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In this paper we are going to report some chemical and biological proper-
ties of a protein concentrate prepared from rapeseceds. The seeds used
were a Bwedish line of winter rape called Sinus. This line has a rather
low content of erucic acid. Similar studies which are not included in this
presentation have also been carried out with a Swedish line of summer
rape called Gulle. Irrespective of the type of rapeseeds used for the pre-
parations, the protein concentrates gave very similar results both with
regard to biological protein values and effects produced in pregnant rats.

Table 1 shows a flow-sheet for the preparation of the rapeseed protein
concentrate (RPC).

Table 1: Flow-sheet for the preparation of a protein concentrate from
rapeseeds.

Splitting of the seeds and
removal of husks

Myrosinase inactivation:
Autoclaving at 105°C for
5 min

Defatting with diethyl
ethey

Detoxification:

1 washing with 10 vol. of

boiling water; 3 washings

with 10 vol. of hot water
(50° C)

Drying in a vacuum oven
at temperatures below
30° ¢

[ Grinding to a-powder

The seeds were split in a Diamond mill. By means of a vibrating screen
and an airstream it was possible to remove most of the husks. In order
to avoid enzymatic cleavage of glucosinolates the seeds were autoclaved
for 5 min. at 105° C. The husked seeds were then defatted at room tem-
perature by means of extraction with diethyl ether. After careful evapo-
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Table 3¢ Chemical composition of RPC. ration of the ether the
Average values from 4 diffe- material was thoroughly
rent preparations wasghed once with boiling

water and three times
with hot water at 50° C

Constituents g/100 g of RPC in order to remove the
. glucosinolates, The wash-~
Moisture Z g ed material was dried in
ﬁft};'ogen 9' g a vacuum oven and finally ﬂ
Crude protein 61.7 ground to a fine powder,
Crude iﬂzre g g 9 Table 2 shows the chemi-
Crud'e & 0' 65 cal composition of the
Calclunl‘ll h 1.5 RPC prepared according
Total phosphorus ‘ to this method. It contain-
Phytic acid phosphorus 0.68 ed approximately 62 % of
Iron 0.016 crude protein and less
mg/g of fat- than 1 % of fat., The crude
P g gRP ¢ fibre content was 7 %.
ree About half of the total
a phosphorus content was
vor :p‘ectroi)}}: o;:ome- 0.0 in the form of phytate-
ric metho phosphorus. Calcium and
GLC-method 0.14 iron amounted to 0.66 %
0.016 ive-
BITCb spectrophotome- 0.0 f nd %, respective
tric method y b
GLC-method 0.03 Using the spectrophoto-~

metric method of APPEL-
QVIST and JOSEFSSON
(1967) to determine the
amounts of vinyloxazoli-
dinethiones (VOT) and
butenylisothiocyanates (BITC) released after enzymatic hydrolysis of RPC
zero values were obtained. Adopting a more sensitive method using gas-
liquid chromatography for the final measurements about 0. 14 mg of VOT
and 0.03 mg of BITC per g of protein concentrate was found &, This corre-
sponded to leas than 1 % of the thioglycoside content of the raw material.

aVinyloxazolidine’chiones
Butenylisothiocyanates

The composition of esgential amino acids in the Sinus variety rapeseed
protein appears from Table 3. It is very well balanced in relation to the
pattern of essential amino acids in whole egg. If isoleucine is considered
as the first limiting amino acid, the chemical score of the rapeseed pro-
tein is 78. The comparatively high content of total lysine (351 mg/gN)

as well as "available" lysine (363 mg/g N) should be noted.

The protein efficiency ratio (PER) obtained for the Sinus variety RPC,

Thanks are due to Dr.R.Ohlson, AB Karlshamns OlJefabrlker, Sweden,
for carrying out the GLC-analyses of VOT and BITC.
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Table 3: Composition of essential amino acids in RPC

. Bgg reference RPC Score values
Amino acid pattern (mg/g (mg/g of for individual
of nitrogen) nitrogen) amino acids
Isoleucine 415 322 8
Leucine 553 527 95
Lysine i 403 351 87
Available lysine - ¢ 363
Total "aromatic™ 627 513 82
Phenylalanine 365 294 80
Tyrosine 262 219 84
Total sulphur-containing 346 284 82
Cystine 149 154 . 104
Methionine 197 130 66
Threonine 317 313 99
Tryptophan 100 a0 90
Valine 454 386 85
Ratio of total essential
amino acids to total
nitrogen (mg/g) 3215 2786

Table 4: Protein efficiency ratic (PER) and productive protein value
(PPV) obtained with RPC for an experimental period of three
weeks. Means and standard deviations of ten male rats per die-
tary group

Protein content

Dietary group in diet, Nx6.26 Weight gain

(% of fresh g PER PPV
weight)
Methionine a .
enriched casein 10.0 116.7 +11.5 3.83 +0.17 65.8 +1.8
RPC 10.0 116.9i11.3 3.390+0,13 51.7+1.8

% 0.5 ¢ DL-methionine per 100 g of diet

3.4, was slightly lower than that obtained for the reference protein, me-
thionine enriched casein, which gave a PER of 3,8 (Table 4). The produc-
tive protein value (PPV) was 52 for RPC and 66 for the casein diet.

Short-term toxicological experiments with detoxified protein concentrates
from rapeseeds have recently been reported by us in two papers published
in J.Sci.Food Agric. (EKLUND et al., 1971, 1974). In these studies the

rapeseed protein seemed practically atoxic to the rat. However, pregnant
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rats showed signs of toxic reactions when they were fed on RPC. A short
report of this effect was given in a recent issue of Nutr. Rep. Intern. (EK-
LUND, 1973). Since then more studies on the effects of RPC in pregnant
rats have been carried out, and I will now summarize findings which we
have made during these experiments.

Table 5 shows the composition of experimental diets., Each diet contained
20 % of crude protein, 5 % oil and standardized levels of fresh vitamin
and mineral mixtures. The vitamin E content of the diets generally was
13,4 mg alpha-tocopherol per 100 g. In two dietary groups an exira supply
of 200 mg of alpha-tocopherylacetate was given. The crude fibre content
was 4 % in each group.

Table 5: Composition of diets used for studies of the reproductive
functions in female rats

Diets

Constituents, g/100 g
RPC-A RPC-B Control-A Control-B

RPC 32.5 32.5 0 0
Casein 0 0 23.0 23.0
DL.-methionine 0.5 0.5 0.5 0.5
Corn oil 5.0 5.0 5.0 5.0
Salt mixture 6.0 6.0 6.0 6.0
Vitamin mixture 2.0 2.0 2.0 2.0
alpha-Tocopherylacetate 0 0.20 0 0.20
Cellnlose 2.0 2.0 4.0 4,0
Rice starch 52.0 51.8 59.5 59,3
Analytical data, g/100 g

Crude protein 20 . 20 20 20
Crude fat 5 5 5 5
Crude fibre 4 4 4 4

2 Mmiller, R. (Z. Tierphysiol. Tierernihr. Futtermittelk, 19,
305, 1964) except for alpha-tocopherol which was included
at a level of 13.4 mg/100 g of diet.

The incidence of toxic signs and mortality during gestation, and litter sizes
and body weights of the offspring in rats fed on diets containing RPC are
given in Table 6. In the group which was fed on the rapeseed protein diet
during three weeks before the mating and during the whole pregnancy 5 out
of 15 rats died at the term of gestation. Three rats which did not die show-
ed clear signs of toxic reaction. These signs which never appeared prior
to the 19th day of gestation were sudden loss of appetite, weight decrease
and dark red to black exsudates at the nose and eye-lids. Figure 1 shows
the growth curves, obiained with rats fed on the RPC- and conirol diets,
respectively. The appearance of a healthy rat and a diseased rat is illustra-
ted in Fig. 2 and 3.
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Table 6: Incidence of toxic signs and mortality during gestation, and
litter mize and body weights of the offspring in rats fed on diets
containing RPC or casein ag the sole source of protein. Dletary
groups are labelled in accordance with table 5.

Means ¥ standard deviations

Dietary group

RPC-A RPC-B Conirol-A Control-B

No. of rats : 15 5 15 5
No. of rats showing

toxic signs during 8 0 0 0
gestation

No. of rats which died
during the experiment

Length of gestation,

22,6+2,2 22,3+0.5 21,8+0.9 21,.5F70.6
days - - - -

Maximal weight gain
during gestation, g 72+15 75314 119+23 133*19

No. of litters with

live-born pups 8 4 15 5

No. of live pups per

. 6+2. .5¥3. . 8+3, .3+,
Litror 6t pacmottion 8.6+2.8  8,5%3.9 11.8+3.1 12,3+1.3

No. of live pups per

litter 21 days after 3.7t3.9 5,043.6 9.3+4.1 11.2%2.3
parturition .

Body weight of pups :

21 days after partu- 33.5%9.8 21,9+3.8 '45.3%7.6 44.1%6.3
rition, g

Returning to Table 6 it was found that the length of the pregnancy was not
affected but the maximal weight gain of the mother rais was significantly
reduced in the RPC-fed rats (72 g) in comparison with the control group
given methionine enriched casein (119 g). In the RPC-fed group there

also seemed to be a marked reduction in the number of live-born pups per
litter, that is 8-9 pups in the RPC-group and about 12 pups in the control
group. In the rapeseed group there was also a lower proportion of pups
which survived the firet three weeks after parturition namely 43 % com-
pared with 79 % in the control group. The pups surviving three weeks had
significantly lower body weights than the controls.

5 rats were given an extra supply of vitamin E rising the amount of this
constituent from 13.4 mg per 100 g to 213 mg per 100 g of food. The num-
ber of rats in this group of course is too small to permit any reliable con-
clusions to be drawn but it is of interest to note that none of these mother

2
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Figure 13 Growth curves of female rats fed on RPC-( ® } or methionine

enriched casein-(0) diets during the whole pregnancy. Each
group contained 15 rats. In the RPC-group 5 rats died during
the experiment. Standard deviations are indicated by the bars.
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rats showed signs of toxic reaction. The maximal weight gain, however,
wag reduced to the same extent as in the other rapeseed group and a simi-
lar reduction in the number of live-born pups and survival of pups during
the first three weeks was obgerved. The weight gain of the pups during

the first three week period was very low in this vitamin E supplemented
group.

Taking into consgideration the rather high content of phytic acid in RPC,
one might ask if there is not a risk that the experimental animals have a
reduced intestinal absorption of some minerals eg. calcium, zinc or iron.
Table 7 shows haemoglobin, haematocrit and serum levels of caleium
and zinc in mother rats and pups from both a conirol group and a RPC-
fed group. There were only unsignificant differences between these two
groups. These results seem to indicate that despite the phytic acid con-

tent there is no reduction in the intestinal absorption of at least calcium,
zine and iron in rats fed on diets containing RPC.
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Figure 2: Appearance of a control rat during the last days of gestation

Figure 3: Appearance of a diseased RPC-fed rat at the expected time
for parturition



- 446 -

Table 7: Haemoglobin and haematocrit values and serum levels of
calcium and zinc'in mother rats and unweaned pups from
RPC- and casein-fed groups, respectively. Dietary groups
are labelled in accordance with table 5
Means » standard deviations

Dietary srou Haemoglobin  Haematocrit  Calcium Zinc

Y ETOUP 51100 ml % mg/100 ml mg/100 ml
Mother rats
RPC-A 13.9¢1.8 4025 12.8x2.5 0.4110. 31
Control-A 12,8+0.7 39+3 14,.5+3.6 0.29+0. 26
Pups (21 days old)
RPC-A 10.4+1.4 3015 9.541.3 0.14+0. 28
Control-A 10.7+1.5 3144 10.841.7 0.16+0.13

References

1. APPELQVIST,L.A. and E. JOSEFSSON (1967):
J.Sci.Food Agric. 18, 510

2. EKLUND, A., G.AGREN, T.LANGLER, U.STENRAM and H.NORD-
GREN (1971):
J.Sci.Food Agric. 22, 653.

3, EXLUND, A. (1973):
Nutr. Rep.Intern. 7, 647

4, EKLUND,A., G.AGREN, H.NORDGREN and U.STENRAM (1974):
J.Sci.Food Agric. 25 (in press)




