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Rapeseed for human nutrition — present knowledge and future options
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Brassica species are now the second largest oilseed crop worldwide yielding an edible oil with remarkable nutritional

attributes.

Fatty Acids. Nutrition strategy for prevention of cardio-vascular diease aims at reducing intake of saturated and raising
consumption of n-3 polyunsaturated and mono-unsaturated fatty acids. At the same time moderation of n-6 polyunsaturated
fatty acids is advised. These 4 targets can be reached by raising the consumption of rape oil.

Rape oil has an exceptionally low amount of saturated fatty acids and a comparatively low concentration of n-6 fatty
acids (linoleic around 20 %). ( Table 1).

Table 1. Fatty acid content ( g/ 100g total fatty acids). of edble vegetable fats and oils (Gurr, 1992)

Saturated Monounsaturated

Commodity Fatty Acids Fatty Acids Linoleic Acid ( N-6) Linolenic Acid (N-3)
Coconut 90 7 2 0
Comn 17 30 50 2
Olive 14 72 11 1
Palm 47 43 8 trace
Rape 5 54 23 10
(low erucic)
Safflower
(high linoleic) 9 15 & !
Soyabean 14 25 52 7
Sunflower 12 33 52 trace

Simultaneously, the ratio of dietary n-6 / n-3 polyunsaturated fatty acids from presently 15: 1 in the Western diet can be
lowered towards 5:1 as recommended by international recommendations for a healthy diet (German Nutrition Society, 2002;
Krauss et al., 2000). This is due to the comparatively low ratio of n-6/ n-3 in rape oil ( Table 2).

Table 2. Comparison of edible oils: n-6 and n-3 fatty acids in absolute and relative contents.

. n- 3 Fatty acids Ratio
Commodity 2/100g 16 /-3

Marine Fish (Herring) 3 0.1
Nuts (Walnut) 3 10
Rape Oil 11 1.9

Linseed Oil 57 0.28
Soy Oil 7 7.7

Olive Oil <1 132

Sun Flower Oil <l >70

Considering these data it is no surprise that diverse beneficial metabolic effects of rapeseed oil have been reported. In
controlled studies with healthy adult volunteers this oil provoked favourable effects on level and composition of serum
lipoproteins (Kratz et al., 2002). First, the serum lipoprotein profile changes were as favourably as those caused by olive or
sunflower oil. Secondly, the Low Density Lipoprotein (LDL) particles were particularly protected from oxidation presumably
by the high content of the monounsaturated fatty acid, oleic acid (18:1), in the lipoprotein following rapeseed oil consumption.
Third, a rise of eicosapentanoic acid ( 20:5, n-3) in these particles (Kratz et al., 2002) proved the elongation of a- linolenic acid
to this long-chain n-3 fatty acid which has been shown repeatedly to be protective what concerns cardio-vascular events
(Mozzafarian, 2006).

Moreover, most of the prospective epidemiological studies suggest that the preeminent n-3 polyunsaturated fatty acid in
rapeseed oil, namely a-linolenic acid, reduces the incidence of coronary heart disease (Brouwer IA, 2004). In an intervention
study with patients after myocardial infarction in which the n-6 / n-3 ratio of dietary fatty acids ( linoleic vs linolenic acid) was
about 4 : 1, a significant reduction in the reinfarction rate has been achieved (de Lorgeril ef al., 1999). In summary, a multitude
of data strongly suggest a cardioprotective effect of rapeseed oil by its dominant n-3 polyunsaturated fatty acid a-linolenic acid
( 18:3, n-3) which warrants to be corroborated by further confirmatory evidence (Barth, 2006; Geleijnse, 2006; Zock, 2006).

Safety. Whereas n-3 fatty acid containing food, as e. g. marine fish, has generally been reported to lower the risk for
cancer some earlier studies observed a rise of risk for prostate cancer. These latter studies are inconsistent, because two
prospective and four case-control studies observed no association between dietary, serum, adipose, or prostate tissue
o-linolenic acid levels and prostate cancer risk, whereas, in contrast, three prospective and five case-control studies reported a
statistically significant or non-significant 2-4-fold increased risk of prostate cancer among men with high a-linolenic acid
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exposure determined by dietary or blood assessment. All these studies are merely epidemiological evidence, whereas in vitro
and metabolic findings are lacking (Leitzmann, 2006; Leitzmann, 2004).The lack of consistency may be caused
methodologically as exposure to a-linolenic acid can hardly or only imprecisely determined in epidemiological studies
(Leitzmann, 2006). In summary, further evidence in men is needed to resolve the relation of n-3 fatty acids, a-linolenic acid in
particular, and risk of prostate cancer (Leitzmann, 2006). To summarize, there is no consistent set of data from epidemiological,
metabolic and biochemical research substantiating a risk of rape oil consumption at the present time. Further such research is
needed. Another topic for future research is the definition of safe limits of different procedures applied in industrial usage of
rapeseed oil, particularly heating procedures like deep frying and others with the aim to prevent or minimize formation of
potentially toxic products (Warner, 1999).

Rapeseed Protein. Animal nutritionists are well aware of the nutritional value of rapeseed protein. It is extensively used
in monogastric, poultry and ruminant feeds. For example, satisfying weight gains of more than 800 g/day can be achieved in
pig production if 10 % of rapeseed meal with less than 10 mmol glucosinolates’kg meal is fed (Weiss, 2006).Nutritional
evaluation of rapeseed meal by earlier investigators resulted in somewhat lower but considerable weight gains in several
animal species if compared to soy concentrate (Fig.1). This is based on the high biological value of rapeseed protein caused
by a favourable amino acid profile (O'Mara, 1997). The somewhat lower weight gain by rapeseed meal as compared to soy
concentrate is caused by a lower true protein digestibility (78.9% vs 90.4%) (Drouliscos, 1969) and bioavailability of the
limiting amino acid lysine. The prececal digestibility of rapeseed meal lysine as measured in the pig amounts to 75 % as
compared to 89 % of soy concentrate lysine (Weiss, 2006). Also the PDCAAS was reported to be significantly lower
(Rozan, 1997). This can be explained by the comparatively high concentration of 14-16 % of crude fiber (per dry matter) in
rapeseed meal impeding protein digestibility. So, whereas the content of 5,9 g lysine per 16 g N of rapeseed protein is
considerable and sufficient to meet the nutritional requirements this satisfying biological value is compromised by the
accompanying fiber. This leads to conclude that attempts to exploit rapeseed protein for human nutrition have to remove
substances impeding digestibility either by breeding or food technology ( see below).
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Fig. 1. Body-weight (g) gains of rats from weaning to maturity. The periods of protein-free
feeding are indicated by @ and b on the curve. A—/A, SM diet; A— A, CS diet; O—O,
RM(S) diet; @ —@, RM(PS) diet.

Fig. 1: RM(S) = rapeseed meal. SM = Soy concentrate.
Drouliscos (1969)

Minor components. Rapeseced meal contains water-soluble vitamins, as thiamine (0,82 mg/100 g dry wt), riboflavin
( 0,33 mg/100g), niacin (8 mg/100g), pyridoxine (1,8 mg/100g) and pantothenate ( 0,48 mg/100g) (Mansour; 1993)
Tocopherols range between 600-700 mg/kg rapeseed oil, y- and o~ forms contributing 64 and 35 %, respectively, and the
d-form less than 1 % (Goffman, 2000). Rapesseed oil has the highest amount of total antioxidants, stability ( against oxidative
damage), and total radical-trapping antioxidant potential among other oils ( sunflower varieties and grapeseed) (Ciz, 2002) A
number of more polar phenolics, like sinapinic acid and its derivatives contribute to this activity (Vuorela, 2005).

Technology. As mentioned the prerequisite for rapeseed protein use in human nutrition is the removal of antinutrients, as
glucosinolates, tannins and fiber among others. Several technological attempts are being pursued to reach preparations with
satisfying solubility and sensoric quality for food purposes (Anonymous, 2006; Klockemann, 1997; Leckband, 2002).

Breeding. A major breeding target is the creation of yellow-seeded varieties with a lower amount of substances as
sinapine, cellulose, tannins or lignine in order to raise protein digestibility and sensoric acceptance. A health-related target is
the introduction of “ fish” very long-chain n-3 polyunsaturated fatty acids ( 20:5, n-3 and 22:6,.n-3) (Leckband, 2002) for
populations living in areas  distant from the coast. Moreover, plant production of these nutritionally valuable fatty acids will
be an important alternaive to the insufficient if not shrinking marine resources for future world nutrition (Pimentel, 1996).
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Summary and conclusions. Rapeseed oil is a nutritionally highly valuable complement of human nutrition
recommended unanimously by numerous national and international authorities because of its low content of saturated and
high content of n-3 polyunsaturated and monounsaturated fatty acids. Recent observations suggesting a possible relation with
prostate disease and risks by heating this commodity by industrial processes or cooking should be pursued and scrutinized in
future research. It is worthwile to elaborate further by nutrition research the health attributes of minor compounds (vitamins,
polyphenols, plant sterols among others) of rapeseed. The outstanding antioxidative potential of these constituents harbors a
promising perspective for human health. Rapeseed protein is a biologically valuable plant protein with an optimal perspective
for human nutrition provided antinutrients impeding protein digestibility will be removed by breeding or food technology.
Plant breeding offers numerous options for future usage of rapeseed. Among these is the introduction of very-long-chain n-3
polyunsaturated fatty acids of the seafish type into rapeseed oil particularly attractive for human health.
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