples
were centrifuged at 5000g for 15 min. At each stage, the
supernatant from one sample was used to extract the next
sample, after measuring its volume and taking 0.5-ml
aliquots for the determination of nitrogen. At the be-
ginning of each stage, the first sample in the previous stage
was moved to the end of the series. The final extracts from
the four stages were combined and stored at 5 °C.



Determination of Isoelectric Points. Forty-milliliter
aliquots of the protein extracts resulting from the coun-
tercurrent extraction were placed in 60-ml centrifuge tubes.
These aliquots were titrated with 6 N HCI to various pH
values. The curd formed was separated by centrifugation
for 30 min at 5000g. The supernatant was decanted and
its volume and nitrogen content were determined. The
overall yield of protein precipitated was calculated as
(V1N1 - VQNQ)/(VINI) X 100 [%], where V1 and V2 are the
volumes of the aliquot before and after precipitation, and
N, and N, are milligrams of nitrogen in 1 ml of V; and V,,
respectively. Percentage of protein precipitated was
plotted against the pH of the extract in order to determine
the isoelectric points. The percentage of protein pre-
cipitated was calculated on the basis of true protein
content of the meal, which was derived from the difference
between the total nitrogen content and the nonprotein
nitrogen content of the meal.

Stepwise Precipitation of Proteins. Based on the
results obtained in the determination of isoelectric points,
40-ml aliquots of the extracts resulting from the coun-
tercurrent extractions were titrated with 6 N HCI to pH
6.0 (Erglu) or pH 5.7 (Lesira) and curds were separated
by centrifugation. The pH of each supernatant was then
adjusted to pH 3.6.

Alternatively, a 40-ml aliquot of the extract resulting
from the countercurrent extraction of Erglu meal was
titrated with 6 N HCI to pH 3.6, the curd was separated
by centrifugation, and the supernatant was adjusted to pH
6.0.

Analyses of nitrogen in the supernatants were carried
out in order to calculate the nitrogen content of the curds.
The percentage of meal protein obtained in the curds was
calculated from the true protein content of the meals.

RESULTS AND DISCUSSION

In the present study, rapeseed protein isolates were
prepared from both defatted Erglu and Lesira meals by
a process which involves two major steps. Firstly, rapeseed
protein is extracted by a countercurrent procedure using
the optimum conditions that were established through
single step extractions. Secondly, the proteins are isolated
from the extracts by stepwise precipitation at the two
isoelectric points. The overall process affords highly pure
proteins in excellent yields.

Single Step Extraction of Proteins. It was found that
sodium hydroxide solutions give better dissolution of the
proteins from rapeseed meals than carbonate-bicarbonate
buffers. Highest dissolution (79.7%) is obtained with 0.02
N NaOH at moderate agitation and a meal to solvent ratio
of 1:100; it is increased by more than 10% when the
particle size is reduced from 0.4 to 0.2 mm. However, when
a high-speed homogenizer is used instead of a shaker,
dissolution of the protein is hardly affected by the particle
size. The use of sodium hydroxide solutions of normalities
ranging from 0.02 to 0.2 N has been recommended by
several investigators working on the isolation of proteins
from rapeseed (Pokorny et al., 1964; Sosulski and Bakal,
1969; Girault, 1973; Kodagoda et al., 1973; Rutkowski and
Korolczuk, 1974), cottonseed (El Nockrashy and
Frampton, 1967; El Nockrashy, 1973), and soybean (Be-
rardi et al., 1969) by single or multiple step extractions.
All of these procedures require rather large volumes of
solvent to attain a satisfactory degree of extraction of the
proteins.

Countercurrent Extraction of Proteins. In the
overall process described in the present study proteins are
extracted from defatted rapeseed meal by a countercurrent
procedure. This approach is a prerequisite for a continuous

RAPESEED PROTEIN ISOLATES

Table II. Countercurrent Extraction of Rapeseed (B.
napus, Erglu) Protein

Total
Meal meal
nitrogen nitrogen
Extrac- extracted extracted
tion Sample from each at each
stage no. sample, % stage, %
A I 67.1
II 12.0
III 31.1
v 26.0 34.1
B II 90.6
III 49.1
Iv 48.8
I 71.0 30.8
C III 83.4
v 81.9
I 82.1
II 93.1 20.3
D v 97.2
I 92.0
II 94.2
11 91.2 8.6

large scale production of protein isolates. The major
advantage of rather high meal to solvent ratios in a
continuous process is that comparatively small volumes
of solvent have to be used for a high output. A meal to
solvent ratio of 1:25 is chosen because the use of smaller
volumes of solvent leads to difficulties in extraction at later
steps of stage A owing to high solvent retention by the
meal.

Sodium hydroxide (0.02 N) which proved to be the most
suitable solvent in single step extraction is used in the
countercurrent extraction procedure (Figure 1). Table II
gives typical results of the countercurrent extraction of
proteins from defatted Erglu meal.

Calculations are based on actual recovery of meal ni-
trogen in the extracts. In stage A, the meal retains about
47% of the solvent. Solvent retention is reduced to
6.2-1.6% in the following stages. Out of the 500 ml of 0.02
N NaOH, a total of 424 ml of extract is recovered. There
is no pronounced relationship between the percentage
protein extracted from a sample and its position in the
entire sequence of extractions. As expected, highest
dissolutions are obtained when a sample is extracted with
fresh solvent. The total amount of protein dissolved is
highest in the final extract of stage A, where 34.1% of the
total nitrogen present in the meal is dissolved. The
percentage dissolution gradually decreases in each sub-
sequent stage and reaches a level of 8.6% in the extraction
at stage D. After the four stages, a total of 93.8% of the
meal nitrogen in Erglu meal is extracted. In a similar
experiment with defatted Lesira meal, 49.2, 27.2, 14.4, and
1.9% of meal nitrogen are extracted in stages A through
D, respectively, the total recovery being 92.7%.

With Erglu meal as an example, Figure 2 demonstrates
the relationship between the total amount of nitrogen
present in the four samples at the beginning of each stage
and the percentage of nitrogen dissolved in the final extract
of this stage. It is apparent that the recovery of protein
increases with decreasing nitrogen content of the meal
samples from stages A to D. The air-dried residues re-
maining after the countercurrent extraction of Erglu and
Lesira meals contained about 5.0% of protein on a dry
weight basis.

In another set of experiments with Erglu meal having
a particle size of 0.4 mm, the total meal nitrogen dissolved
by countercurrent extraction was 91.7%. This shows that
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Figure 2. Course of extraction of proteins from defatted
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)
S0
®- @ lesira
o—c Erglu
- B0
@
5
a
o
@
o
€ 70
Y
s
o
60+
|

T
3.0 4G 5.0 8.0 70
pH

Figure 3. Precipitation curves of rapeseed proteins.

the particle size of the meal is of little significance in this
process when high agitation is used.

It is obvious that the countercurrent extraction of
protein as described in the present article offers great
advantages over single step and multiple step extractions
because a high degree of dissolution is attained at a
minimum requirement of solvent.

Precipitation of Proteins. In order to establish ex-
perimental conditions for the precipitation of rapeseed
proteins from the extracts of Erglu and Lesira meals their
isoelectric points were determined. Figure 3 shows that
the proteins of Erglu and Lesira consist of two major
fractions. The proteins of Erglu meal exhibit an isoelectric
point at pH 3.6, where 65.7% of the total nitrogen in the
extract is precipitated (80.3% of meal protein) and another
at pH 6.0, where 57.1% of the total nitrogen in the extract
is precipitated (69.8% of meal protein). Similarly, the
proteins of Lesira exhibit an isoelectric point at pH 3.6,
where 62.7% of the total nitrogen in the extract is pre-
cipitated (77.4% of meal protein) and another at pH 5.7,
where 57.8% of the total nitrogen in the extract is pre-
cipitated (71.4% of meal protein).

There has been some controversy regarding the pH at
which the maximum yield of rapeseed protein could be
obtained (Pokorny et al., 1964; Sosulski and Bakal, 1969;
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Table III. Stepwise Precipitation of Rapeseed Protein

Meal
Precipi- protein

tation precipi- Total
Variety at pH tated, % yield, %

B. napus, Erglu 6.0 69.4
3.6 24.3

93.7
3.6 79.2
6.0 3.6

82.8
B. napus, Lesira 5.7 73.2
3.6 18.0

91.2

Girault, 1973; Kodagoda et al., 1973; Rutkowski and
Korolczuk, 1974; Finlayson, 1966; Owen, 1973). In view
of the present findings it is obvious that a maximum
recovery of proteins from rapeseed requires a stepwise
precipitation at two isoelectric points, that is at pH 6.0 and
3.6 for Erglu, and pH 5.7 and 3.6 for Lesira. Recent in-
vestigations had indicated that rapeseed may indeed
contain two main groups of proteins, one of relatively high
molecular weight which dissociates into subunits at acid
pH values, and another of lower molecular weight (Bhatty
et al., 1968; Finlayson et al., 1969; Coding et al., 1970;
Janson, 1971; Coding et al., 1972; Girault, 1973). A process
for the isolation of proteins based on these findings has,
however, not been developed.

Stepwise Precipitation. With the aim to find the
optimum conditions for the recovery of proteins from the
extracts of Erglu meal, precipitation was carried out at pH
6.0 followed by precipitation at pH 3.6, and vice versa.
Table III gives the results of these two experiments.

Precipitation at pH 6.0 results in the formation of a grey
curd containing 56.8% of the total nitrogen in the extract
(69.4% of meal protein). Further lowering the pH of the
supernatant to a pH value of 3.6 affords a light cream
colored curd containing 19.9% of the nitrogen in the
extract (24.3% of meal protein). Precipitation first at pH
3.6 and then at pH 6.0 results in lower total recovery. The
curd obtained at pH 3.6 contains 64.8% of the total ni-
trogen in the extract (79.2% of meal protein) and that
isolated at pH 6.0 yields an additional 3.0% of the nitrogen
in the extract (3.6% of meal protein).

Obviously, it is of advantage to carry out the stepwise
precipitation first at higher and then at lower isoelectric
points. The total recovery of proteins in the two isolates
amounts to 93.7% of the proteins in Erglu meal.

Table III also shows results of the stepwise precipitation
of proteins from the extract of Lesira meal. Precipitation
at pH 5.7 results in the formation of a grey curd containing
59.3% of the total nitrogen in the extract (73.2% of meal
protein). Further lowering the pH of the supernatant to
a pH value of 3.6 affords a light cream colored curd
containing 14.6% of the nitrogen in the extract (18.0% of
meal protein). The total recovery of proteins in the isolates
amounts to 91.2% of the proteins in Lesira meal.

The major advantage of the present procedure lies in
the high recovery of proteins. Other investigators (Sosulski
and Bakal, 1969; Girault, 1973; Kodagoda et al., 1973;
Rutkowski and Korolczuk, 1974) have reported recoveries
of about 50%, only.

Protein Isolates. The purity and the color of the
protein isolates can be considerably improved by washing
twice with water using a sludge to water ratio of 1:2 and
drying with acetone at a sludge to acetone ratio of 1:2. The
washed and dried isolates showed only slight pigmentation
and their spectra did not exhibit distinct absorption bands.






