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GCIRC and GCIRC Congress

The Groupe Consultatif International de Recherche sur le Colza (GCIRC), with its office at 12, avenue George V, 75008
Paris, France, was established to encourage scientific and technical research concerning the improvement of rapeseed and its
processed products from the agronomic, technological and foods perspectives, and to encourage collaboration among
researchers. The organization has no political activity.

The GCIRC is managed by the Board of Directors elected by 70 subscribing members from more than twenty countries.
The secretary of the GCIRC is Mr. André Pouzet, CETIOM, with office support of Mrs. Laurencine Lot. Professor Fu
Tingdong, Huazhong Agricultural University, Wuhan 430070, China is the current GCIRC President.

The GCIRC International Rapeseed Congress is held every four years with GCIRC Technical Meetings between two
major events. Staring from 1987, GCIRC issues an award on its every congress to honor scientists who have made significant
contributions to one of the areas in rapeseed research. So far there are six scientists having received the honor: Dr. Baldur R.
Stefansson (Canada, 1987), Prof. FU Tingdong (China, 1991), Dr. R. Keith DOWNEY (Canada, 1995), Dr. Jacques MORICE
(France, 1995), Dr. Gerhard ROBBELEN (Germany, 1999), Dr. Jan KRZYMANSKI(Poland, 2003).

The 12th International Rapeseed Congress, with the theme of “Sustainable Development in Cruciferous Oilseed Crops
Production” is held in Wuhan, China, March 26-30, 2007. The congress consists of a program with the following seven
sections: Genetics and Breeding, Biotechnology, Agronomy, Plant Protection, Quality, Nutrition and Processing, Feed and
Industrial Raw Materials, and Trading and Policies. Each of these sections is divided into oral and poster presentations. In
addition, the congress also hosts 8 workshops covering a range of topics.

The contributions from oral presentations and posters are included in books of Abstracts and Proceedings with the full
papers, and an electronic disc.

On the occasion of the 20 anniversary of the founding and awarding of the Eminent Scientist Award by GCIRC, Ministry
of Agriculture of the People’s Republic of China will grant an honored certificate to all the awardees ever on this congress.
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Welcome Address by the President at the Opening Ceremony of the
12" International Rapeseed Congress

Good morning ladies and gentlemen,

On behalf of GCIRC, the Advisory Committee, the Organizing Committee, the Scientific Committee, the International
Scientific Committee of the 12" International Rapeseed Congress and all the staff members of the Congress, it is a great honor
for me at this significant moment to extend our warmest welcome to the friends and participants from all over the world. I
would like to take the opportunity to express our gratitude to the Ministry of Agriculture of the People’s Republic of China,
Hubei Provincial Government, Wuhan Municipal Government, the Chinese Academy of Engineering and all the other
supporters. My gratitude also goes to the enterprises that have sponsored the Congress.

2007 is the year of the 20™ anniversary of the GCIRC Eminent Scientist Award, which is a particular honor for the
distinguished scientists in rapeseed research field. Six scientists so far have won the prize. Today, in addition to myself, we are
privileged to have Dr. K. Downey, Dr. G. Rbbelen, Dr. J. Krzymanski presented on the Congress. I would like to express our
warmest welcome to them.

As you all know, China is the country with the largest rapeseed planting area, which is about 7 million hectares, with 11
million tons of production annually, of which 85% are produced in Yangtze River Basin. Rapeseed yield in China accounts for
30% of the world’s total production. Hubei, located in the middle of the Yangtze River Basin, is the largest rapeseed
production province. Two major rapeseed research institutes in China, Huazhong Agricultural University and the Oil Crop
Research Institute of Chinese Academy of Agricultural Sciences, and the National Research Center of Rapeseed Engineering
Technology, jointly-run by the two institutes, are located in Wuhan, the capital city of Hubei province. I believe that the 12"
International Rapeseed Congress will have a great impact on both rapeseed production and the research in China, particularly
in Hubei Province. It is hopeful that the Congress will be a very good occasion for all our participants to discuss, communicate
and learn from each other in the field of rapeseed research and production.

In retrospect, the history of rapeseed development has witnessed the significant achievements of rapeseed research in the
past 30 years. Scientists all over the world have contributed jointly to the development in quality improvement, hybrid vigor,
resistance breeding, biotechnology, cultivation physiology etc. Rapeseed is not only an edible oil crop, a fertilizing crop, or a
honey crop, but also a major promising biodiesel crop, which brings about new opportunities for rapeseed production and
research. The GCIRC has been the active force in promoting the exchange, the dissemination and the utilization of the
achievements.

The theme of this Congress is “The Sustainable Development in Cruciferous Oilseed Crops Production”. Seven
Hundred abstracts related to the theme have been submitted and more than 700 scholars are attending the Congress, which
demonstrates your solicitude, support and wish for the 12" International Rapeseed Congress held in Asia for the first time. I
am convinced that the 12" International Rapeseed Congress will be worth your trust.

To end my speech, I wish every participant a pleasant stay in Wuhan, and the Congress a brilliant success. Thank you.

Fu 7_?“//?1

GCIRC President
President of the 12" International Rapeseed Congress
Professor of Huazhong Agricultural University
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Rapeseed for human nutrition — present knowledge and future options

Christian A. Barth

Institut fiir Erndhrungswissenschaft, Universitdt Potsdam, D 14558 Nuthetal, Germany. barth@(dife.de

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.

References

Anonymous. (2006). Burcon nutrascience corp.www.burcon.net; accessed 28. 11. 2006

Barth, C. Erbersdobler., HF. (2006). Cardiovascular health and safety of rapeseed oil in human nutrition. Akt. Ernaehr Med, 31,2111-2117.

Brouwer IA, Katan. M., Zock PL. (2004). Dietary alpha-linolenic acid is associated with reduced risk of fatal coronary heart disease, but increased prostate cancer
risk: A meta-analysis. J Nutr, 134,919-922

Ciz, M., Gorinstein, S, Lojek, A, Martin-Belloso, O, Leontowich, H Trakhtenberg, S. (2002). Comparative antioxidative properties of selected seed oils. Free
Radical Research, 36 S1, 64-65.

de Lorgeril, M., Salen, P., Martin, J. L., Monjaud, 1., Delaye, J., & Mamelle, N. (1999). Mediterranean diet, traditional risk factors, and the rate of cardiovascular
complications after myocardial infarction: Final report of the Lyon diet heart study. Circulation, 99(6), 779-785.

Drouliscos, N., Bowland,JP. (1969). Biological evaluation of rape-seed meal in rats. BrJ Nutr, 23, 113-118.

Geleijnse, J. (2006). Health effects of alpha-linolenic acid and experimental design of the alpha omega trial (abstr.). Akt Eraehr Med, 31,214-215.

German, S. N. (2002). Reference values for nutrient intake. Frankfurt/Main, Germany: Umschau Braus.

Goffman; FD, Moeller., C, &. (2000). Changes in tocopherol and plastochromanol-8 contents in seeds

and oil of oilseed rape (brassica napus 1.) during storage as

influenced by temperature and air oxygen.J Agric Food Chem, 48, 1605-1609.

Gurr, M. 1. (1992). Role of fats in food and nutrition. Elsevier Applied Science Publishers, London.

Klockemann, D., Toledo, R, Sims; KA. (1997). Isolation and characterization of defatted canola meal protein. J Agric Food Chem, 45(10), 3867-3870.

Kratz, M., Cullen, P., Kannenberg, F., Kassner, A., Fobker, M., Abuja, P. M., et al. (2002). Effects of dietary fatty acids on the composition and oxidizability of
low-density lipoprotein. Eur J Clin Nutr, 56(1), 72-81.

Krauss, R. M., Eckel, R. H., Howard, B., Appel, L. J., Daniels, S. R., Deckelbaum, R. J., et al. (2000). AHA dietary guidelines: Revision 2000: A statement for
healthcare professionals from the nutrition committee of the american heart association. Circulation, 102(18), 2284-2299.

Leckband, G., Frauen, M, Friedt,W. (2002). Napus 2000. Rapeseed (brassica napus) breeeding for improved human nutrition. Food Res Int, 35(2-3),273-278.

Leitzmann, M. (2006). N-3 fatty acids and risk of prostate cancer (abstr.). Akt Eraehr Med, 31,215.

Leitzmann MF, S. M., Michaud DS, Augustsson K, Colditz GC, Willett WC, Giovannucci EL. (2004). Dietary intake of n-3 and n-6 fatty acids and the risk of
prostate cancer. Am J Clin Nutr., 80,204-216.

Mansour; EH, D., E, Lugasi, A, Gaal, O Barna, E, Gergeley,A. (1993). Effect of processing on the antinutritive factors and nutritive value of rapeseed products.
Food Chemistry, 47,247-252.

Mozzafarian, D. R., Rimm, EB. (2006). Fish intake, contaminants, and huiman health. JAMA4, 296, 1885-1899.

O’Mara, F., Murphy, JJ, Rath, M. (1997). The amino acid composition of protein feedstuffs before and after ruminal incubation and after subsequent passage
through the intestines of dairy cows. J Anim Sci, 75, 1941-1949.

Pimentel, D., Shanks, RE, Rylander, JC. (1996). Energy use in fish and aquacultural production. In: Food, Energy, and Society. Pimentel,D and Pimentel, M
ed. Niwot,Co: University Press of Colorado.

Rozan, P., Lamghari, R, Linder, M, Villaume, C, Fanni, J, Parmentier, M, Mejean, L. (1997). In vivo and in vitro digestibility of soybean, lupine, and rapeseed
meal proteins after various technological processes. J Agric Food Chem, 45, 1762-1769.

Vuorela, S., Kreander, K, Karonen, M, Nieminen, R, Hdméldinen, M, Galkin, A, Laitinen, L, Salminen, J, Moilanen, E, Pihlaja, K, Vuorela, H, Vuorela, P,
Heinonen, M. (2005). Preclinical evaluation of rapeseed, raspberry, and pine bark phenolics for health related effects. J Agric Food Chem, 53, 5922-5931.

Warner, K. (1999). Impact of high-temperature food processing on fats and oils. Adv Exp Med Biol, 459, 67-77.

Weiss, J. Schoene., F. (2006). Rapsextraktionsschrot in der Schweinefiitterung. Praxisinformation. UFOP. www,ufop.de; accessed 28. 11. 2006

Zock, P. (2006). An overview on alpha-linolenic acid and cardiovascular disease (abstr.). Akt. Eraehr Med, 31,214.



6 QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition

Recent advances in glucosinolate research

Elke Bloem, Silvia Haneklaus, Ewald Schnug

Institute of Plant Nutrition and Soil Science, Federal Agricultural Research Center (FAL), Bundesallee 50, 38116 Braunschweig, Germany
Email: pb@fal.de

Abstract

This contribution will review recent advantages in glucosinolate research based on own research projects and literature data.
Glucosinolates were investigated comprehensively in the early 1980s when high glucosinolate contents in rapeseed meal caused
problems in animal nutrition and double low oilseed rape varieties were introduced. Since then the focus of research has changed
in such way that nowadays metabolism and transport of glucosinolates, ecological relevance of glucosinolates and practical
applications in bio-fumigation and use as health promoting substances are the main topics of interest.

Investigations were undertaken to resolve the metabolic background of lower glucosinolate contents in double low oilseed
rape varieties in comparison to single lows. Earlier studies have already shown that double low varieties accumulate sulphur in
pod walls and it was proposed that a metabolic block exists which led to the accumulation of intermediary products of the
glucosinolates biosynthesis which could not be transported into seeds. Recently conducted field trials support this hypothesis.
Double low varieties showed distinctly higher total sulphur contents in pod walls at seed maturity than single lows where a higher
proportion of sulphur was bound in seeds. During pod development an early accumulation of glucosinolates in seeds took place.
Only low glucosinolate contents of <2.5 pmol g” d.w. could be determined in pod walls of single low varieties. In double low
varieties the glucosinolate content in pod walls decreased from more than 30 pmol g d.w. at the beginning of pod development to
about 1pmol g at seed maturity.

Bio-fumigation as a technique to reduce biologically soil-borne infestations with nematodes and fungi is discussed as well as
effects of glucosinolates on different insect populations in relation to the sulphur nutritional status.

Health promoting effects of glucosinolates were investigated in experiments with piglets where seeds of Tropaeolum majus
were fed in different amounts and growth parameters such as animal weight and fodder intake, chemical data like the
isothiocyanate content and pH in urine, and microbial investigations of the excrements were recorded. In human nutrition efforts
were undertaken to enrich the glucoraphanine and sulphoraphane content in Brassica oleracea which are supposedly have a
highly anti-carcinogenic potential.

Key words: single/double low oilseed rape, pod wall, biofumigation, health promoting effect

Introduction

In the 1980s and 1990s research in the field of glucosinolates (GSL) focused on the biosynthesis and breeding of varieties,
which were low in seed GSLs in order to avoid a thyroid effect when using rapeseed meal in animal nutrition. Besides
environmental and agronomic factors, the physiological functions of GSLs were investigated comprehensively (Schnug, 1990,
1993). Since the introduction of double low oilseed rape varieties in the 80’s the physiological background of a lower GSL
content in seeds of double low varieties is still unknown. Single low and double low oilseed rape varieties contain similar
amounts of total S in vegetative plant parts, while seeds show significantly lower S and GSL contents (Fieldsend and Milford,
1994). There exist opposing theories how these differences can be explained. It is commonly accepted that the seed-GSLs are
mainly synthesized in the pod walls (De March et al., 1989). The lower GSL content in double low varieties is explained either
by a metabolic block in GSL biosynthesis or by a reduced transport of GSLs or intermediary products of GSL biosynthesis
into seeds.

Today the main focus in GSL research is put on application aspects. Efforts are undertaken to take advantage of the
biocidal effect of GSLs in agriculture. “Biofumigation” is a term which refers to the release of biocidal compounds from
GSL-containing crops during green manure, crop rotation or direct application for example as pellets, which aims at a
suppression of soil-borne pests and pathogens (Sarwar et al., 1998; Lazzeri et al., 2004). Additionally research is carried out on
the health promoting effects of GSLs and so-called nutraceuticals which contain high contents of health promoting substances
(Mithen et al., 2000; Moreno et al., 2006). It is the aim of this contribution to summarize recent advances in GSL research.

Glucosinolates in developing seeds and pod walls of single low and double low oilseed rape varieties

An investigation of the changes in total sulfur (S), sulfate-S and GSL contents of developing seeds and pod walls of a
single low and double low winter oilseed rape variety provided new insight into GSL biosynthesis of oilseed rape (Bloem et
al,, 2007). At the very start of pod development, differences in S accumulation in whole pods were not significant between the
two varieties, but already at BBCH 73 a higher proportion of S was bound in seeds of the single low variety (Jet Neuf), while
in the double low variety (Ceres) a higher proportion was bound in pod walls (Fig. 1). Nevertheless it could be shown that no
differences in GSL biosynthesis could be observed until BBCH 77. Afterwards a strong increase in seed GSL occurred in the
single low variety, while the double low variety remained stable with respect to seed GSLs and free sulfate accumulated in pod
walls. As a result the single low variety bonded the same amount of total S in seeds at maturity as the double low variety did in
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Figure 1. Changes in total sulfur, sulfate-S and total GSL content in developing seeds and pod walls of a single low and a double low oilseed
rape variety (data from Bloem et al., 2007; BBCH scale according to Strauss et al., 1994).

Time-course experiments have shown that an increase in seed GSLs in developing pods was associated with a decrease
in the GSL content of the pod walls what is an indication that the pod walls are the main sites of GSL biosynthesis (De March
etal., 1989, Fig. 1). It was Josefsson who observed already in 1971 that the low GSL content in the Polish spring rape cultivar
Bronowski was not caused by a reduced S uptake and he could show in radio-tracer experiments the existence of a metabolic
block in GSL biosynthesis. Zhao et al. (1993) concluded from the increasing sulfate content in pod walls of double low oilseed
rape varieties that a metabolic block in the GSL synthesis is responsible for the low GSL content of double low rapeseed
varieties. Also Bloem et al. (2007) found increasing sulfate contents in the pod walls of double low varieties during pod
development but this increase was consistent during the whole period of pod development, including the very early stages of
pod development (BBCH 75-81). The fact that at the beginning of seed development the single and double low winter oilseed
rape varieties behave similar in accumulating GSLs in seeds, which are most likely translocated from the pod walls into the
seeds, makes it difficult to explain the phenomenon of different GSL contents in seeds of single and double low varieties. It is
most likely that the transport of GSLs is no problem but that less intact GSLs are produced in double low varieties later in pod
development. Moreover double low oilseed rape varieties seem to be less efficient in using S, which is indicated by lower S
contents in vegetative tissues and pods in double low summer rape varieties early in pod development compared to single low
varieties (Bloem et al., 2007). Most likely there is more than a single explanation for the lower GSL contents in seeds of
double low varicties. The GSL content is a highly variable parameter which is not only influenced by environmental,
agronomic and genetic factors, but to a great extent also by the post-harvest treatment. In general, a decrease of the GSL
content after harvest is assumed when seeds are air-dried. When whole pods during pod development are, however
freeze-dried and subsequently separated into pod walls and seeds in order to prevent GSL losses, Bloem et al. (2007) could
show that this procedure delivered a very high variation of the GSL content, which could not be explained by seed
development. It proved to be necessary to separate seeds from pod walls directly in the field to produce representative results.
This procedure is particularly time-consuming during early pod development. In any case, the question remains open which
apparently measured changes in S metabolites have been caused by the sampling procedure. So, an increased sulfate content
in the pod walls of double low varieties might be a result of break-down from intermediary products of the GSL biosynthesis
and glucosinolates, or free sulfate might have accumulated.

Application of glucosinolate research

Today most research in the field of GSLs concentrates on their use in agriculture, human nutrition and health. Next a brief
overview of recent advances in this kind of GSL research are highlighted.

Biofumigation is a term which refers to the release of biocidal, fungicidal and nematicidal compounds from
GSL-containing crops during green manure, crop rotation or direct application, for example as pellets, which suppress
soil-borne pests and pathogens (Sarwar et al., 1998; Lazzeri et al., 2004). Research shows that the GSL-myrosinase system
may provide a natural alternative for methyl bromide soil fumigation (Lazzeri et al., 2004). GSLs have no biocidal action, but
their hydrolysis products, the isothiocyanates (ITCs) show biocidal action against a broad range of bacteria, fungi and
nematodes in the soil (Buskov et al., 2002; Rosa et al., 1997). Because of this anti-microbial activity, GSL-containing crops
have been tested as bio-fumigants. So, the incorporation of plant residues into the soil resulted in the release of biocidal ITCs
(Brown and Morra, 1997). Many ITCs showed, however, a highly biocidal action in laboratory trials, while the results from
field experiments often failed to show significant effects. The reason is that only a low proportion of the GSLs is transferred
into ITCs (Gimsing and Kirkegaard, 2006). Calculated ITC-release efficiency accounted for 26% and 56% for high GSL rape
and mustard, respectively (Gimsing and Kirkegaard, 2006). Morra and Kirkegaard (2002) could show that the greatest
improvement in the use of Brassica biofumigants would be to develop methods to increase cell disruption and thereby
maximizing GSL hydrolysis and ITC release.

The release of ITCs depends on soil pH: in soils with a pH above 5.5 ITCs will be the predominant product of GSL
breakdown (Borek et al., 1996) while at lower pH other products like nitriles are released. Other soil parameters which affect
the release of ITCs from GSLs are soil moisture, the organic matter and clay content as ITCs can be adsorbed to soil particles



8 QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition

and organic matter (Matthiessen and Shackleton, 2005).
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Figure 2. Factors affecting the potential of biofumigation of green manure, glucosinolate-containing crops in crop rotation and application of
glucosinolate-containing products, respectively.

For a high potential of biofumigation the biofumigant needs to have a high GSL content, needs to be finely dispersed in
the soil and needs to release ITCs of high toxicity. Aromatic ITCs are more toxic than aliphatic ITCs; from aliphatic ITCs
those with short side-chains are much more toxic than those with longer aliphatic side chains (Manici et al., 1997; Sarwar et al.
1998). The activity of aromatic ITCs is restricted because they need to be in direct contact with the pathogen as they have a
lower volatility than aliphatic ITCs (Matthiessen and Shackleton, 2005). Also important for the biofumigation potential is the
coincidence of pathogen attack and the release of ITCs (Fig. 2). Gimsing and Kirkegaard (2006) could show that the
concentration of GSLs and the corresponding ITCs declined rapidly during the first 4 days after incorporation of pulverized
GSL-containing plant material although both could be detected in the soil for up to 8 days after incorporation. The highest
levels of soil ITCs were determined in the soil immediately (30 minutes) after pulverization and incorporation of mustard
with a high GSL content into the moist soil. Thus, a coincidence of ITC release and pathogen attack is not very likely if
GSL-containing crops are grown in the crop rotation or as green manure. It seems to be more promising to develop a
functional bio-fertilizer, with high concentrations of the most biocidal ITC-releasing GSLs and coatings which will warrant a
continuous release of GSLs and ITCs and which will prevent adsorption by clay minerals or organic matter.

Pharmacological relevance of GSL-containing crops: GSLs have long been known for their anti-nutritive effects in
animal nutrition. In contrast, the breakdown products of GSLs are responsible for the flavor of Brassica vegetables and there is
increasing evidence that they act as anti-carcinogens in human aliments (Verhoeven et al., 1997; Hecht, 1999; Mithen et al.,
2000). Sulforaphane, an ITC in broccoli, is an efficient inducer of Phase II enzymes which help to detoxify carcinogens
(Talalay et al., 1995). Allyl ITC’s blocked the growth of cancer cells in vitro (Musk et al., 1995), phenylethyl ITC induced cell
death (Huang et al., 1998) and sinigrin suppressed proliferation, increased apoptosis and reduced carcinogenesis in rats after
treatment with a carcinogen (Smith et al., 1998). The most important reaction of ITCs is probably the modulation of the
activities of Phase I and II enzymes which catalyze a variety of hydrolytic, oxidation or reduction reactions (Phase I), which
products are then available for conjugation reactions (Phase II) and excretion (Mithen et al., 2000). The fact that GSLs are the
principal source of anti-carcinogenic activity in Brassica vegetables provides a strong motive for the manipulation of GSL
levels in vegetables for human consumption (Mithen et al., 2000).

Parameters influencing the GSL content are S fertilization, light intensity, temperature, growth stage of the crop, plant
part, interactions with pathogens and genetic variability (Rosa et al., 1997). Just recently it could be shown that applying
controlled post-harvest abiotic stress to harvested plant parts of nasturtium enhanced significantly the glucotropaeolin (GTL)
content, which is an important criteria for the phytopharmaceutical value of the raw material. Drying leaves of nasturtium at
40°C in a ventilated oven increased the GTL from about 40 to > 200 % compared to freeze-dried leaf material (Bloem et al.,
2006).

GSLs can be also an interesting alternative to recently banned in-feed-antibiotics in animal nutrition as ITCs may unfold
anti-microbial effects. GTL from nasturtium is used against urinary tract infections of humans. Just recently a first expe