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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: 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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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
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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 experiment
was conducted with weaning piglets to investigate the effect of different doses of GTL on feed intake, growth performance,
intestinal micro-biota and benzyl-ITC concentrations in the urine. For the first time it could be shown that supplementation of
animal feed with nasturtium was well-tolerated, had no influence on feed intake and growth rate of the piglets. Benzyl-ITC
was found in the urine of those piglets which received nasturtium. With higher rates of supplementation also the ITC excretion
increased but the total value depended very much on the amount of urine, which was excreted by the piglets (unpublished
data).

Research in GSL is of prime practical relevance and recent advances in GSL research are expected to contribute
substantially to food quality and sustainable agricultural production.

References

Bloem E, Haneklaus S, Schnug E (2006) Comparative effects of sulfur and nitrogen fertilization and post-harvest processing parameters on the glucotropaeolin
content of Tropaeolum majus L. J. Sci. Food Agric. (in press).

Bloem E, Haneklaus S, Schnug E (2007) Changes in the glucosinolate and total sulphur content of developing seeds and pods of single low and double low



QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition 9

summer and winter oilseed rape varieties (Brassica napus L.) J Plant Nutr. (in prep).

Borek V, Morra MJ, McCaffirey JP (1996) Myrosinase activity in soil extracts. Soil Sci. Soc. Am. J. 60:1792-1797.

Brown PD, Morra MJ (1997) Control of soil-borne plant pests using glucosinolate-containing plants. Adv. Agron. 61: 167-231.

Buskov S, Serra B, Rosa E, Sorensen H, Sorensen JC (2002) Effects of intact glucosinolates and products produced from glucosinolates in myrosinase-catalyzed
hydrolysis on the potato cyst nematode (Globodera rostochiensis Cv. Woll). J. Agric. Food Chem. 50: 690-695.

De March G, McGregor DI, Séguin-Shwartz G (1989) Glucosinolate content of maturing pods and seeds of high and low glucosinolates summer rape. Can. J.
Plant Sci. 69: 929-932.

Fieldsend J, Milford GFJ (1994) Changes in glucosinolates during crop development in single- and double-low genotypes of winter oilseed rape (Brassica
napus): 1. Production and distribution in vegetative tissues and developing pods during development and potential role in the recycling of sulphur within the
crop. Ann. Appl. Biol. 124: 531-542.

Gimsing al., Kirkegaard JA (2006) Glucosinolate and isothiocyanate concentration in soils following incorporation of Brassica biofumigants. Soil Biol. Biochem.
38:2255-2264.

Hecht SS (1999) Chemoprevention in cancer by isothiocyanates, modifiers of carcinogen metabolism. J. Nutr. 129: 768S-774S.

Huang C, Ma WY, Li J, Hecht SS, Don Z (1998) Essential role of p53 in phenylethyl isothiocyanate-induced apoptosis. Cancer Res. 58: 4102-4106.

Lazzeri L, Leoni O, Manici LM (2004) Biocidal plant dried pellets for biofumigation. Indust. Crops Prod. 20: 59-65.

Josefsson E (1971) Studies of the biochemical background to differences in glucosinolates content in Brassica napus L. 1. Glucosinolate content in relation to
general chemical composition. Physiol. Plant. 24: 150-159.

Manici LM, Lazzeri L, Palmieri S (1997) In vitro fungitoxic activity of some glucosinolates and their enzyme-derived products toward plant pathogenic fungi. J.
Agric. Food Chem. 45, 2768-2773.

Matthiessen JN, Shackleton MA (2005) Biofumigation: environmental impacts on the biological activity of divers pure and plant derived isothiocyanates. Pest
Managem. Sci. 61 (11): 1043-1051.

Mithen RF, Dekker M, Verkerk R, Rabot S, Johnson IT (2000) The nutritional significance, biosynthesis and bioavailability of glucosinolates in human foods. J.
Sci. Food Agric. 80: 967-984.

Moreno DA, Carvajal M, Lopez-Berenguer C, Garcia-Viguera C (2006) Chemical and biological characterisation of nutraceutical compounds of broccoli. J.
Pharmaceut. Biomed. Anal. 41: 1508-1522.

Morra MJ, Kirkegaard JA (2002) Isothiocyanate release from soil-incorporated Brassica tissues. Soil Biol. Biochem. 34: 1683-1690

Musk SR, Stephenson P, Smith TK,Stening P, Fyfe D, Johnson IT (1995) Selective toxicity of compounds naturally present in food toward the transformed
phenotype of human colorectal cell line HT29. Nutr. Cancer 24: 289-298.

Rosa E, Heaney RK, Fenwick GR, Portas CAM (1997) Glucosinolates in crop plants. Hortic. Rev. 19: 99-215.

Sarwar M, Kirkegaard JA, Wong PTW, Desmarchelier JM (1998) Biofumigation potential of brassicas - III. In vitro toxicity of isothiocyanates to soil-borne
fungal pathogens. Plant and Soil 201: 103-112.

Schnug E (1990) Glucosinolates — fundamental, environmental and agricultural aspects. In: Sulfur nutrition and sulfur assimilation in higher plants, (Rennenberg
et al. eds.), The Hague: SPB Acad. Publ. pp. 97-106.

Schnug E (1993) Physiological functions and environmental relevance of sulfur-containing secondary metabolites. In: Sulfur nutrition and assimilation in higher
plants. (De Kok et al. eds.) The Hague: SPB Acad. Publ. pp.179-192.

Smith TK, Lund EK, Johnson IT (1998) Inhibition of dimethylhydrazine-induced aberrant crypt foci and induction of apoptosis in rat colon following oral
administration of the glucosinolate sinigrin. Carcinogenesis 19: 267-273.

Strauss R, Bleiholder H, van den Boom T, Buhr L, Hack H, Hess M, Klose R, Meier U, Weber E (1994) Einheitliche Codierung der phaenologischen
Entwicklungsstadien mono- und dikotyler Pflanzen. Ciba-Geigy AG, Basel, 56 pp.

Talalay P, Fahey JW, Holtzclaw WD, Prestera T, Zhang Y (1995) Chemoprotection against cancer by phase 2 enzyme induction. Toxicol. Lett. 82/83: 173-179.

Verhoeven DT, Verhagen H, Goldbohm RA, van den Brandt PA, van Poppel GA (1997) Review of mechanisms underlying anticarcinogenicity by brassica
vegetables. Chem. Biol. Interact. 103: 79-129.

Zhao FJ, Evans EJ, Bilsborrow PE,Syers JK (1993) Sulphur uptake and distribution in double and single low varieties of oilseed rape (Brassica napus L.). Plant
and Soil 150: 69-76.



10 QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition

Quality of canola (Brassica napus L.) varieties in Western Canada:
Evaluation of variability due to genetic, year and environmental
conditions using data from Canadian Grain Commission Harvest
Surveys and from Environment Canada meteorological stations

James K. Daun
AgriAnalytical Consulting, 663 Beaverbrook St., Winnipeg, MB R3IN IN7 Canada  Email: jdaun@shaw.ca

Abstract

Quality data (oil content, crude protein content (as oil-free protein and seed protein), the sum of oil and protein content and
chlorophyll content) from Canadian Grain Commission harvest surveys coupled with meteorological data from Environment
Canada (monthly minimum and maximum temperatures and monthly total precipitation by provincial crop district from 1992 to
2003) were used to evaluate quality factors for varieties of B. napus canola grown in Canada between 1992 and 2005. The analysis
was restricted to the most popular varieties that appeared in the survey at least 3 years and for which there were at least 20 data
points per year. Analysis of annual parameter means and overall variety ranks showed significant increases in protein content
and oil plus protein content were noted in B. napus canola over the period but although oil content increased, the increase was not
statistically significant. Chlorophyll content did not increase in harvest survey data but has increased in exports over the period.
Statistically significant differences were found between varieties for all of the above parameters and a strong variety by location
(province) effect. Sample variance within a variety was used as a rough measure of environmental sensitivity. There were
significant genetic differences in the sample variance between varieties and in many cases this was consistent across years and
locations.  Significant correlations were noted for meteorological parameters for oil content (low temperatures in June), protein
content (maximum temperatures in June and July), oil plus protein (minimum temperatures in August), chlorophyll (minimum
temperatures in September) and there were significant variety differences in the responses (slopes) to these parameters. This
suggests that it should be possible to design breeding strategies to develop varieties with greater or lesser sensitivity to
environmental fluctuations.

Key words: quality, environment, variety, oil, protein, chlorophyll, temperature, precipitation, variability

Introduction

In order to be recommended for registration for growing in Western Canada, varieties of canola are evaluated for quality
according to the rules and direction of the Western Canada Canola/Rapeseed Recommending Committee (WCC/RRC). These
rules establish minimum requirements and incentives in the case of oil content and protein content for the committee’s
recommendation of new varieties for registration in Canada. Concerns about the performance of new canola varieties have
been expressed but most of these might be put down to the recent changes in species balance (Daun, J. K. and DeClercq, D. R.,
98) (Daun, J. K., 2003). At the same time the Canola Council of Canada (CCC) has undertaken a review of canola quality
(Hickling, D., 2005) identifying chlorophyll, oil, protein and saturated fatty acids as ongoing issues. Furthermore, a review
of environmental and agronomic factors (Goodwin, 2004) concluded that recent variations in oil content, chlorophyll and oil
profile are due mostly to meteorological conditions. The study did not find a clear relationship between new genetic
innovations and oil content.

Ideally, data from controlled plot studies such as variety registration trials would be most valuable in this type of study.
In the Canadian situation, however, varieties require only one year of public testing before registration and the turnover of
varieties, including check varieties, in these trials is very rapid. Another source of information is the Canadian Grain
Commission (CGC) quality surveys of newly harvested Canadian rapeseed and canola crops (Declercg, D. R. and Daun, J. K.,
2005). Since 1994, reliable data on oil and protein content, chlorophyll and more recently saturated fatty acids has been
generated by NIR analysis of the individual samples in these surveys.

The present study was undertaken in order to provide a more in depth study of the performance, in terms of quality of the
major canola varieties grown in Western Canada over the past 12 years. The study utilizes data from CGC surveys to
evaluate differences between the major B. napus canola varieties in terms of oil content, protein content (of the meal),
saturated fatty acids and, if possible, chlorophyll content. In addition, the study attempts to determine whether there are any
differences between the varieties response to growing location or environmental factors for these parameters. (Daun 2006)

Materials and Methods

Statistical Methods Statistical procedures used were from either SAS version 9.1 for windows SAS Institute Inc., Cary,
NC, USA,, Origin version 7.5 Originlab Corporation, Northhampton MA, USA, Graphpad Instat version 3.05 GraphPad
Software, San Diego CA, USA or Microsoft Excel 2002 Microsoft Corporation, Seattle, WA, USA. The following
procedures were used.
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Correlation: Pearson correlation coefficients were determined for the relationship between quality parameters
(averaged by variety by provincial crop district) and meteorological data. The number of samples in each crop district was
used as a weighting factor.

Analysis of Variance: Both simple and factorial ANOVA’s were run using SAS.  Type III sums of squares were used.
Means tests were carried out using either the Bonferroni method, which accepts unequal sample sizes or by the Duncan’s test.
Repetitions found that there were no significant differences in the results by the two different means tests but the Bonferroni
results were used where there were significant differences in the number of groups.

Regressions: Quality factors averaged by crop district were regressed with meteorological data using simple linear
regression where correlations were significant and consistent in sign across the varieties. The number of samples per crop
district was used as the frequency. Slopes for the regression lines constructed were compared using the Bonferroni method
on Graphpad Instat. Regressions between quality factors and meteorological factors and location (latitude and longitude
averages for crop district) were also constructed using  forward selection with o =0.05. Partial correlations (expressed as %)
were compiled and gave an indication of the factors that might be important for future study.

Comparison of Coefficiants of Variation: The Brown-Forsythe method of comparing variances was used to construct
groups of equal variances by repeated analysis of variance using the Origin software. While this may not be a recognized
statistical process, it does provide some interesting information. The Brown-Forsythe test is more robust than the alternative
Levene test but both are questionable where samples have large differences in numbers as was the case in the data studied.

Harvest Survey Database of Canola Quality. Each year since 1956 the Canadian Grain Commission has surveyed
the quality of Canadian rapeseed and canola by obtaining and testing samples of farm deliveries or farm harvested crop. The
results of these have been published as crop bulletins and related reports to the Canadian canola and rapeseed industry.
Databases of information gathered from these surveys also have been established and information in these was used in the
current study.

Database of Environmental Information. A database of environmental information containing average values for
monthly minimum and maximum temperature and precipitation by provincial crop district for the years 1971 to 2002 was
prepared from Environment Canada data by the National AgriClimate Group of Agriculture Canada’s Prairie Farm
Rehabilitation Administration (courtesy Mr. Trevor Hadwen, AAFC-PFRA, Regina).

Results and Discussion

Oil Content. While oil content of Canadian canola has increased over the long term (Fig. 1), there was little evidence
of an increase over the past 14 years, either in the overall crop or in varieties (Fig. 2). There was a 3 percent difference in the
mean value of oil content between the variety with the highest and the variety with the lowest oil content and there were
significant differences between varieties both in their mean values and in the variation about those mean values (Figure 3).
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Figure 1.  Oil content of Canadian Canola from CGC Harvest ~ Figure 2. Rank of oil content for all varieties tested between 1994 and
Surveys 2006 plotted against the first year the variety appeared in the survey.

Some varieties showed low variability in oil content in each year studied (Fig. 4). Location, as expressed by province
also had a significant effect with samples from Alberta having the highest oil contents and those Manitoba the lowest. Some
varieties showed a greater stability to location than others.
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Figure4. Comparison of variances for oil content between major
varieties in the harvest survey between 1994 and 2005 showing only
varieties with more than 20 samples per year for at least 3 years.
Labels show the year first in the survey and the number or years in
the survey (not necessarily contiguous). Arrows show groups of

variances that are not significantly different according to the
Brown-Forsythe test.

—o— Harvest Survey
--e-- B. napus
44 - B. rapa
43— Harvest R?= 0.620 p = 0.0007
- 2 = =
< 42 B. napus R® =0.432 p = 0.01 )
£ 41
2
2 40
3
0 39
('
S 38-
3
5 37 \
(5} A/
36
v

Crop Year

35 T T T T T T T T
1990 1992 1994 1996 1998 2000 2002 2004 2006

Figure 5. Average crude protein contents of oil-free Canadian canola and rapeseed from Canadian Grain Commission Harvest Surveys, 1992
to 2005. showing differences due to species makeup.

Table 1. Comparison of June minimum temperature effect on oil content between varieties.

The regressions were weighted by the

number of data points (variety oil contents) per crop district.

Variety Data Points Slope’ Sgi Group R?
AC Excel 82 -0.813 0.127 A 0.479
Garrison 63 -0.682 0.111 B 0.378
Legacy 57 -0.679 0.117 B 0.654
Quantum 94 -0.409 0.106 C 0.163
Hyola401 92 -0.391 0.087 C 0.300
2273 52 -0.260° 0.155 D 0.080
46A65 101 -0.252 0.114 D 0.155
Innovator 56 -0.239 0.105 D 0.088

" change in oil with each °C increase in Minimum June Temperature

2

not significantly different from 0
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Minimum temperatures, particularly in June but also in May through August, had an effect on oil content and different
varieties responded to different degrees to this effect (Table 1).

Crude Protein Content. Oil-free protein content remained relatively constant the long term but over the past 12 years
it increased dramatically both in part due to the shift from a mixture of B. rapa and B. napus to almost complete B. napus and
also due to a significant increase in the crude oil free protein in B. napus varieties (Figure 5).

As with oil content, there were significant differences between variety means and variances and some varieties showed
consistency variance in each of the year’s studied. Samples from Manitoba had the highest oil free protein content and those
from Saskatchewan the lowest. Maximum temperatures in June and July played a significant role in determining crude oil free
protein content and there were variety differences in the magnitude of that effect (Table 2).

Table2. Comparison of July maximum temperature effect on oil free protein content between varieties. The regressions were
weighted by the number of data points (variety oil contents) per crop district

Variety Data Points Slope' Std. Dev. R’ Group2
v46A65 101 0.049 0.015 0.037 A
vQuest 80 0.058 0.009 0.079 B
v46A76 60 0.067 0.016 0.061 C
vQuantum 94 0.069 0.008 0.086 C
vConquest 47 0.082 0.019 0.100 D
v3235 39 0.090 0.022 0.147 E
vInnovator 56 0.092 0.017 0.099 E
v2273 52 0.103 0.028 0.097 F
vGarrison 63 0.103 0.018 0.127 F
v3455 38 0.105 0.015 0.310 F
v45A71 79 0.110 0.012 0.202 F
vQ2 38 0.121 0.032 0.117 G

vACExcel 32 0.128 0.015 0.138 GH

vLegacy 57 0.130 0.017 0.172 H
vSwArrow 48 0.139 0.026 0.182 H
v2153 54 0.151 0.027 0.230 I

' change in oil free protein with each °C increase in Maximum July Temperature
2 The Bonferroni test used in Table 7 was considered to be too conservative and the Student-Neuman-Keul test was used instead. Note that the standard
deviations were found to be significantly different.

Sum of Oil and Protein Content. The sum of oil and protein content has increased over the long term, mostly due to
increases in oil content but more recently due to the effect of increased meal protein content coupled with a steady (or slightly
increasing) oil content. ~ As with other parameters there were significant variety differences in means and variability about the
means although the year to year consistency of the response by variety was not noted. Samples from Alberta had the highest
oil plus protein content while those from Saskatchewan had the lowest.  August minimum temperatures had a significant role
in establishing oil plus protein content and there were variety differences in the magnitude of the effect (Table 3)

Table3. Comparison of August minimum temperature effect on oil plus protein content between varieties. The regressions were
weighted by the number of data points (variety oil contents) per crop district

Variety Data Points Slope' Std. Dev. R? Group
Legacy 57 -0.889 0.279 0.156 A
v34-55 38 -0.857 0.342 0.148 A
Quantum 94 -0.568 0.183 0.094 B
Conquest 47 -0.542 0.234 0.107 B
v2273 52 -0.434 0.176 0.107 B
v46A76 60 -0.431 0.198 0.075 B
Ac Excel 82 -0.294 0.111 0.081 C

' Change in Oil Pluse Protein Content (%) with each °C increase in Minimum August Temperature

Table4.. Comparison of September minimum temperature effect on chlorophyll content between varieties. The regressions were
weighted by the number of data points (variety oil contents) per crop district.

Variety Data Points Slope’ Std. Dev. R? Group
Quest 80 -0.133 0.043 0.110 A
2153 54 -0.132 0.040 0.171 AB

Garrison 63 -0.113 0.028 0.215 B

ACExcel 82 -0.094 0.023 0.171 C

45A71 79 -0.085 0.025 0.127 DD
2273 52 -0.062 0.026 0.103 E

46A65 101 -0.053 0.025 0.045 E

' Change in Chlorophyll Content (mg/kg) with each °C increase in Minimum September Temperature
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Chlorophyll Content. There was no long term trend in chlorophyll content as this factor is highly weather dependent.
This weather dependency should be kept in mind when considering other observations and conclusions. Chlorophyll
contents of top grade exports have increased over the past 10 years, mostly due to the lower amounts of the low chlorophyll B.
rapa varieties in the crop.  Significant differences in means and variability of chlorophyll were noted between varieties but
there was no trend towards the development of lower chlorophyll varieties. Samples from Alberta and Saskatchewan had
more chlorophyll than samples from Manitoba. Minimum temperatures in September played a significant role in
establishing chlorophyll content and there were variety differences in the effect (Table 4).
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Abstract

Brassica napus L. is widely grown in Yangzi River valley of China as a major edible oilseed. Because of the unpleasant
smell and toxicity from glucosinolates degradation products, genetic improvement has been made to decrease glucosinolates
concentration in seed by breeding. However, it was also found that leaf glucosinolates concentration and profiles were closely
related to plant diseases resistance and the taste of shoot as vegetable. And anticancer effects from degradation products of indolyl
and other glucosinolates were also reported. Recently, new varieties of Brassica napus L. used both for vegetable and oilseeds
were released and popularized in the middle and lower valley of Yangzi River. Rapeseed with high glucosinolate content in leaves
and low content in seeds were considered as ideal for both seed quality and plant diseases resistance. Therefore leaf glucosinolates
call for more and more attention. In this paper the variation of leaf glucosinolates content in all growth periods and the heterosis of
glucosinolates in leaf were studied with hybrids and their parents as well as the double high material by high performance liquid
chromatography (HPLC). The results showed that Leaf glucosinolate content in double-high material Zhongyou 821 decreased
from rosette to blooming stage, while in double-low material leaf glucosinolate increased from overwintering to budding period,
decreased at stem elongation stage and rose again at early blooming stage. Leaf glucosinolate contents and profiles varied
significantly in double-high and double-low rapeseeds although aliphatic glucosinolates were the dominant ones in both leaves.
All crosses presented mainly negative heterosis over both parents. The heterosis of leaf glucosinolates of F; and F, hybrids were
significant and negative in stem elongation and floral period, suggesting that it would be difficult to increase leaf glucosinolates in
these periods for high disease resistance and it might be the best time for harvesting shoots as vegetable.

Key words: Brassica napus, leaves, growth stage, glucosinolates, heterosis

Introduction

Rapeseed in which Brassica napus accounts for more than 90 percent is the most important oilseed cultivated in China as
the main edible vegetable oil source and animal feedstuff. The presence of glucosinolates in rapeseed influences the quality of
meal obtained after crushing the seeds as break-down products of the glucosinolates are goitrogenic which results in depressed
growth of the animals fed with meals containing high level glucosinolates. However, it has also been shown that there are
positive effects from glucosinolates degradation products such as the increase of diseases resistance. Indolyl glucosinolates
degradation products were reported to increase the mouse immunity. And rapeseed plant organs inoculated with high Indolyl
glucosinolates were found to be more resistant to pests. Milford showed that the degradation products of glucosinolates could
prevent rapeseed plant from mechanical damage and pests. Seed glucosinolates genetics has been widely studied and the
concentration especially aliphatic ones in seed has been significantly reduced by double low breeding program. In this study,
glucosinolates profiles, concentration and heterosis in growth stages of leaf in  Brassica napus were investigated by high
performance liquid chromatography.

Materials and methods

Rapeseed leaves materials from Brassica napus 1008,5899,6098, M;,R,Rs, Zhongyou 821 and  F;, F, populations were
planted in the Farm of Oil Crops Research Institute of Chinese Academy of Agricultural Sciences. Rapeseed leaves were cut
and frozen with liquid nitrogen at resetting, overwintering, budding, stem elongation, early blooming and blooming stages.
Leaves samples were stored in freezer at -45°C and dried by vacuum freezing at -45°C.
Leaves samples were grinded with microgrinder and extracted with 70% methanol (70%,v/v solution) by ultrasonic for 18
min after Imin water bath at 75°C for inactivation of myrosinase. Sample was transferred to mini ion-exchange column with
sulfatase and kept for 20 hours. After glucosinolate was ecluted, samples were analyzed by high performance liquid
chromatography. Waters M32 HPLC system with 510 pumps, 470auto-injector, connected to a 2487 ultraviolet detector was
used. Glucosinolates were separated with a Novapak C,g column at 30°Cand detected at the wavelength of 229 nm.
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Results and discussions

Leaves glucosinolates profiles at different growth stages

Concentration and components change of glucosinolates with growth stages of B.napus leaves was showed in Fig. 1 and
Table 1. Glucosinolates content varied significantly among the materials and growth stages. Glucosinolates content in double
high material Zhongyou 821 decreased from rosetting to blooming stage with the maximum content of 33.15 pmol-g”, while
in double-low material leaf glucosinolate increased from overwintering to budding period, decreased at stem elongation stage
and rose again at early blooming stage. The maximum value of M;, 1008, 6098 x 1008 and 6098 were 9.40, 7.11, 6.35 and
7.51umol-g”, respectively.
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Table1 Concentration of glucosinolates at different grow stages of B.napus leaves (umol-g™)

Material Total A B C D E F G H I J K
1008 545 1.97 0.10 0.23 0.19 0.52 0.27 0.81 0.67 0.59 0.13 0.09
5899 497 0.63 0.97 0.03 0.09 0.98 0.17 0.17 0.39 2.07 0.10 0.12
6098 4.71 0.77 0.26 0.44 048 1.35 0.26 0.44 031 0.79 0.13 0.13

M, 5.20 0.46 0.28 0.12 0.12 0.26 0.02 - 0.09 3.64 0.30 0.08
6098 x 1008  4.52 1.09 0.15 0.33 0.33 0.82 0.32 0.38 044 0.73 0.16 0.14
6098 x M, 3.02 0.71 0.16 0.24 0.12 0.53 0.08 0.17 0.15 0.84 0.12 0.07
5899 x 1008 3.10 0.73 - - 0.20 043 0.23 0.20 0.46 0.65 0.09 0.16
R, 0.85 0.15 0.23 0.03 0.06 0.05 0.02 - 0.07 0.50 0.04 0.08

R 4.18 1.64 - 0.10 0.10 0.71 0.38 - 0.61 0.50 0.07 0.12

821 17.53 8.94 0.49 0.07 0.75 4.17 1.17 1.06 2.17 1.80 0.23 0.32

A.Desulfoprogoitrin;  B.Desulfoglucoraphanin, C. Desulfogluconapoleiferin; D. Desulfoglucoalyssin; E. Desulfogluconapin, F. Desulfo-4-
hydroxyglucobrassicin; G. Desulfoglucobrassicanapin; H. Desulfoglucobrassicin; 1. Desulfogluconasturtin, J. Desulfo-4-methoxyglucobrassicin; K.
Desulfo-1-methoxyglucobrassicin

Aliphatic, aromatic and indolyl glucosinolates in B.napus leaves

The profile of aliphatic, aromatic and indolyl content in B.napus leave was showed in Fig.2. The content of aliphatic
glucosinolates was from 0.51 to 14.42 pmol-g”', which was the dominant glucosinolates accounting for 23.05 to 68.13 percent
of the total content. The aromatic gluocosinolates content was from 0.50 to 3.64 pmol-g"accounting for 8.51~68.00 percent
of the total content. The concentration of indolyl glucosinolates was from 0.20 to 4.94 pmol-g”accounting for 8.94%~36.26
percent of the total glucosinolates content.
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Fig.2  Profile of aliphatic, aromatic and indolyl glucosinolates content in B.napus leaves

Table 2 showed correlations among all three types of glucosinolates. The correlations between aliphatic,indolyl
and all glucosinolates components were significant with coefficient 0.98 and 0.95. The correlation between aliphatic
and aromatic ones was also significant with correlation coefficient 0.97.

Table2 Correlations between aliphatic, aromatic, indolyl and total glucosinolates content in B.napus leaves

Item All individuals Aliphatic Aromotic
Aliphatic 0.98""
Aromatic 0.32 0.16
Indolyl 0.95"" 097"" 0.05
*Significant (P<0.01)

**Very significant(P<0.05)

Glucosinolates Heterosis in Leaf of Hybrids in Brassica napus L.

Glucosinolates content differences in leaves of B.napus between double low and double high materials were mainly from
aliphatic glucosinolates variation. Progoitrin, gluconapin,4-hydroxyglucobrassicin, glucobrassicanapin and glucobrassicin are
the main components of glucosinolates in leaves. It would be beneficial to plant diseases resistance when the parents material
selected with high concentration of those glucosinolates above were used for crossing. The heterosis of leaf glucosinolates
were significant and negative in stem elongation and floral period, suggesting that it is difficult to increase leaf glucosinolates
in these periods for high disease resistance and it would be the best time for harvesting shoots as vegetable.
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Abstract

Food safety became a priority for consumers and the European regulation requires, since the beginning of 2006, the control
of food safety risks all along the chain from oilseeds crop production to oil and meal.

A survey plan has been set up since 2003 in order to improve knowledge about the possible contamination level in rapeseed
products and about the main critical points located in the seed production, storage and processing. This network, managed by
CETIOM, in collaboration with ONIDOL (National agency for oilseeds development) and ITERG (Technical research centre for
fats and oils industry), include professional organizations representing the oilseed foodchain : seed production, storage, crushing,
refining and animal feeding. The main contaminants of interest are pesticides residues (which can occur in crude oils), heavy
metals, salmonellas and mycotoxins. The companies which accept to join the survey plan send to CETIOM their contaminants
data (obtained by their own sampling and analytical methods) and contribute in this way to build the databases which are
furthermore completed by the results of annual contaminants analyses in seeds, oils and meals, these ones being managed by
CETIOM, ONIDOL and ITERG. In the same time, 25 laboratories joined a working group for developing reliable analytical
methods for pesticides residues in seeds and oil.

The survey plan has now been operating for 2 years and 20 companies are actually involved for the implementation of three
databases on seeds, oils, and meals.

The survey plan of oilseeds is an efficient tool for proposing responses based on consensus at the time of critical safety
situations, setting realistic maximum limits in French and European regulations, focusing research on well identified problems,
developing traceability methodology and the application of HACCP all along the rapeseed production and processing chain.

Key words : rapeseed, contaminants, food safety, survey plan

Introduction

Faced with the confidence crisis of the consumers, the requirements about food safety are strengthening. At any level of
the food and feed oilseed chain, the operators have to adapt to the new regulatory context. The White Paper published in
January 2000, by the European Commission, set the agenda of the measures to be taken. It reminds that food operators, feed
manufacturers and farmers have the primary responsibility for food safety. It points out that limits of contaminants must be set
and controlled : pesticides residues, contamination by mycotoxins, heavy metals, polyaromatic compounds (PAHs) etc). From
the upstream to the downstream, the setting up of analytical procedures and risk assessment becomes a necessity. From 2001,
some pesticides residues were related by French crushing industry in crude oils, mainly rapeseed and sunflower. Although
these residues are eliminated during the different steps of refining, it was important to know the origin of these contaminations
to minimize the risks through good management practices and education. A study led between 2003 and 2004 showed that the
main contaminants were organophosphate compounds (dichlorvos, chlorpyriphos-methyl, pyrimiphos-methyl, malathion) and
pyrethrinoids (deltamethrin) which are insecticides traditionally used for cereal grain treatments during storage. The French
regulation does not authorize these insecticides for the treatment of stored oilseeds which have however an affinity for
liposoluble chemicals and can pick these up from storages which have previously been treated or used to store treated cereal
grains. Otherwise, some salmonellas contaminations may occur in rapeseed meal ; moreover, questions are asked about heavy
metals. In order to ensure a complete exploration of the contamination throughout the rapeseed chain, from seeds to oil and
meal, the French oilseeds network decided to set up an operational survey plan of rapeseed contaminants.

Materials and methods

The survey plan is built with the following objectives :
® to identify the main critical points, from seeds production to oil and meal, as possible sources of contamination and to
check the contaminants to be considered,
® to set up a database of these contaminants in seeds (rapeseed and other oilseeds), oil and meal,
® to compare the data with the available regulatory maximum limits,
® to develop and propose suitable analytical methods for determination the pesticides contents in seeds,
@ to propose research actions on identified gaps,
® to contribute to set realistic regulatory limits,
® to be able to give answers based on consensus in case of crisis in the rapeseed field.
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Structure and running of the survey plan (figure 1)

Firms belonging to the different professional organizations of rapeseed network (storage, crushing, oil refining and
feedstuffs) are invited to join the survey plan. The management is made by Cetiom in collaboration with a working group
composed of the different professional organizations with the support of scientists. The firms which accept to join the survey
plan send to CETIOM their contaminants data (obtained by their own sampling and analytical methods) and contribute in this
way to build the database.

This database is completed by the results of yearly contaminants analyses made in seeds, oils and meals, these ones being
managed by CETIOM, ONIDOL (National agency for oilseeds development) for seeds and meals, and ITERG (Technical
research center for fat and oil industry) for oil.

CETIOM (for seeds and meals) and ITERG (for oil) synthesize the results and send to each partner an annual
confidential report.

Adjustment of reliable methods for analysis of pesticides in seeds and oil

Few methods are standardized at international level (ISO) for sampling and analysis of contaminants and pesticides
residues and methods used at national level are often home-made methods developed in industrial or official laboratories.
Some official maximum limits (MRLs) are set for contaminants and residues in oils. A network composed of 25 laboratories
and managed by CETIOM and ITERG is developing suitable analytical methods for measuring pesticides, mainly insecticides,
in seeds and oil. Sixteen compounds (organophosphorous organochlorous and pyrethrinoids) are actually studied. The aim is
to propose accurate and standardized methods at international level (ISO) and to increase in this way the reliability of the
survey plan.

Working group

Priorities, interpretation,

Firms joining the plan (storage, confidentiality rules

crushing,
feedstuffs,)

Data 3 databases : seeds, oil, meal
(rapeseed, sunflower)

Yearly analysis of seeds, oil and
meal : Cetiom, Onidol, Iterg
(2003-2006)

Suitable analytical methods

Laboratories network
(25)

Figure 1 : Structure and running of the survey plan
Results

Main contaminants and critical points

The main potential contaminants are heavy metals (transfer from soil to plant), mycotoxins (developing during
pre-harvest or post-harvest period), salmonellas (occurring during meal storage) and pesticides residues (from treatments on
crops or accidental insecticides contaminations during seed storage. The contaminants can be concentrated, relocated or
removed all along the chain from rapeseed crop to oil and meal (figure 2). For example, pesticides residues are eliminated
during refining ; heavy metals are concentrated in meals.
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Figure 2 : From crop to oil and meal : the main critical points and potential contaminants

The survey plan

The survey plan is running for two years and 20 companies have signed an agreement (8 in seed storage area, 7 for
crushing and refining, 5 feedstuffs companies). A common software to grains (French cereals survey plan managed by IRTAC)
and oilseeds (“QUALISURVEY™) is now operating and 2  reports have been produced in 2005 (harvest 2004) and in 2006
(harvest 2005).

To day, 2 800 data (seeds and meal) and 3 500 data (oil) - rapeseed, sunflower and soybean - have been supplied.

Yearly analysis of contaminants

The sanitary quality survey began in 2003 for a period of four years. Concerning the rapeseed, 25 samples of seeds, 25
samples of meal and 25 samples of oil were analysed in 2003 (corresponding to the harvest 2002) for the following
contaminants (tableau 1) :

Table 1 : Contaminants watched in 2003

Seeds Meal Oil
Organophosphorous Organophosphorous Organophosphorous
Pesticides Organochlorous Organochlorous Organochlorous
Pyrethrinoids Pyrethrinoids Pyrethrinoids
Heavy metals Cadmium, lead Cadmium, lead -
Mycotoxins Aflatoxin B1 Aflatoxin B1 -
Salmonellas - Salmonellas -
PAHs - - PAHs

Concerning the seeds, pesticides were detected in 8% of total samples. Nevertheless, the analysis didn’t detect the same
molecules in oil and seeds. It is likely that this difficulty is due to the lack of accurate method for seeds.
Lead was not detected in seeds and cadmium concentration was widely below the MRLs.

Afatoxin Bl was not detected.
Concerning the meal, salmonellas was detected in 4 samples. Pesticides residues and lead were not detected. Cadmium
was detected below the MRLs.

Conclusion

The survey plan of the French oilseed food chain is still in a training phase. Nevertheless, the communication about this
plan has to be developed for increasing the memberships all along the oilseed network and to improve the representativity of
the collected data. Moreover, it will be necessary, in a second stage, to target the plan at specific contaminants and to have a
good knowledge of the sampling conditions.
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Abstract

The development of High Oleic, Low Linolenic acid (HOLL) canola is a high priority for the Australian oilseed industry.
HOLL canola oil, with >65% oleic acid content and <3% linolenic acid content, has increased oxidative stability compared with
conventional canola oil. The demand for a stable, healthy oil that can replace hard fats commonly used in the fast food industry has
increased with the mandatory labelling of trans fat content and an increased health awareness being observed in many parts of the
world. Of the more than 40 cultivars currently available in Australia, only 5 are HOLL specialty canola, and most in limited
availability. This number is expected to increase in coming years, with the development of herbicide tolerant and hybrid HOLL
cultivars. It has been estimated that in the domestic market more than 50,000 tonnes of oil could replace hard fats that are currently
imported. This would be worth an extra $25 million annually to the oilseed industry in Australia. The Department of Primary
Industries — Victoria, in collaboration with Cargill Specialty Canola Oils, are working on developing agronomically suitable
HOLL cultivars for Australia. The first two cultivars from this collaborative program were released in 2006, with two replacement
cultivars now in commercial seed production. Cargill 102 and Cargill 103 (due for release in 2007) have yields competitive with
other conventional mid canola cultivars combined with high provisional blackleg ratings.

Key words: Specialty oils, HOLL, trans fatty acids, hydrogenation, deep frying, oxidative stability, yield, blackleg

Introduction

Australian oilseed breeders are seeking to ensure the sustainability and competitiveness of the Australian canola industry
through the development of specialty oilseed Brassica cultivars with a range of maturities adapted to diverse growing regions
of Australia. The Australian domestic market is beginning to see a trend towards healthier foods, as major food companies
switch from hard oils high in saturated fats, to soft oils low in saturated fats, and high in mono- or poly- unsaturated fats (AOF
Strategic Plan, 2005). The production of High Oleic, Low Linolenic acid (HOLL) canola has been identified as a high
priority for the industry, as HOLL canola oil offers increased health benefits to alternative oils. In particular the development of
HOLL canola suitable to the Australian environment will benefit the industry by enabling replacement of the hard fats
previously imported and increase the opportunities for domestic processors. It is estimated that if the current usage of hard fats
(palm and tallow) was replaced there could be a market for more than 50,000 tonnes of HOLL canola, worth an estimated $25
million to the Australian Oilseed industry annually (AOF Strategic Plan, 2005). While the availability of such cultivars is
currently limited, the increased demand for this product has resulted in an increased focus on developing HOLL canola in
Australia.

HOLL Canola

Traditional canola oil is very low in saturated fats (7%). It typically has approximately 60% of the monounsaturated fatty
acid oleic acid, with around 20% and 10% of the two polyunsaturated fatty acids linoleic and linolenic acids, respectively.
Canola oil is highly popular in the domestic market, and recognised by consumers as a healthy oil for use in their general food
preparation. The high level of polyunsaturated fatty acids renders the oil fully liquid at room temperatures. However, as with
many highly unsaturated oils, it has decreased oxidative stability compared to oils high in saturated fatty acids (Strayer, 2006).
The lack of stability makes the oil unsuitable for use in long term food preservation or deep frying as the fat can become rancid
with time, producing distasteful odours and flavours, thus canola oil is not widely used in commercial applications such as the
take away food and restaurant industries. Oxidative stability can be increased through partial hydrogenation of the oil whereby
solid fats are produced artificially by heating the oil in the presence of metal catalysts (often nickel) and hydrogen (Ascherio ef
al.,, 1999, Strayer, 20006). Partially hydrogenated oils have been used as a replacement for animal fats since the 1960s, when
research indicated that a high level of saturated fats in the human diet lead to increases in coronary heart disease (Strayer,
2006). In recent years however, it has been recognised that zrans fatty acids, produced during partial hydrogenation, can have
significant impact on our health and may also contribute to the development of coronary heart disease (Willet et al., 1993).
Research indicates that trans fatty acids, may in fact be as bad, if not worse for human health than saturated fats. There are
suggestions that because of the increase in Low Density Lipoprotein (LDL — ‘bad’ cholesterol), combined with the reduction
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of High Density Lipoprotein (HDL — ‘good’ cholesterol), frans fatty acids could be twice as bad for us as saturated fats
(Ascherio et al., 1999).

Conventional deep frying oils (e.g. palmolein) are high in saturated fats. Palm oil typically contains 45% palmitic acid, a
fatty acid with a high melting point (62.9 °C) and high oxidative stability. Some market movement toward partially
hydrogenated oils (particularly in the snack food and baking industries) has seen a decrease in saturated fats in the diet. The
introduction of these oils into food products has exposed the consumer to much higher levels of trans fatty acids than they
have previously been exposed to when eating meat and dairy products, which contain naturally occurring trans fats in very
small amounts. With the increased understanding of the role that oils can have on health, consumer trends now show a
movement away from saturated fats and a demand for healthy ‘#rans fat free’ alternatives. The production of oil with increased
oxidative stability, low saturated fats, and no frans fatty acids would both increase the healthiness of commercially prepared
foods and also enable a decrease in imports of foreign oils for use in the Australian food industry.

While conventional canola oil is low in saturated fats, and contains no frans fatty acids, its low oxidative stability makes
it unsuitable as a replacement oil in the commercial food industry. HOLL canola oil, however, has no trans fatty acids, but has
increased oxidative stability, providing an increased frying life (Table 1), without the need for partial hydrogenation.

Table 1. Frying life of different oil products, measured as Active Oxygen Method (AOM) hours

Product Frying life
(AOM hours)

Conventional canola oil 12
Conventional soybean oil 12
Hydrogenated soybean 25
CV65 HOLL 30
CV75HOLL 34
CV85HOLL 60

HOLL canola oil refers to High Oleic (>65%), Low Linolenic (<3%) acid. It is the combination of these two parameters
that increases the oils oxidative stability compared with conventional canola oil (Figure 1). The frying life of a HOLL product
is dependent on the percentage of polyunsaturated fatty acid species in the oil. CV 65 HOLL (>65% oleic acid), CV75 (>75%
oleic acid) and CV85 (>85% oleic acid) have increasingly longer frying life than conventional canola (Table 1).

Low linolenic canola has been available in Canada since 1988 when the University of Manitoba released ‘Stellar’. Oil
evaluation revealed that stability was increased by 17.5% in the accelerated oxidation method test (Scarth et al., 1988).
Stability has been further increased with the combination of high oleic and low linolenic acids — HOLL canola. There are
many minor constituents of oils that could effect stability and flavour of the final product, and therefore accelerated aging and
sensory testing should also be performed to ensure flavour and stability are as required.

Historically, the narrow gene pool available in the initial cultivars led to reduced yields. Today this problem has been
overcome with improved genetic diversity and hybrid development, putting the specialty canola varieties on par with their
conventional counterparts.
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Fig 1. Oxidation rate of different 18 carbon chain fatty acids in conventional canola (values from Frankel, 2005)

Cargill Specialty Canola Oils and Dow AgroSciences now market HOLL canola in Canada, with 1.7 million acres of
specialty canola sown in 2005 (Hausmann, 2005) producing about 10% of the Canadian canola production. This is expected to
rise to 3 million acres (20% production) in the next 2 — 3 years (Canola Council of Canada, 2006), and that these figures will
continue to increase as the awareness of the role of #ans fat in the diet increases. Currently #rans fat content must be labelled
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separately from other fats on product packaging in the USA and Canada, and the United States Food and Drug Administration
(USFDA) recommends a zero daily intake of #rans fat. Many food manufacturers are in the process of reformulating existing
brands with HOLL canola oils, and it is expected than many new products will become available over the next several years.
In Denmark no foodstuffs may be sold which contain more than 2 grams of #rans fat per 100g of fat (i.. no more than 2%
trans fat) (Stender and Dyerberg, 2003), and the findings from the Danish Nutrition Council have been submitted to the EU
for consideration. To date New Zealand and Australia have no trans fat labelling requirement and only require that the source
of fats (animal or vegetable) be listed (FSANZ, 2005).

In Australia three HOLL canola cultivars were commercially grown in 2006. NMC 130 was bred by Nutrihealth, a
subsidiary of Nufarm, and released in 2006, with an expected production of 20,000 tonnes this year (Gororo, pers. comm.).
The product, marketed as MONOLA is available at supermarkets, and is used in some commercial food preparation ventures.
NMC 130 contains 67-72% oleic acid with less than 3% linolenic acid and in 2005 National Variety Trials (NVT) averaged
110% of “VSAPPHIRE, an Australian mid maturing conventional canola. Nutrihealth expects to release two new HOLL
cultivars in 2007, including one with triazine tolerance.

CARGILL 100 and CARGILL 101 were developed as part of a collaborative breeding program in Australia between
Cargill Specialty Canola Oils (CSCO) and the Department of Primary Industries Victoria (DPI-Vic). These cultivars were
available under limited release in 2006 and were grown in southern NSW under an Identity Preservation (IP) contract.
Growers of these lines were paid a premium for delivery of HOLL quality oil, and to allow for the slightly reduced yields
compared with conventional mid maturity cultivars. Two replacement cultivars are due for release in 2007. In multi-location
trials in Victoria during 2005, the two new cultivars — CARGILL 102 and CARGILL 103 - averaged 100% and 108% of
VSAPPHIRE. They both have good blackleg resistance with provisional ratings of 8.5 and 8.0 respectively on a 0-9 scale
with “0” susceptible and “9” most resistant. Yield, blackleg resistance and oil quality are key breeding priorities for the
collaborative program, which expects to have hybrid cultivars for release in 2008, and herbicide tolerant cultivars in the
following years.

The Department of Agriculture and Food, Western Australia (AgWA) are also working on the development of HOLL
canola suited to Australian conditions. AgWA has one cultivar ready for commercial release, and is in the early stages of
developing triazine tolerant HOLL canola (Walton, pers. comm.).

Following extensive multi-site, multi-year agronomic studies, mid season environments with warm ripening
temperatures and adequate moisture during seed filling were identified as the major target area for HOLL production. These
conditions are required to ensure minimum fatty acid specifications are met on a regular basis. The development of herbicide
tolerant and hybrid HOLL cultivars will also increase the potential area of adaptation for HOLL canola. Contract production of
HOLL cultivars under identity preservation is also crucial to maintain product quality.

Given the direction the major global food organisations are going, and the current interest in specialty oil canola in
Australia, it is expected that the area of HOLL production will continue to increase. The increase is likely to be steady, rather
than spectacular, with perhaps 10% of the Australian crop being HOLL cultivars within 5-7 years (White, pers. comm.). This
will create a significant market opportunity for Australian growers. The ultimate relative importance of HOLL compared with
conventional canola will depend on market demand.
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Abstract

Cruciferous oilseed crops accumulate relatively high concentrations of nutritional high quality oil and proteins in their seeds.
In addition to these major seed components, their co-occurrence with high concentrations of dietary fibre (DF) and various
bioactive components as glucosinolates/glucosinolate products is decisive for the nutritional value of the seed meal or products
obtained from it. Depending on structural types and concentration of glucosinolates and glucosinolate derived products, these
compounds can be either health beneficial or act as antinutrients. The effects of these components depend, however, strongly on
the type of animal and development of the animals fed with the diets based on these compounds. Results from studies based on
differently treated and processed seeds and from use of individual isolated seed components included in standard diets are
evaluated and treated in relation to literature data as a basis for recommendations of acceptable concentrations of
glucosinolates/glucosinolate products in animal diets. The relation between these recommendations of acceptable concentrations
in feed to different animals and those reported as necessary for plant pathogen control (biofumigation) and health beneficial effects
(chemoprotection) is discussed.

Introduction

The nutritional value of cruciferous oilseed crops has been a hot subject for a long time, with research being intensified
some decades ago as a result of the success plant breeders had in connection with the production of double low oilseed rape
(Bunting, 1981; Serensen, 1985). Advantages of double low oilseed rape cultivars are related to the opportunities for an
optimal utilization of relatively high yielding oil- and protein rich agricultural crops with ca. 45 % oil and 20 % protein in seed
dry matter (DM), and less than 0.5% erucic acid in the oil and less than 20 umole of glucosinolates per g. of seed DM
(GCIRC, conf., 2003). Both of these major seed components have a high nutritional value and quality if problems caused by
dietary fibres (DF) and especially glucosinolates can be solved (Bille et al. 1983a; 1983b; Bjergegaard et al. 1991). This gives
the need for consideration of effects caused by processing and biorefining (Bagger et al. 2007) as well as the need for taking
into account the variation in effects caused by structurally different glucosinolates and glucosinolate derived products (Bille et
al. 1983; Bjerg et al. 1987a; Loft et al. 1992; Bonnesen et al. 1999; Bjergegaard et al. 2000; Vang et al. 2001). The great
variation in structurally different glucosinolate derived products reflects primarily the glucosinolate structures (Bellostas et al.
2007) and the reaction conditions during non-enzymatic and enzyme/myrosinase (EC 3.2.1.147) catalysed reactions
(Bjergegaard et al. 1994; Agerbirk et al. 1998; Bjergegaard et al. 1999; Buskov et al. 2000a; 2000b; 2000c; Barba et al. 2005;
Bellostas et al. 2006). Thereby, it is also expected and found that effects on:

® feed and food quality,

® animal or human health and diseases and

® the value of final products,

are a function of structure and concentrations for both the glucosinolates and products thereof (Bille et al., 1983b; Bjerg et
al., 1989; Jensen et al., 1991; Michaelsen et al., 1994; Bonnesen et al., 1999; Bjergegaard et al., 2001; Vang et al., 2001;
Bellostas et al., 2007).

Materials and Methods

Details and comprehensive descriptions of the applied analytical methods are presented elsewhere (Serensen et al., 1999;
Serensen 2001; Bellostas et al., 2003; Bellostas et al., 20006) as are applied procedures for evaluations of nutritional values and
effects of allelochemicals/xenobiotics, N-balance trials with rats (Bille et al., 1983b; Bjerg et al., 1989), mink trials (Danielsen
etal., 1987), young bull trials (Andersen and Serensen, 1985) and evaluations of health and anticarcinogenic effects (Loft et al.
1992; Bonnesen et al., 1999; Vang et al., 2001).

Results and Discussion

Cruciferous oilseed crops are important sources for both vegetable oil (40-45% of seed DM) and protein (20-25 % of
seed DM). Oil from these crops has been used as energy sources from ancient times, and in the recent years, additional focus
has been directed at this oil for its use as fuels of biodiesel (Knothe, 2006; GCIRC conf., 2003). With introduction of double
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low oilseed rape, an increased interest in the oil has been focused on the nutritional applications, as it has been found to be
high quality oil (Bunting, 1981; Serensen, 1985; GCIRC conf. 2003). The result of a large and increasing production of oils
from cruciferous seeds is thus a great amount of deoiled meal for applications as feed, food and non-food, where the main
limitations in its uses are caused by dietary fibres (DF, Bjergegaard et al. 1991) and especially glucosinolates and glucosinolate
derived products. The lipophilic and volatile glucosinolate derived products may also create environmental (smell, taste,
toxicity) and oil-quality problems, depending on structures of the glucosinolate products (Serensen, 2001), which again is
linked to the plant source and glucosinolate type. Cruciferous plant sources most often used belong to genera of the family
Brassicaceae, and these sources are quantitatively dominated by Brassica cultivars; B. napus and B. rapa (Table 1).

Table 1. Quantitatively dominating seed glucosinolates in different Brassicaceae species.

Species Glucosinolate dominating

Brassica napus L.

B. rapa L. } 10-16 different gluosinolates (Bjerg et al., 1987b)
B. oleracea L.

B. nigra (L.) Koch

B. cavinaia Braun } Sinigrin (Bellostas et al., 2006)

B. juncea (L) Czern & Coss

Crambe abyssinica Hoechst. ex R.E. Fries (2S)-2-Hydroxybut-3-enylglucosinolate

Barbarea vulgaris R. Br.* (2S) and (2R)-2-hydroxy-2-phenylethylglucosinolate
B. verna (Miller) Ascherson*® Phenethylglucosinolate

Lepidium campestre (L.) R. Br.* Sinalbin

Camelina sativa (L.) Crantz (R)-Methylsulphinyl-(CH,),-glucosinolates#

Sinapis alba L. Sinalbin

Ref. (* Andersen et al., 1999; Serensen, 2001)  # Dominating glucosinolates with n=9 and 10.

The cruciferous meal available for feed, food and non-food applications after deoiling contains thus various types and
concentrations of glucosinolates defined by the applied type of seeds, and depending on storage and processing conditions a
great number of glucosinolate derived products can be present in the meal. When applied at few percent in diets to
monogastric animals, this will give reduced nutritional value for the cultivars with more than 20 umol/g seed DM. A great
number of oilseed rape cultivars — even double low oilseed rape — also have a level and composition of glucosinolates that
give nutritional problems (Bille et al., 1983; Bjerg et al., 1987; Jensen et al., 1991).

The acceptable level of glucosinolates in diets to monogastric animals needs to be below 2™ level (Table 2) or 1-2
pumol/g DM to avoid nutritional problems. However, as described elsewhere (Bjerg et al., 1987), the acceptable level depend
on the type of animal, its age/development and especially the structure of the glucosinolate/glucosinolate products.

Table 2. Glucosinolate level in seed, seed meal and diets (DM) to monogastric animal without the presence of glucosinolate
transformation products

level 1** level 2 level 3" level 4
Diets (umol/g DM) 0.5 2.5 12.5 .
Feed with 20 % rapeseed meal: (umol/g rapeseed meal) 2.5 12.5 62.5 as l_evel 2 but.w1th
Seed before deoling: (umol/g seed; depend on oil and water active myrosinase
' content) ' 12 6-8 30-40 added

** Generally safe. ** Create nutritional problems.

The quantitatively dominating glucosinolates in double low oilseed rape are (2R)-2-hydroxybut-3-enylglucosinolate
(progoitrin) and 4-hydroxyglucobrassicin, which as result of hydrolysis give (5S)-5-vinyloxazolidine-2-thione (goitrin) and
thiocyanate ion, respectively. Both hydrolysis products have strong effect on the thyroid gland and thereby on the metabolism,
growth and development of the animals. The indolyl group of 4-hydroxyglucobrassicin gives, as result of transformations,
appreciable negative effects on rapeseed products caused by a complex group of structurally different compounds (Jensen et al.
1991; Bellostas et al., 2007). Appreciable variations are also found for other types of glucosinolate transformation products as
isothiocyanates (ITC’s; R-N=C=S) and nitriles (RCN):

Table 3. LDs, of glucosinolate hydrolysis products on rats and mice.

Glucosinolate precursor Compound Animal LDsy mmol/kg References
Sinigrin allyl-ITC rats 1 Langer& Geer 1968
Glucoiberin CH3-SO-(CH,)s-ITC rats 0.5 Langer& Geer 1968
Phenethyl-glucosinolate Phenethyl-ITC rats 0.3-0.5 Langer& Geer 1968
Epiprogotrin (5R)-5-vinyloxazaolidine-2-thione mice 11-13 Van Etten et al., 1969
Epiprogotrin 1-cyano-2-hydroxy-3,4-epithiobutane rats 1.5-2.0 Van Etten et al., 1969
Epiprogotrin 1-cyano-3,4-epithiobutane rats 0.8 Van Etten et al., 1969
Epiprogotrin (2S)-1-cyano-2-hydroxybut-3-ene rats 2224 Van Etten et al., 1969
Glucobrassicin Indol-3-ylacetonitrile rats 1.1 Fenwick et al., 1983

Comparing the concentration levels and structures of glucosinolates and glucosinolate derived products acceptable for
nutritional purposes and those needed for food, feed and plant protection (Bellostas et al., this conference; 2007) gives the
basis for progress in these fields.
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Conclusion

Glucosinolates and transformation products of glucosinolates are key factors for the nutritional value of cruciferous
oilseed crops and for the value of products produced from them. Considering the physiological effects of glucosinolates and
glucosinolate products it seems to be possible to use appropriate structural types in concentrations of the compounds where
they can function as food, feed and plant protection agents and/or as chemoprotection or health beneficial compounds without
reaching the toxic levels of the compounds.
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Abstract

Cis Vaccenic acid, a C18:1 (n-7) isomer of oleic acid (C18:1 (n-9)) has been found in several oilseeds. It is synthetized
from palmitic acid (C16:0) via production C16:1 (n-7) by a A9 desaturase and elongation by an elongase giving C18:1 (n-7).
While this fatty acid does not have a known antinutritional effect, there has been some interest in it, particularly in relation to its
trans form t-vaccenic acid.

Brassica contained both (n-9) and (n-7) fatty acids for the C18:1, isomers of C20:1 and C22:1 fatty acids were also found.
The amount of the C18:1(n-7) isomer varied from the seed sources.

Brassica specie relations have been established using electrophoretic studies of the proteins protein and chromosome pairing.
This project assessed the use of n-7 fatty acid isomers as common characteristic of several Brassica species and tried to establish if
these fatty acids could be used as genetic markers.

Introduction

The cabbage or mustard family (Brassicaceae) includes over 3000 species, grouped in over 300 genres. They included
weeds or domesticated plants grown as vegetables, ornamental flowers or for seeds. Middle East is the presumptive point of
origin of the Brassica species but now they appear as cultivated plants or weeds in Europe, North and South America, and
Australia. Seeds of the various Brassica species had very different relative fatty acid compositions; differences that have
been amplified in the recent years by breeding to produce specialty oils.  In our studies of the fatty acic composition of the oil
from the weed, wild mustard or charlock (Sinapis  arvensis), (n-9) and (n-7) isomers for C18:1, C20:1and C22:1 fatty acids
were identified. These fatty acids had been previously been identified in B. napus and B. rapa (campestris) (Applequist,
1969) and the (n-7) isomer of oleic acid was associated with structural lipids in B. rapa (Cv. Tobin) and B. napus (Cv. Westar)
(Hu et al., 1994). However, there is little information on the distribution of (n-7) isomers of longer chain fatty acids in
different Brassica species.

Materials and methods

Materials:

Samples: Brassica samples obtained from Mr. R.K. Gugel, curator of the Crucifer Node of the Plant Gene Resources of
Canada included Brassica carinata (SRS1578, Dodolla, S67, PAK85490, SRS1460), Brassica juncea (Donskaja, Lethbridge
22A, Cutlass, Varuna, AC Vulcan, J197-102), Brassica napus (Argentine, AC Excel, Golden, Westar and Midas), Brassica
nigra (SRS190, SRS586, SRS1170, SRS195), Brassica rapa (AC Parkland, Echo, Polish, R500, Torch), Brassica tournefortii
(SRS349, PAK85655, SRS3036, SRS3038, SRS3043), Camelina sativa (SRS933), Crambe abyssinica (Prophet), Eruca
sativa (PAK856392, PAK85886, PAK85889, PAK85873, PAK85896), Raphanus sativus (Nemex, Rauola, Zenit, IDC3098,
SRS1078), Sinapis alba (Tilney, Ochre, Gisilba, Andante, AC Pennant) and Sinapis arvensis (SRS3100).

Reagents and Standards: Methanolic base was from Sigma (Sigma-Aldrich Canada Ltd., Ont. Canada). A gas
chromatography reference standard, designed for this project was obtained from Nu Chek Prep Inc. (Elysian, MN, USA).

Fatty acid methyl esters: Samples (10 seeds) were used to prepared FAMEs using sodium methoxide as catalyser.

GC analysis: FAMES were analyzed using a Hewlett Packard 5890 gas chromatograph (Agilent Technologies,
Mississauga, Ont., Canada) equipped with a flame ionization detector and a 7673A injector tower and a Agilent 6890N
Network GC System with a 5973 inert Mass Selective Detector and equipped with a 7683B Autoinjector Module using the
same temperature program. Methyl esters were separated on a Suplecowax 10 silica column (Sigma-Aldrich Canada Ltd,
Mississauga, Ont., Canada) (60 m x 0.32 mm, 0.25 pum). Hydrogen was the carrier gas (2.5 mL/min), injection port
temperature was 280°C and detector temperatures were kept at 300°C.  The temperature program was as follows: the initial
190°C temperature was maintained for 3 min, a first gradient was made from 190 to 210°C at 2°C/min, then to 280°C at
20°C/min, the final temperature 280°C was held for 3 min for a total run time of 24 min.

Statistical analysis: The statistical analyses were performed using Origin® 6.0 (Microcal Software Inc.,
Northampton, MA, USA), InStat 3.05 (GraphPad Software Inc., San Diego, CA, USA) and SAS 9.1.3 (SAS Institute
INC, Cary, NC, USA).

Results and discussion:
Cultivars of several species of Brassica were used in this study. Quintuplicate FAMEs were prepared for each sample;
all were analyzed by GC (Figure 1) and one sample of each quintuplicate FAME was analyzed by GC-MS to allow a correct
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identification of the fatty acids. The cultivars had very different relative fatty acid compositions (Table 1); both isomers (#-9)
and (n-7) were found for the C18:1 (oleic acid), the C20:1 (eicosenoic acid) and the C22:1 (erucic acid) fatty acids although in
different proportions

Cis-vaccenic acid (11-cis-octadecenoic acid or C18:1(n-7)), an isomer of oleic acid (9-cis-octadecenoic acid or
Cl18:1(n-9)), represented from 0.4 to 3.4% of the total relative fatty acid contents of the seeds. Some C20:1(n-7) and
C22:1(n-7) isomers were also found. However, their levels were lower than C18:1(#n-7) levels; they varied from below the
limit of detection to 1.6% and below the limit of detection to 1.3% for C20:1 (n-7) and C22:1 (n-7), respectively. The
percent of (n-7)/(n-9) varied depending on the species and sometimes the varieties. The ratios ranged from 2.3 to 17.9%, 0 to
34.2% and 0 to 3.9% for C18:1, C20:1 and C22:2, respectively.

The (n-7)/(n-9) ratios for C18:1, C20:1 and C22:1 were compared to establish if the (n-7) fatty acid isomers might a
common characteristic of several Brassica species (Table 2). Unfortunately, S. arvensis, C. abyssinica and C. sativa could
not be used in these analyses since only one cultivar of each of these species was available for the study. The (n-7)/(n-9)
ratios for C18:1 showed less variation than the (7-7)/(n-9) ratios for C20:1 and C22:1 within a species (Table 2); it was used to
see if similarities or differences could be observed between the tested species. The C18:1 (n-7)/(n-9) ratios of B. carinata, B.
Jjuncea and B nigra were statistically different than the C18:1 (n-7)/(n-9) ratios for all the other tested species (Table 3). In
contrast, B. napus and B. tournefortii were the species that had C18:1 (n-7)/(n-9) ratios statistically similar to the largest
number of the tested Brassica species (Table 3).  B. napus presented a C18:1 (n-7)/(n-9) ratio statistically similar to B. rapa, E.
sativa and B. tournefortii. The C18:1 (n-7)/(n-9) ratio of B. tournefortii was similar to the one of B. rapa, B. napus, R. sativus
and S. alba.

The evolution the Brassicacae followed the triangle of U theory, with B. napus (n=19), an amphidiploid species,
resulting from crosses between B. campestris (rapa) (n = 10) and B. oleracea (n = 9). B. juncea, another amphidiploid
species, resulted from crosses between B. campestris (rapa) (n = 10) and B. nigra (n=8) (U, 1935).  Phylogenetic studies of
Brassica could be contradictory. If the C18:1 (n-7)/(n-9) ratios were used to for the chemotaxonomy the tested Brassica, B.
napus, B. rapa, B. tournefortii and E. sativa would be related and B. tournefortii, R. sativus and S. alba would be also related
(Figure 2) It has been shown that E. safiva and B. napus belonged to the rapa/oleacea lineage along with R. sativus (Warwick
and Black, 1991). S. alba and B. tournefortii with ratios similar would belong to the same group; these two species belonged
to the nigra lineage (Warwick and Black, 1991). However they had ratios similar to R. sativus which was part of the rapa
lineage (Warwick and Black, 1991). According to nuclear RFLP studies, R. sativus was closely related to B. nigra whereas
chloroplast and mitochondria DNA restriction site analyses showed that R. sativus was closely related to B. rapa/oleracea
(Yang et al., 1998).
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Figure 1:  Gas chromatogram of fatty acid methyl esters from B. tournefortii. seed showing the presence of both #-9 and n-7 fatty acids.
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Table 1: Relative fatty acid composition (average, n = 5) of the tested Brassica.

Relative fatty acid composition (%)

Ratio (n-7/n-9)

Species Cultivar Clé1 C18:1 C20:1 C22:1 (%)
n-9 n-7 n-9 n-7 n-9 n-7 Cl18:1 C20:1 C22:1
Dodolla 0.10 7.50 0.839 5.81 1.01 4042 0.74 11.93 17.42 1.84
PAK85490 0.13 7.70 0.90 595 1.26 4236 0.82 11.89 21.31 1.93
B. carinata S67 0.11 891 0.95 6.27 1.13 41.11 0.76 10.63 18.00 1.85
SRS1460 0.14 7.36 0.88 6.77 1.18 40.60 0.76 12.08 17.50 1.86
SRS1578 0.14 7.07 0.96 5.85 1.27 42.39 0.96 13.60 21.72 226
AC Vulcan 0.16 18.40 1.64 11.20 0.81 2335 0.22 8.94 7.26 0.94
Cutlass 0.15 16.98 1.60 11.20 0.87 2497 0.24 947 7.78 0.94
B juncea Donskaja 0.14 20.35 1.10 9.51 0.63 28.87 0.34 541 6.63 1.18
J197-102 0.21 40.06 2.65 1.73 0.05 0.57 0.00 6.62 2.64 0.00
Lethbridge 22A 0.19 20.53 1.61 11.30 0.78 2228 0.26 7.82 6.94 1.18
Varuna 0.17 9.63 0.76 4.76 1.29 45.86 1.01 7.89 27.25 221
AC Excel 0.22 60.61 328 1.16 0.02 0.03 0.00 542 1.95 0.00
Argentine 0.19 16.42 1.49 11.44 1.30 36.60 0.52 9.11 1143 142
B. napus Golden 0.16 14.834 1.10 9.92 1.40 43.03 0.65 7.46 14.17 1.51
Midas 0.18 62.98 251 1.13 0.02 0.06 0.00 3.99 143 0.00
Westar 0.19 60.80 312 1.38 0.01 0.03 0.00 5.13 0.62 0.00
SRS1170 0.27 9.73 147 6.61 1.13 34.80 091 15.18 17.21 2.61
B nigra SRS190 0.26 9.47 1.46 6.96 1.14 33.63 0.82 1543 1645 244
SRS195 0.26 10.23 1.64 7.82 1.23 27.85 0.67 16.14 15.94 1.94
SRS586 0.24 6.94 1.16 5.39 1.14 38.54 1.01 16.74 21.29 2.62
AC Parkland 0.21 51.09 328 0.92 0.02 0.03 0.00 6.42 1.75 0.00
Echo 0.14 28.80 1.80 10.40 0.61 24.85 0.33 6.24 5.90 1.33
B. rapa Polish 0.17 31.98 1.84 10.82 0.57 21.90 0.32 5.78 5.30 1.46
R500 0.16 11.77 0.55 3.79 1.18 51.95 1.26 4.69 3142 242
Torch 0.17 58.00 2.56 1.73 0.04 0.72 0.00 441 2.11 -
PAK85655 0.06 7.94 045 5.01 0.66 49.99 0.46 5.63 13.21 0.92
SRS3036 0.07 8.63 045 533 0.66 49.70 0.46 522 12.32 0.94
B. tournefortii SRS3038 0.07 8.52 0.44 548 0.63 49.70 0.53 5.16 11.58 1.07
SRS3043 0.07 9.55 0.53 5.70 0.71 48.25 0.54 5.58 1247 1.12
SRS349 0.08 13.04 0.63 7.84 0.70 4430 0.51 481 8.90 1.16
C. sativa SRS933 0.07 13.98 0.77 14.13 045 3.12 0.03 5.54 3.18 1.04
C. abyssinica Prophet 0.19 17.52 049 3.02 0.89 5522 1.09 2.83 29.53 1.97
PAK856392 031 1248 0.94 6.53 1.26 45.52 0.92 749 19.40 2.01
PAKS5873 0.25 13.26 0.87 6.83 1.16 46.03 0.77 6.53 17.20 1.68
E.. sativa PAK85886 0.24 13.39 0.89 8.09 1.01 43.40 0.69 6.38 12.54 1.60
PAK85889 0.25 13.40 0.84 6.69 1.05 46.65 0.73 6.28 15.75 1.57
PAK85896 0.25 1349 091 7.98 1.13 44.77 0.70 6.77 14.12 1.57
IDC3098 0.24 3253 1.55 8.02 041 16.09 0.17 4.79 5.07 1.04
Nemex 0.14 34.93 1.29 7.26 0.19 9.61 0.05 3.71 2.58 0.51
R. sativus Rauola 0.17 33.69 1.48 8.84 0.30 12.95 0.07 4.39 338 0.52
SRS1078 0.22 24.68 1.20 944 0.64 3298 0.30 4.87 6.71 0.96
Zenit 0.17 26.31 0.98 9.61 041 2726 0.16 3.73 431 0.57
AC Pennant 0.15 26.06 1.04 9.30 0.65 3330 041 3.99 6.65 1.24
Andante 0.20 24.65 1.30 9.88 0.74 3049 0.50 5.29 747 1.64
S. alba Gisilba 0.17 22.40 1.04 10.01 0.75 3642 0.53 4.64 7.56 1.46
Ochre 0.16 25.81 1.05 945 0.62 32.76 041 4.10 6.60 1.26
Tilney 0.16 2793 1.15 8.78 0.62 28.92 043 4.13 7.11 1.49
S. arvensis SRS3100 0.16 31.15 1.88 10.92 0.17 747 0.07 6.05 1.55 0.95
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Ratio: €18:1(n-7) x100
C18:1(n-8) B. juncea
B. carinata E. sativa

7

B. nigra B. napus
I

R. sativus

Figure 2:  Chemotaxonomy of tested Brassicaceae according to the C18:1 (r-7)/(n-9) ratio.

Table 2: Ratio (n-7)/(n-9) for C18:1, C20:1 and C22:1 (as percent) for all tested Brassica species

. C18:1 Ratio (%) C20:1 Ratio (%) C22:1 Ratio (%)
Genus Species N
Average Stdev Average Stdev Average Stdev
Brassica carinata 5 12.03 1.52 19.19 246 12.03 1.52
Brassica Juncea 6 7.95 1.55 9.46 7.65 7.95 1.55
Brassica napus 5 6.22 1.89 5.92 5.85 6.22 1.89
Brassica nigra 4 15.88 1.32 17.72 2.87 15.88 1.32
Brassica rapa 5 5.51 0.87 9.30 11.53 5.51 0.87
Brassica tournefortii 5 5.28 0.38 11.70 1.66 5.30 0.38
Eruca sativa 5 6.69 0.66 15.80 3.0 6.69 0.67
Raphanus sativus 5 430 0.60 441 1.48 4.30 0.60
Sinapis alba 5 443 0.56 7.08 0.89 443 0.56
Camelina sativa 1 5.54 3.18 1.04
Cramble Abyssinica 1 2.83 29.53 1.97
Sinapis Arvensis 1 6.05 1.55 0.95

Table 3: Statistical analyse s of the ratio [(r-7)/(n-9)]x100 for C18:1, one-way analysis of variance.

S S
s N < = 5 > s S
5 B o o 3 & b w

~
B carinata seskek kok kok sekok Hodkok kK koK seskesk
ijuncea skekok skekok skekok skskok skskok skskok kkk
B. napus ki NS NS NS otk Rk
B. nigra okeok Hokeok Hokeok Hokeok seokok
B.rapa NS * * *
B. tournefortii ok NS NS
E. sativa oKk ook
R. sativus NS

*¥**P<0.001**P<001 *P<0.05 NS:P>0.05
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Changes in the contents of glucosinolates during crop development in
different parts of rapeseed varieties
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Abstract

Changes in the amounts of individual glucosinolates (GSL) in Japanese rapeseed (Brassica napus L.) varieties were
measured in the vegetative and reproductive tissues. Three zero erucic cultivars (Asakanonatane, Nanashikibu, Kizakinonatane)
and one double-low cultivar (Kirariboshi) were used. The GSL contents were largely different depending on the plant parts,
developing stage and cultivars. Progoitrin and gluconapin were mainly found in the seeds. Their contents were different among
cultivars. In the non double-low (single-low) varieties, their contents did not change or increased to some extent with maturing.
And the double-low variety, Kirariboshi, contained almost no progoitrin or gluconapin throughout its growth stages.
Glucobrassicanapin, glucobrasscin and gluconasturtiin were found in all four varieties, mainly detected in their roots. Even in the
double-low variety, Kirariboshi, they were detected. The content of glucobrassicin in the roots tended to decrease with maturing,
And that of gluconasturtiin was similar in all cultivars at harvest time. But the patterns of its change were different among the
cultivars. In Kizakinonatane, its content was decreased with maturing. In Asakanonatane, Kirariboshi and Nanashikibu, it did not
change largely. These results showed that GSL contents in Japanese rape (Brassica napus L.) were different among plant parts,
maturing stage and cultivars. And it was found that even a double-low variety contained some GSL in the roots. More information
is needed for clarifying if the GSL in the roots have some effects or physiological function on the subsequent crops.

Key words: Brassica napus L., glucosinolate (GSL), plant parts, cultivar

Introduction

GSL are contained in parenchyma of Brassica napus L.. Because its hydrolysis products, thiooxazolidone and
isothiocyanate were toxic (Astwood E. B. et al.1949, Kawagishi S.1985), low GSL varieties were bred. Regarding its
hydrolysis products, the biofumigation effect to soil-borne pathogens was reported (Bellostas N. et al. 2004). And Smith B. J.
et al. (2002) reported that hydrolysis of glucosinolates in root tissues affected to growth of fungi and oomycetes.In our
laboratory we are studying rotational cropping system using rape, barley and sunflower. In the field test, the growth of
sunflower after rape was poorer than after barley. One of the aims of the present study was to clear the mechanisms of this
phenomenon and therefore, we analyzed the contents of GSLs in stems, leaves, roots and reproductive organs at different
growth stages for studying of its effects to succeeding crops.

Material and methods

Plant materials The rapeseed of “Asakanonatane (Norin No.46)”, “Kizakinonatane (Norin No.47)” and ‘“Nanashikibu
(Norin No.49)” were zero erucic cultivars (single-low cultivars). And “Kirariboshi (Norin No.48)” was zero erucic and low
seed-glucosinolate cultivar (double-low cultivar).Field experiments Field experiments were conducted in 2005 and 2006 at the
experimental field station of the National Agricultural Research Center (Tsukuba, Japan) on a rotational paddy field in upland
conditions. The seeds were sown in 30 x 12m plots per one cultivar. They were sown in the rows 0.3m apart. The space
between plants was Scm. Fertilizer mixture of 106-5-94 kg N, P,O5 K50, ha! was uniformly broadcast over the experimental
area. Weeds were removed manually. Sampling Samples were taken in three replications at April 25, May 9, 23, June 6, 20 in
2005, and at April 14, 25, May 23, June 20 in 2006. They were separated to leaf, seed, pod, stem, and roots immediately after
the sampling, and frozen in liquid N, before freeze-drying.Glucosinolate analysis Dry samples were milled to fine powder
before GSL analysis. GSL extraction and determination were performed as previously described (Ishida et al. 1995) using
sinigrin as an extraction standard. Separation and detection of desulphoglucosinolates were performed using a Shimazu
SPD-10Avp HPLC (Shimazu, Tokyo, Japan) fitted with a 4.6 x 250mm i.d. Intersil ODS-3 (particle size Sum) column
(Shimazu, Tokyo, Japan ) and the eluate was detected at 228nm by a UV detector SPD-10AVvp (Shimazu, Tokyo, Japan).
Analyses were done in two or three replications for each sample. The glucosinolates were identified

Results

We defied that the major GSL, progoitrin and gluconapin, were contained mainly in seeds and pods (Table). The content
of progoitorin in seeds and pods was kept high and that in other parts decreased with maturing (Fig. 1). The content of
gluconapin in seeds and pods was once decreased and then increased with maturing. And in other parts it decreased with
maturing. About 4-hydroxy-glucobrassicin, the content in seeds and pods was high at about harvest time. In other parts, it
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didn’t change and was kept low. Glucobrassicin was mostly present in the roots. Its content in roots tended to decrease with
maturing. At harvest time, the contents of glucobrassicin and gluconasturtiin in roots between single- and double-low cultivars
were not different significantly at the 5% error level (Table, Fig. 2.). The changing patterns of their contents were almost
similar in 2005 and in 2006 (data not shown).

Discussion
The changes in the GSL concentrations during crop development were reported by Fieldsend and Milford (1994). It was

reported there were differences in the GSL concentration among cultivars and plants parts (leaves, stems, buds, pods and
seeds). In this paper, the contents of GSL in the roots were also analyzed. The major finding of this report was that the
glucobrassicin and gluconasturtiin are mainly contained in the roots, and their contents in Kirariboshi, a double-low variety,
was as high as in the single-low varieties (except gluconasturtiin in Kizakinonatane). About glucosinolates from roots,
Kirkegaard et al. (2001) reported their biofumigation function. Rumberger and Marschner (2004) reported that rhizosphere
bacterial community composition was correlated with the glucosinolate concentration in roots. Probably for these
eco-physiological functions, even the double-low cultivar maintained some levels of glucosinolate contents in plant parts
(including roots) other than seeds.

The glucobrassicin and gluconasturtiin in the roots could play the suppressing role on the growth of the succeeding crops
even after the double-low rapeseed such as ‘Kirariboshi’.
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Table Differences in the contents of major glucosinolates in plat parts at harvest time in 2005.

. . 4-Hydroxy- . . .. ..
Plant parts  Cultivars Progoitrin ~ Gluconapin Glucobrassicin Glucobrassicanapin Glucobrassicin Gluconasturtiin
umol/g D.W.
Kizakinonatane 12.37+0.03™ 6.12+0.6™ 0.22+0.03 n.d. 0.03£0.01 n.d.
Seeds&Pods . .
Kirariboshi ~ 0.17%£0.00 0.09%£0.0  0.65%0.13" 0.59+0.09™ n.d. n.d.
Kizakinonatane n.d. n.d. n.d. n.d. n.d. n.d.
Stems
Kirariboshi n.d. n.d. n.d. n.d. n.d. n.d.
Root Kizakinonatane 0.31+0.12 (.14+0.03" n.d. n.d. 0.67%+0.08 0.38+0.03
oots
Kirariboshi n.d. n.d. n.d. 0.3410.12 1.50%0.66 0.340.00

Means £ SD and represented as relative values to sinigrin (internal standard). n.d.=not detected. Means of about three replicates £ S.E. of the mean.
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Fig. 1. Changes in the contents of major glucosinolate in different plat parts in 2005 ( Kizakinonatane ).
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to farmers
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Abstract

In order to make it possible for the farmer to grow the best varieties a quick and efficient presentation of new results from
field trials is important. In Denmark all results and scores from variety trials are published on www.sortinfo.dk. The website is in
Danish and English. Only a couple of days after registration in the field all scores from the variety trials are available on the
internet. The site shows the varieties that have been tested, yields, winter hardiness, agronomic data, resistance to pests and
diseases, agronomic characteristics, quality, etc. Data and scores from one year or more years can be studied, as well as data from
single locations and on average can be seen.

The system and the website Sortinfo.dk has been developed in cooperation between the Official variety testing and National
field trials in Denmark. The field trial system is integrated, and the guidelines for scores and registrations are the same. In this way
all data from the variety trials can be published in a simple and easy way, and the knowledge can be used by advisers, farmers and
breeders right a way. The benefit for the farmer is that he has access to independent information which enables him to grow the
best varieties, taking the specific conditions for his property in consideration. It is possible to develop this system and gather all
scores and figures related to the varieties from variety trials all over Europe or the whole world. To make this possible a uniform
guideline for running and scoring variety trials is needed. In addition, a common database and a homepage must be developed.
The benefits are more knowledge about the varieties, which will provide a more stable production, and the opportunity for
integrated pest management.

Introduction

The cultivated area in Denmark is approx. 2,500,000 ha. 180-200,000 ha are grown with winter oil seed rape in 2007.
Five to ten varieties are grown with the most dominant covering approx. 40 pct. of the area. The area with winter wheat,
winter barley, winter triticale and winter rye is approx. 850,000 ha and the area with spring seed is approx. 650,000 ha. The
areas with grass and other fodder crops is approx. 610,000 ha.

In order to optimize the economic yield and minimize the use of pesticides it is important to have good knowledge about
the characteristics of the varieties. In Denmark variety trials are conducted each year in almost all annual crops, where crop
yields as well as cultivation characteristics and resistance to diseases are registered. The results from these trials are published
currently on www.sortinfo.dk. Danish farmers choose varieties on the basis of the results of these trials.

Application for variety trials

Plant breeders and variety representatives apply for varieties that they want to have tested in the variety trials.

The breeers and representatives pay a fee that covers the costs for the variety trials.

The trials are conducted in cooperation between the Danish Plant Directorate, dept. of variety testing, at Tystofte, and the
Danish Agricultural Advisory Service, National Centre, Crop Production. Each year trials in winter oil seed rape are conducted
on 8 localities. In recent years about 100 winter oil seed rape varieties have been tested each year.

Planning of trials

Varieties, of which tests are wanted, must be entered for trials and seed must be delivered before 10 August. A trial plan is
made for the variety test using an Alpha design with three replications. The seed is weighed out, 65 viable seeds are sown per
m’ in hybrid varieties and 80 viable seeds per m” in line varieties. In Denmark the optimal time of establishing winter oil seed
rape is 15-20 August.

The varieties are sown in "plot in plot" with two rows of the same variety on both sides of the net plot. This is in order to
avoid neighbouring effects. The net plot is 12 m”.

Assessment of the trial

In the trial plan the conditions under which the trial should be established are indicated, which treatments to make during
the growing season, which registrations and scores to make, how to harvest the trial plot, how to take samples and where to
send the samples. The trial plan also includes which analyses to conduct. In order to ensure uniform assessments in all trials,
guidelines are made for how to make assessments and how to make analyses. The guidelines can be studied at www.lr.dk —
Nordic Field Trial System.
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Data collection

When the trial plan has been made in the Nordic Field Trial System, the plan is transferred to PC field trial. From here the
plans can be transferred to PDA's that can be taken to the trial field, so that all registrations can be entered. From the PDA all
data can be transferred to the Nordic Field Trial System. Harvest and analysis results are collected and transferred in the same

way to the Nordic Field Trial System.

Photo 1. "Plot in plot". In the middle six rows, net plot. The two rows on each side outside the plot borders are the same varieties.
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Figure 1. Screen dump from SortInfo.dk with selected characteristics.
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Dissemination of knowledge

SortInfo is an online portal accessible for all who are interested. www.sortinfo.dk has been developed for all engaged in
cultivation of oilseed rape and other crops in order to provide access to all registered information about varieties that are on the
market or are requested on the Danish market. SortInfo is updated regularly, and new registrations are available few days after
having been assessed or measured in the trials. As for winter oil seed rape data are available on variety yields, oil content,
winter hardiness, flowering time, plant height, disease resistance, crop height at harvest, tendency to lodging, quality, variety
type etc. In SortInfo it is possible to find the actual as well as historical data.

SortInfo is available in Danish as well as in English, enabling both Danish and foreign farmers, breeders, variety
representatives and others interested to find the results from the trials.

Number of visitors on SortInfo.dk

In recent years approx. 50,000 hits have been made on SortInfo.dk, with the majority in August, when the new harvest
results are published. But throughout the year there are between 500 and 1,500 hits per week. Sortnfo is visited by farmers,
advisers, variety owners, variety representatives, and others searching for information on specific varieties.

SortInfo — EuroVarietylnfo or WorldVarietylnfo

In order to be able to grow the best varieties, with high yields and the best resistance to diseases a SortInfo for the whole
of Europe or for the whole world would be a good approach. By having access to as much information as possible on
cultivation of the varieties, resistance and quality properties, it would be possible to chose and grow varieties with a minimum
use of pesticides. This would benefit the growers of oilseed rape who would be able to reduce the use of pesticides, thereby
reducing the costs for the environment by avoiding unnecessary effects from use of pesticides.

In order to develop a joint EuroVarietylnfo or WorldVarietylnfo development of common guidelines for conducting,
assessments and registrations of the trials would be necessary. If assessments are conducted according to joint guidelines, it
would be possible to publish the results in a program such as SortInfo.
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Inserts for FOSS NIRS 6500 spinning ring cups
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Abstract

Near infrared reflectance (NIR) analysis has proven be a very efficient tool for elevating seed quality for rapeseed and
mustard breeders. Calibrations for oil, protein, fatty acids, glucosinolate, fibre, chlorophyll, etc. are routinely utilized by many
laboratories supporting rapeseed breeding efforts around the world. The FOSS NIRS 6500 instrument is a popular model. With
the use of an autoloader and the spinning ring cup attachment the analysis is simple and rapid. Intact seed can be utilized which
makes it a non-destructive method. The spinning ring cup holds about 4-5 grams of seed and is therefore useful for examining
samples harvested from large or small plots and individual 3 meter rows. However the minimum sample size of about 4 grams
limits its usefulness for samples from individual plants harvested from field plots or from the greenhouse. We found the inserts
sold by FOSS for these spinning ring cups impractical and too expensive for routine use, so we designed our own. A local
machine shop made three sizes for us with the following nominal sizes: two gram, one gram and 0.5 gram (Cost: $6.00 each). The
inserts allow intact seed samples from individual plants to be analyzed by the FOSS NIR instrument. The insert size choice
depends on the size of the smallest samples.

Key words: NIR, sample cup inserts, single plant analysis, oilseeds

Introduction

NIR is widely accepted by oilseed breeders and chemists, replacing several traditional methods of analysis. NIR is used
to predict oil, protein, glucosinolate (GSL), fatty acids, fiber and chlorophyll on intact seed samples of rapeseed and mustard
(Biston et al. 1987, Daun et al. 1994, Font et al. 2003, Renard et al. 1987, Sato et al. 1998, Velasco et al. 1998, Williams and
Sobering 1993, and others). The FOSS NIRS 6500 instrument is popular and its spinning cup attachment allows for simple,
rapid analysis. Individual plants harvested from the field or greenhouse often yield an amount of seed which is insufficient to
be analyzed in the full size cups. In this paper we describe inserts which can used to allow analysis of these plants.

Material and Methods

Cup Inserts

Inserts were designed for standard sample cups utilized by the autoloader attachment of our NIR (NIRS system model
6500, FOSS NIRSystems, Silver Springs, MD, USA). Aluminum inserts rings were designed to exactly fit the inside of the
sample cups. They were 38 mm in diameter by 9 mm thick with an inside diameter of 13 mm, 20 mm and 25 mm, to
accommodate approximately 0.5 gram, 1 gram or 2 grams of seed respectively. A machine shop (Nutana Machine Ltd., 2615
1™ Ave. N, Saskatoon, SK, Canada, Fax: 1-306-242-2671) manufactured 100 of each size (see Fig. 1). The inserts are held in
place using a strip (25 mm by 6 mm) of black foam window insulation attached to the side of the insert. The backings for the
inserts are 13, 20, and 25 mm Tegrabond septa (Chromatographic Specialties Ltd.). The inserts are easily removed from the
cups when not needed.

b

a

Figure 1: a) inserts filled with seed. b) inserts with backing on. c) inserts front view. Upper left: original cup, Upper right: 2 gram insert.
Lower left: 1 gram insert. Lower right: 0.5 gram insert.

Seed Material and NIRS analysis
Seed samples used for calibration of the NIRS instrument were selected from seven oilseed species that normally enter
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our laboratory for analysis including: Brassica napus, Brassica juncea, Brassica rapa, Brassica carinata, Sinapis alba,
Camelina sativa and Linum usitatissimum. Two sets of samples were created, one for calibration (1365 samples) and a
separate set for validation (272). Intact seed samples, dried at 40°, were in placed in the cups, scanned and the entire spectral
range of the instrument collected. The same seed samples were scanned again using the insert rings and spectra collected.
Equation generation and data transformation were done using WINISI III (version 1.50¢) software. The modified partial least
squares (MPLS) regression method was chosen as well as scatter and detrend correction. All wavelengths were utilized and a
second derivative mathematical treatment (2,4,4,1) was applied. Calibrations were created for oil, protein and insoluble fibre
content, seed color, individual fatty acids and GSL contents, both total and individual.

Reference Methods

Oil content, protein content, fibre content, seed color, fatty acid composition and GSL content were determined by
reference methods available in the laboratory. Oil content was estimated on 20-25 g intact seed samples with a pulsed NMR
instrument (Bruker Minispec, 10 MHz magnet, 40 mm probe assembly, Bruker Optics Ltd, Milton, Ontario, Canada),
calibrated according to manufacturer’s instruction and corrected using standards for each species. Protein content was
determined with an LECO FP-428 on 0.5 gram intact seed samples. Acid detergent fibre (ADF), acid detergent lignin (ADL)
and neutral detergent fibre (NDF) contents were measured with an ANKOM™ Fiber analyzer (ANKOM Technology,
Macedon, NY, USA). The manufacturer’s standard procedures were followed. Seed color (whiteness index, WI) was
determined with a HunterLLab Miniscan colorimeter. Oil, protein and fibre contents are reported as percent of dry seed.

Seed fatty acid composition was determined by gas chromatography (GC). Three gram seed samples were ground with
14 mm stainless steel balls in 4 ml hexane in 20 ml PET scintillation vials (Wheaton) placed in an Eberbach reciprocating
shaker for 1 hour, after which a 10 pl aliquot was placed in a GC autosampler vial containing 50 pul hexane and treated with
100 pl 0.8% metallic sodium in methanol (Thies, 1971). After 15 minutes 50 ul 0.2 M NaPO, pH 7 was added, methanol and
hexane evaporated under a stream of air (1 minute), and then 0.5 ml of heptane was added. The samples were injected into an
FID equipped GC (model 6890 Agilent Technologies, Santa Clara, CA, USA; column: HP-Innowax, 7.5 m x 0.25 mm
x 0.5 um, hydrogen, constant flow, 1.3 ml/min; injector: 280°, 1 pl, split 1:40; oven: 190 - 240°, 20°/min., final time 0.6 min.;
detector 300°).  Oleic (18:1), linoleic (18:2), linolenic (18:3) and erucic (22:1) are expressed as percentages of all fatty acids
detected. Two additional parameters are calculated, oil hydrogen density (HD) and iodine value (IV).

The GSL content of the seed was determined by GC of trimethylsilylated derivatives of desulphated GSLs by a
modification of the method of Thies (1976). Samples (1 g) were ground with steel balls in a mixture of 5 ml methanol, 2 ml 1
mM benzyl GSL, 0.2 ml barium/lead acetate in 20 ml PET vials, then placed in a reciprocating shaker for 1 hour. After
centrifugation 1 ml was pipetted onto 0.125 ml DEAE-Sephadex A-25 in Bio-Rad microcolumns. The columns were washed
with 70% methanol, 6% acetic acid, water and 0.02 M pyridine actetate pH 5.8. Then 0.05 ml of arylsulfatase (type H-1, Helix
pomatia, Sigma Aldrich) was added. After overnight incubation the desulpho-GSLs were eluted with water, evaporated to
dryness at 60° under a stream of air, derivatized with 0.3 ml silylation reagent (pyridine: N,O-bis(trimethylsilyl)-acetamide:
chlorotrimethylsilane, 18:10:1) and injected into an FID equipped GC (column: DB-1, I5m x 025 mm x 1.0 um,
hydrogen, constant flow, 1.3 ml/min.; injector: 270°, 1 pl, split 1:30; oven: 260 - 320°, 20°/min, final time 0.8 min.; detector
340°). Individual and total GSLs are expressed in pumoles/gm seed.

Table 1: Summary of reference method data for calibration and validation sample sets

Constituent Calil?raﬁon Set Yalidation Set

N Mean Min. Max. StD Rge N Mean Min. Max. StD Rge

Oil 1057 42.1 24.8 529 53 28.1 212 41.7 259 525 54 26.6
Protein 1350 28.5 149 427 4.0 27.8 271 28.8 189 40.8 39 219
NDF 460 16.7 9.5 25.0 2.6 154 91 16.3 104 23.6 29 132
ADF 456 112 5.1 20.8 2.7 15.7 91 10.7 5.6 18.6 2.6 13.0
ADL 460 2.7 0.3 94 1.8 9.2 91 24 04 7.7 1.7 7.3
18:1 707 442 6.2 76.5 22.1 70.3 139 441 6.1 73.9 21.7 67.8
18:2 707 199 79 75.6 53 67.7 139 212 89 74.6 8.8 65.7
18:3 707 129 13 694 11.1 68.0 139 125 1.8 62.6 109 60.8
22:1 707 94 0.0 553 16.1 553 139 9.6 0.0 559 16.6 559
v 707 1195 922 2105 193 1183 139 120.0 96.7 201.1 19.2 104.4
HD 707 11.64 10.97 11.97 0.16 1.00 139 11.64 11.03 11.95 0.16 0.92
Sinigrin 598 56.1 0.0 1693 59.0 169.3 121 542 0.0 167.2 589 167.2
Sinalbin 598 6.0 0.0 194.7 30.1 194.7 121 82 0.0 204.9 362 2049
aGSL 598 672 0.1 1702 56.0 170.1 121 65.6 0.0 168.1 56.1 168.1
tGSL 598 79.7 1.7 200.5 56.0 198.8 121 78.8 0.8 212.0 57.6 2113
WI 943 -17.6 42.7 2.8 129 454 184 -19.0 -41.2 2.2 12.8 434

* N — number of samples with reference method data; StD — standard deviation; Rge — range of values found; aGSL — total aliphatic glucosinolates; tGSL — total
glucosinolate content

Results

Reference data is shown in Table 1. For all constituents a broad range of values is observed, covering the expected ranges
to be seen at our laboratory. The NIRS statistics of the second derivative equations for the full cup and 1 gram size are shown
in Table 2. A good correlation between the NIRS prediction and reference data is found for most of the constituents for both
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the standard cup and the reduced sample size using the 1 gram inserts. Generally there is little or no decline in NIR prediction
efficiency between the full size cup and the inserts as estimated by RSQ and SEP values. The bias and slope of the equations
are also mostly acceptable. The RPD and RER values (Williams and Sobering, 1993) for oil, protein, 18:1, 18:3, IV, HD,
GSLs and seed colour indicate that the NIR predictions either with full size cup or the 1 gram insert may be used as a
selection tool for breeders. Of the fatty predictions, HD and IV are the strongest. Calibrations for 18:2 and the insoluble fibre
constituents are less impressive, but ADL is certainly useful for breeding purposes.

Table 2: NIR validation set statistics for the second derivative equations for the full size cups and 1 gram inserts

. Full size cups 1 gram inserts
Constituent —gp Bias Slope  _RSQ __ RER __ RPD SEP Bias _ Slope  RSQ _ RER ___ RPD
oil 08 0.06 1.01 0980 346 7.0 0.7 0.03 100 0982 368 75
Protein 06 0.02 100 0980 396 7.1 06 0.08 100 0976 362 64
NDF 12 0.19 105 0820 10.8 23 14 0.16 111 0.784 98 2.1
ADF 11 0.06 099 0817 118 23 11 0.05 097 0819 118 24
ADL 04 0.02 102 0934 163 39 04 0.02 099 0942 174 42
18:1 28 -0.04 102 0983 24.1 77 36 20.16 100 0973 189 6.1
182 29 0.55 124 0929 227 3.0 2.5 033 113 0934 266 36
18:3 11 -0.07 103 099 550 9.9 15 004 102 0982 412 74
22:1 26 0.01 103 0976 213 63 26 0.13 100 0976 219 6.5
v 1.4 0.10 101 0995 737 135 19 0.16 1.01 0.991 562 103
HD 0.01 0.00 103 0993 659 115 0.02 0.00 1.01 0989 543 95
Sinigrin 7.9 -1.07 098 0982 2Ll 74 84 025 098 0980 200 7.0
Sinalbin 93 0.3 100 0934 221 39 7.1 073 098 0963  29. 5.1
aGSL 48 2036 099 0993 352 117 40 024 099 0995 416 139
{GSL 104 094 098 0968 204 56 7.6 142 099 0983 276 7.5
Wi 1.9 0.13 101 0977 23 6.6 18 0.01 1.01 0.981 244 72

* RSQ- coefficient of determination; SECV — standard error of cross validation; SEP — standard error of prediction; RPD —StD of validation / SEP (Williams and
Sobering, 1993); RER —range of validation / SEP

Table 3: Use of NIR fatty acid 1 gram prediction in a F, plant population segregating for 18:1 and 18:3

. GC Data NIR Prediction Statistics
Constituent
N Mean Min. Max. Rge StD SEP Bias Slope RSQ RER RPD
18:1 100 72.0 57.0 85.1 28.1 8.0 34 -0.68 0.87 0.845 83 24
18:2 100 14.7 2.8 26.0 232 7.7 2.1 -0.46 1.01 0.926 10.9 3.6
18:3 100 4.6 2.1 10.0 79 1.7 1.6 0.92 0.66 0.605 5.1 1.1
v 100 101.6 874 119.0 31.6 7.6 2.1 1.23 0.90 0.960 15.1 3.6
HD 100 11.73 11.60 11.83 0.22 0.05 0.02 -0.01 0.90 0.951 14.9 3.5

As a test for the ability of the inserts to be used for fatty acid selection 940 F, plants of three breeding populations of
Brassica napus canola, segregating for 18:1 and 18:3 and seed color, were processed by the NIR with the 1 gram inserts.
These populations were unrelated to the samples that were used for calibration and validation sets and the plants were
pre-selected for yellow seed color. 100 plants were chosen which represented the entire range of HD and IV values predicted
by the NIR and included 48 considered to be candidates for advancement. These plants were analyzed for fatty acid
composition by GC. In this case the sample size was 30 seeds to avoid destruction of valuable seed as much as possible. The
comparison of NIR prediction values and reference method data is shown in Table 3. Because of the small sample size used
for GC analysis it is to be expected that the correlation would be affected due to sampling error, but nevertheless the SEP
values of all fatty acids are similar to the original validation set SEP values. There is a strong correlation of the NIR values for
IV (RSQ: 0.960) and HD (RSQ: 0.951) and RER and RPD values indicate that these two can be selected for effectively by
NIR. Most of the plants selected by NIR using HD and IV for advancement were also selected by GC for advancement using
the complete fatty acid information valuable. Using the NIR eliminated the need to do GC analysis on all 940 plants. The
correlation between NIR and GC for the individual fatty acids 18:1, 18:2 and 18:3 is less strong, but RER and RPD statistics
suggest that NIR predictions based on them might also be useful.

Discussion

Under western Canadian conditions it is a frequent occurrence that individual plants will yield less than five grams of
seed. For example, of 1600 plants harvested from a yellow mustard 2006 isolation only approximately 400 yielded 4 grams of
seed or more meaning that probably half of the plants could not processed by the FOSS NIR using the full size cups, however
with the 1 gram inserts over 90% can be. Others have reported the construction of small size cups (Sato et al. 1998) and inserts
(Velasco et al. 1999) which have been used for the single seed analysis, but the inserts described here fit our analytical needs
for single plant analysis. The fact that 1 gram inserts are seen to have little negative impact of the NIR predictions is probably a
result of duplicating the material (anodized aluminum) used in the original full size sample cups.
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Conclusions

The 1 gram inserts created for the FOSS NIRS 6500 sample cups have little negative impact on the efficacy of NIR
predictions for oil, protein, fatty acids, glucosinolates, seed color and fibre. They are easy to use, inexpensive and provide
breeders access to non-destructive NIR predictions for samples with limited amounts of seed (seed harvested from individual
plants). The results for the 0.5 gram and 2 gram inserts are not reported here, but it can be expected that the results with them
would be similar.
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Abstract

The polyphenol of rapeseed shell was isolated and purified. The effects of the rapeseed polyphenol L-0, I, and II on the
cellular immune response of Sarcoma 180-bearing mice were investigated. Mice were treated with three doses of the polyphenol
L-0 (50, 100, and 200 mg/kg body weight), rapeseed polyphenol L-0, I (50 mg/kg body weight), and rapeseed polyphenol II (50
mg/kg body weight) for 10 days. It is studied from the aspects of tumor weight, pathology of tumor tissues, relative spleen and
thymus weight, delayed-type hypersensitivity (DTH) response, phagocytosis of macrophage, Splenocyte antibody formation,
lactic dehydrogenase (LDH) activity, Hemolysin in serum, and catalase activity. For the dose of the polyphenol L-0 (50, 100, and
200 mg/kg body weight), rapeseed polyphenol L-0, I(50 mg/kg body weight), or rapeseed polyphenol II(50 mg/kg body weight), a
significant increase ( p<<0.05=in relative spleen and thymus weight, DTH, and phagocytosis of macrophage was observed, and a
significant decrease in tumor formation, as well as a dosage effect of rapeseed polyphenol L-0 on tumor weight was also obtained.
The results showed that rapeseed polyphenol exhibited significant antitumor and immunomodulating activity on mice-transplanted
sarcoma 180.

Key words: Rapeseed meal; Polyphenol; Antitumor; Immunomodulation;Sarcoma 180

Introduction

Phyto-polyphenol is a kind of polyphenol with molecular weight ranged from 500 to 3000. Phyto-polyphenol shows a lot
of physiological activities, such as anti-inflammatory, bacteriostasis, anti-oxidation, anti-mutation, and many other activities
due to its combination with protein and radical cleanup [1-4]. Recently more and more attention was paid to the
biological activities of phyto-polyphenol in medicine.

There is a lot of poly-phenol in rapeseed meal. However, rapeseed meal was usually used as feedstuff and
fertilizer. Some bioactive compounds, such as rapeseed protein, poly-phenol, polysaccharide and phytin were
isolated and purified to increase the value of rapeseed meal [5]. Rapeseed polyphenol exists as the forms of phenolic
acid and tannin. It has been reported that rapeseed phenolic acid exhibites as the same anti-oxidative activity as the
tertbutyhydroquinone, and higher anti-oxidative activity than the mixture of butylated hydroxyanisol, butylated
hydroxytoluene, and monoglyceride citrate [6].

The anti-oxidation and mechanism of rapeseed polyphenol were studied in some papers, in which results
showed that rapeseed polyphenol was a good scavenger of reactive oxygen species (ROS), and inhibitor of
lipoxygenase in vitro and in vivo. The mechanism of rapeseed polyphenol to inhibit oxidation is probably due to the
capabilities of high de-oxidation and inhibiting the enzymes associated with oxidation [7-8].

The main purpose of this paper is to research the antitumor and immunomodulating activities of rapeseed
polyphenol from the aspects of tumor weight, pathology of tumor tissues, relative spleen and thymus weight, delayed-type
hypersensitivity response, phagocytosis of macrophage, Splenocyte antibody formation, lactic dehydrogenase activity,
Hemolysin in serum, and catalase activity.

Materials and methods

Preparation and purification of polyphenol. The cold squeezed Huaza No.4 rapeseed meal was used (Wuhan city,
China). Polyphenol was extracted from the rapeseed meal sealed in a container in organic solvent A and water
(65%v/v) with 1.249 x 10 -2g/ml adjunct B at 51°C for 40min. After cooled to room temperature, the extract solution
was filtered to remove the meal. Organic solvent A was removed from the filtrate in a vacuum rotary evaporator
below 40°C. The aqueous solution was extracted in equal volume petroleum ether. The ether phase was freeze-dried.
It was applied to Special No.1 Macro reticular Resin. After washed with distilled water to remove polysaccharide
and protein impurity, it was washed with 74% ethanol aqueous solution with 0.1mol/l HCI 0.5%(v/v). The ethanol
solution was collected and evaporated to remove ethanol below 40°C. After freezing, its corresponding fraction was
white powder(rude polyphenol).It was then applied to Sephadex LH-20 to purify the polyphenol and washed with
water, methanol-water(1:2v/v) and methanol-water(1:1v/v) successively, the corresponding polyphenol L-0,
polyphenol L -I and polyphenol L -IIwas obtained.

Animals. Male and female Kunming mice (18-20g, 7-9 weeks old) were purchased from the Animal Research
Center, Institute of Disease Control and Prevention of Hubei Province. The mice were housed under standard
laboratory conditions, and fed with standard mouse-food pellets and water ad libitum.

Treatment of mice with Sarcoma 180 cells. Sarcoma 180 cells (purchased from Tongji Medical College,
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Huazhong University of Science and Technology, Wuhan) were passed into mice ascites. Then, ascites was
inoculated subcutaneously 0.2 ml (1 x 106 cells) into the right axilla of each mouse.

Normal control mice were not inoculated Sarcomal80 (group I). The mice inoculated Sarcoma 180 was divided
into nine groups (group II-VIII). The mice were treated as following: (Group I) normal control, received normal
saline; (Group II) model control, received normal saline; (Group III), the polyphenol L-0 (50 mg/kg body weight);
(Group 1V), polyphenol L-0 (100 mg/kg body weight); (Group V), polyphenol L-0 (200 mg/kg body weight);
(Group VI), polyphenol L -I(50 mg/kg body weight); (Group VII), polyphenol L -II(50 mg./kg body weight); (Group
VIII), positive control, received Cyclophosphamide (Cy, 20 mg/kg body weight).

Normal and model control mice received the saline intraperitoneally (i.p.), while positive control mice
cyclophosphamide. The rapeseed polyphenols was dissolved in saline and was administered (i.p.) for 10 days. The
dose volume was 0.2 ml.

Measurements of tumor weight, relative thymus, spleen, and liver weight. After administration for 10 days,
mice were sacrificed by cervical dislocation. Spleen, thymus, and tumor weights in the mice were measured [9].

Lactic dehydrogenase (LDH) activity assay. LDH activity was measured spectrophotometrically. 3.0 ml of
reaction mixtures contained 6.5 mmol/l NAD, 100mmol/l Tris HCI and 100mmol/l KCl, were added into 100pl mice
serum and kept at 30°C for 30s. The absorbance of the mixture was noted at 340 nm for 2 min at regular intervals,
the change of absorbance per minute (AA/min) is calculated. The unit activity of LDH was expressed as 1pmol
/min of NADH. Total LDH activity is as the following equation [10].

LDH(U/mL)=4.984AA/min (1)

Catalase activity assay. The catalase (CAT) activity was measured spectrophotometrically at 230 nm. The
blood from mice eyepit, after anticoagulation, centrifugation and wash with physiological saline, the erythrocytes
were obtained and diluted 100 times with distilled water. 4.0ml 0.3% hydrogen peroxide was added into 6ml
50mmol/l phosphate buffer (pH 7.0),10pl erythrocyte solution was added into 3.0ml of the buffer at 25°C. The
mixtures were used to measure the catalase activity. The CAT activity was measured by H,O, consuming as
described [11].

Phagocytosis of macrophage assay. Chicken red blood cells (CRBC) were used to assess the phagocytosis of
macrophage [12-13]. Briefly, mice were sacrificed 30 min after intraperitoneally injected 1 ml 1% CRBC, and then
injected 2.5 ml Hank’s. Activated Macrophages were obtained by lavage of the cavity into microscope slide. After
centrifugation at 150 x g for 10 min, the supernatant was removed and the free CRBC were lysed by sterile 0.16
mmol/l NH4Cl lysing buffer. Macrophages were dyed within 0.5-1.0 min right after the microscope slide was
air-dried. Microscope slide were washed by PBS and counted with microscope. The phagocytosis index was
measured by counting the number of phagocytosed CRBC per 100 macrophage cells [14].

Delayed-type hypersensitivity reaction to dinitrofluorobenzene. Mice were sensitized to
dinitrofluorobenzene (DNFB) by placing 25 pl 1% DNFB in acetone—gingili oil on the shaved abdominal skin of
recipients on the third and fourth day. Five days later, 10 pl 1% DNFB solution was placed on the right ear. Twenty
four hours later, the antigen challenge was evaluated by measuring weight difference of right and left ear with an
analytical balance [15].

Splenocyte antibody assay. Splenocytes taken from mice after administration of 0.2ml 20% sheep red blood
cells (SRBC) were suspended in phosphate buffer, 1.0ml 0.4% SRBC and 1.0ml cavy serum (1:10) were mixed with
the splenocyte suspension, and kept at 37°C for 1 hour. After centrifugation, the absorbance of the supernatant was
measured at 413nm [16].

Hemolysin in serum assay. Hemolytic assays were performed using a modification of Zhang’s method [17].
Sml 20% SRBC was injected into the mice twice at a seven days interval for immunity. The serum of each mouse
was divided equally into two parts. One part was added into equal volumes of mercaptoethanol. Then, the solution
was incubated at 37°C for 30 min to destroy IgM, and diluted 500 times. 0.5ml IgG (1:25), 0.5ml cavy serum (1:5)
and 1.0ml physiological saline were added into a mixture of 0.5ml of the diluted solution treated with
2-mercaptoethanol and 0.5ml 5%SRBC to determine IgG hemolysin. 0.5ml of another part of serum from the treated
mice by 20% SRBC, 0.5ml 5%SRBC, 0.5ml cavy serum (1:5) and 1.5ml physiological saline were mixed to
determine IgM serum. All samples for assay of IgG and IgM serum were incubated at 37°C for 1 hour, and shaken
once at the middle of time. The samples were then centrifuged at 3000 x g for 10min, were determined. All
measurements of the supernatants were made at 540 nm. IgG hemolysin (HCIgG) and IgM hemolysin(HCIgM) were
calculated as follows,

HCIgG = Am Xn (2)

HC]gM :Ab Xn (3)
where Am was absorbance of the serum treated by mercaptoethanol, Ab was absorbance of the serum without
treatment of mercaptoethanol, n was the diluted times of serum.

UV-Visible spectrum analysis.UV-Visible spectrum was obtained in a Shimazu UV-265 spectrometer.
Statistical analysis. The data were analyzed statistically using SAS8.2. The level of significance was at a P
value less than 0.05.
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Results

The effect of rapeseed polyphenol on Tumor inhibition. A significant tumor regression was observed at three
doses of polyphenol L -0, 50 mg/kg of polyphenol L -I and 50 mg/kg of polyphenol L —IIwhile compared with
model control (Figure 1). Tumor inhibition rates of polyphenol L —0 at the doses of 50-200 mg/kg were ranged from
30.23% to 44.19%, and exhibited a dosage effect. It indicated that rapeseed polyphenol could inhibit significantly
the tumor although the tumor inhibition rates at polyphenol L —0O(three dosage), L -I and L —II were less than that of
Cy at the dosage of 20 mg/kg (Table 1). For a dosage of 50 mg/kg, the tumor inhibition rate of polyphenol L -Iwas
stronger than these of polyphenol L -0 and L —II.

K

*k

|t
4

Tumor weight/ g
Sceo o oo o902 0o =
O = DN W e U1l OO0 N 0 O O

Normal Model L-0(50) L-0(100) L-0(200) L- | L-11  Positie
control  control control

Group

Figure 1. Effect of the rapeseed polyphenol on tumor regression of tumor-bearing mice. Model and positive control and the
polyphenol groups were inoculated sarcoma 180, normal control not. Model control received saline intraperitoneally and positive
control cyclophosphamide. The rapeseed polyphenol was dissolved in saline and was administered intraperitoneally. The dose
volume was 0.2 ml. Data are expressed with means+S.E. of 10 mice, P<<0.01 vs. model control.

Table 1 Characteristics of tumor inhibition of rapeseed polyphenol on the mice inoculated Sarcoma 180.
Values are means=S.E. of 10 mice.

Group Body weight gain (g) Tumor inhibition rate (%)
Normal control 11.42+2.02 /
Model control 10.76+1.46 /
L-0 (50 mg/kg) 8.65+2.77 30.23
L-0 (100 mg/kg) 7.89£1.27 36.05
L-0 (200 mg/kg) 9.32+1.64 44.19
L-I (50 mg/kg) 8.80+2.90 39.53
L-II (50 mg/kg) 8.9242.55 32.56
Positive control
(Cyclophosphamide) 745157 3700

Rapeseed polyphenol was an anti-nutrition substance in that rapeseed polyphenol can combine with protein to
influence the digestion and absorption of protein [18]. However, there were no significant difference at the index of
body weight gain between rapeseed polyphenol group (polyphenol L -0(a), L -I (b), and L —II (c)) and normal
control group (Table 1). Possibly because rapeseed polyphenol was injected into the axilla of mice rather than
entrance through alimentary canal, rapeseed polyphenol had no chance to contact the nutrition to influence the
digestion and absorption of nutrition.

Pathology observation of tumor tissue. The tumor inhibition effect of rapeseed polyphenol was also
demonstrated by the micrograph of tumor tissue through HE coloration. Under the high power microscope, karyon
showed black color, dyed tumor cells exhibited deeply red color and irregular profile, and some of tumor cells
displayed carykinesis phase (Figure 2A), which were the characteristics of tumor during a flourishing growth. The
region in the upside of Figure 2B showed lightly red color, there was only a few of purple dots and no full karyon of
tumor after the administration of Cyclophosphamide, the purple dots were the residues of necrotic tumor cells. And
under the high power microscope, the region of necrotic tumor cell, being lightly red color, exhibited in form of strip
and piece (Figure 2E-2I). The dead tumor cells, not owing to necrosis, also showed lightly red color region in
control group (Figure 2C), but the area of the region with lightly red color for control group (Fig.4c) was smaller
than that of every rapeseed polyphenol group (Figure 2D-2H), it indicated that rapeseed polyphenol inhibited
significantly the tumor cell growth, although the inhibition effect of rapeseed polyphenol was lower than that of
Cyclophosphamide(Figure 2D). This result of images was identical with that of tumor weight. Simultaneously, the
area of lightly red region exhibited a significant dosage effect at three dosages of rapeseed polyphenol L-0.
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Figure 2. Microgragh of tumor tissues of various group mice treated with substance at various amplified times. a-i represented
control group(no treatment, 400 x ), Cyclophosphamide (20 mg/kg, 400 x ), control group (40 x ), Cyclophosphamide (20 mg/kg,

40 x ), polyphenol L -0 (50 mg/kg, 40 x ), polyphenol L -0 (100 mg/kg, 40 x ), polyphenol L -0 (200 mg/kg, 40x ), polyphenol L
-1 (50 mg/kg, 40 x ), and polyphenol L-II (50 mg/kg, 40 x ), respectively.

Thymus and spleen weight. Thymus and spleen is immunity organ. Their weights reflect non-specific
immunity function. At the dosage of 50, 100, and 200 mg/kg polyphenol L -0, a significant increase (P<<0.05) in
relative organ weight of thymus and spleen was observed (Table 2).

Table 2. Effect of the rapeseed polyphenol on relative spleen and thymus weight of tumor-bearing mice. Relative thymus weight
was measured in the ratio of the thymus weight (mg) to body weight (g). Relative spleen weight was measured in the ratio
of the spleen weight (mg) to body weight (g). Values are means+S.E. of 10 mice.

Group Relative thymus index (mg/g) Relative spleen index (mg/g)
Normal control 3.32+4043 6.63+1.19
Model control 2.99+0.52 8.64+1.31
L-0(50 mg/kg) 3.21+0.90 9.21+1.83
L-0(100 mg/kg) 327+0.52 9.01£1.50
L-0(200 mg/kg) 3.3440.98 9.13+1.46
L-1(50 mg/kg) 3.19+1.00 9.93+1.53
L-II(50 mg/kg) 3.1340.96 9.17+1.72
Positive control
(Cyclophosphamide) 1.84:0.39 5.44+0.84

Phagocytosis of macrophage. Phagocytosis ability of macrophage increased significantly for the
tumor-bearing mice treated with rapeseed polyphenol L-0, Torllas compared with model group (Figure 3).
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Figure 3. Effect of rapeseed polyphenol on phagocytosis of macrophage. The phagocytic index was measured by counting the
number of phagocytosed CRBC per 100 macrophage cells. Values are means+S.E. of eight mice; **P<C0.01 vs. model control.

Delayed-type hypersensitivity reaction. Administration of five group of rapeseed polyphenol, a significant
increase of weight difference is found while comparing to model control group(Figure 4).
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Figure 4. Effect of rapeseed polyphenol on cell immunity (evaluated by DTH to DNFB). Mice were sensitized to
dinitrofluorobenzene (DNFB). The antigen challenge was evaluated by measuring weight difference of right and left ear with an
analytical balance. Values are means£S.E. of 10 mice; **P<<0.01 vs. model control.

Splenocyte antibody formation. To confirm the effect of the rapeseed polyphenol on the cellular immune
response, the antibody formation of splenocytes is evaluated from mice. The formation of splenocyte antibody
shows the ability of B cell to secrete antibody and the whole immune function of boby fluid [19]. The results
indicated that the antibody index of polyphenol groups increased significantly comparing to model group, whereas
for polyphenol L-0, their responses were almost restored to normal level (Figure 5).

Hemolysin content in serum. Hemolysin content in serum reflects the special immune function of body fluid.
From table 3, it is shown that only polyphenol L-0 at high concentration enhanced significantly the content of
hemolysin. It implied that rapeseed polyphenol did not increase the immune function through hemolysin effect.
However, cyclophosphamide signidicantly reduced the immune function through decreasing hemolysin content.
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Figure S. Effect of rapeseed polyphenol on the formation of splenocyte antibody. The concentration of Splenocyte antibody was
expressed as the absorption at 413 nm. Values are means£S.E. of 10 mice; **P<<0.01 vs. model control.

Table 3 Effect of rapeseed polyphenol on content of serum hemolysin in Sarcoma180 bearing mice. Values are means+S.E. of 10 mice.

P <0.05 vs. model control..

Treatment HCp HCpgu HC o +HCpm
Normal control 229.6+33.7 525.7£79.2 755.3+118.7
Model control 198.4+21.0 414.3463.0 612.7£79.8
L-0(50 mg/kg) 213.34£21.9 425.5+53.6 638.8£72.4
L-0(100 mg/kg) 214.6+18.4 434.7+50.9 649.3+65.9
L-0(200 mg/kg) 229.1+£22.3 478.3+53.6 707.4+73.6
L-1(50 mg/kg) 214.1£23.4 42644459 640.5+£68.1
L-11(50 mg/kg) 213.1+18.9 426.4+46.2 639.5+63.7
Positive control
(Cyclophosphamide) 178.7+18.7 215.2+57.6 393.9+73.1

Lactic dehydrogenase activity. In this study, lactic dehydrogenase activity in the serum of sarcoma 180 mice
decreased significantly after administration of rapeseed polyphenols (polyphenol L-0, L-I, L-II). Rapeseed
polyphenol inhibited lactic dehydrogenase activity(Figure 6).
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Figure 6. Effect of rapeseed polyphenol on the activity of serum lactic dehydrogenase in S180 bearing mice. Values are means=S.E. of 10

mice; ** P <0.01 vs. model control.

Catalase activity. The CAT activity of Erythrocyte was assessed by H,O, consuming. The rapeseed polyphenol showed a
significant effect on CAT activity (Figure 7).
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Figure 7. Effect of rapeseed polyphenol on the activity of catalase in erythrocyte of S180 bearing mice. Values are means+S.E. of 10 mice;
**P <0.01 vs. model control.

Discussion

A tumor-bearing animal model is made to research on the antitumor and immunomodulating activities
according to pharmacology. A significant tumor regression of the rapeseed polyphenol L-0 (50, 100, and 200 mg/kg),
L-1(50mg/kg), and L-II(50mg/kg) group mice was observed comparing with model control group (Figure 1). The
tumor inhibition effect of rapeseed polyphenol was also demonstrated by the micrograph of tumor tissue through HE
coloration. It indicated that rapeseed polyphenol inhibited significantly the tumor cell growth, although the
inhibition effect of rapeseed polyphenol was lower than that of cyclophosphamide (Figure 2D). This result of images
was identical with that of tumor weight. Simultaneously, the area of lightly red region exhibited a significant dosage
effect for rapeseed polyphenol L-0.

A significant increase of relative thymus and spleen weight in the polyphenol groups’ mice was observed
comparing with model control group (Table 1). The relative spleen and thymus weight were important index for
nonspecific immunity. Immunopotentiator could increase spleen and thymus weight. Immunosuppressive agent
could induce weight decrease of spleen and thymus or decline for immune function. The polyphenol could restore
the immunity of mice, which was of the inhibition of tumor retain unclear.

It is confirmed that the polyphenol could augment phagocytosis of macrophage of tumorbearing mice (Figure 3),
and Delayed-type hypersensitivity reaction enhanced significantly through administration of the polyphenol L-0, I,
or II (Figure 4). The formation of splenocyte antibody shows the ability of B cell to secrete antibody and the whole
immune function of boby fluid (19).Our research indicated that the antibody index of tumor-bearing mice treated
with rapeseed polyphenol also increased significantly. For polyphenol L-0, the index was almost restored to normal
level (Figure 5). Moreover, Hemolysin content in serum reflects the special immune function of body fluid. Table 3
showed that only polyphenol L-0 at high concentration enhanced significantly the content of hemolysin. It implied
that rapeseed polyphenol did not increase the immune function through hemolysin effect. However,
cyclophosphamide significantly reduced the immune function through decreasing hemolysin content.

Due to relative thymus and spleen weight, and phagocytosis index of macrophage reflect non-specific immune
function of body, delayed-type hypersensitivity reaction reflects the cellular specific immune function, and
hemolysin in serum reflect reflects the immune function of body fluid. All of these indexes show the whole immune
function of body. The results of these indexes demonstrated that rapeseed polyphenols could enhance the immune
function.

Lactic dehydrogenase is a key glycolytic enzyme. The energy for tumor cell’s growth depends mainly on
glycolysis since tumor cells will gangrene without nutrition [20]. Therefore, lactic dehydrogenase activity usually
enhanced when tumor cells appeared. In our research, lactic dehydrogenase activity in the serum of sarcoma 180
mice decreased significantly after administration of rapeseed polyphenols (polyphenol L-0, L-I, or L-II). Rapeseed
polyphenol inhibited lactic dehydrogenase activity, which availed to inhibit sarcoma 180 growth, but rapeseed
polyphenol inhibited sarcoma 180 growth not only through the inhibition of lactic dehydrogenase activity because
the lactic dehydrogenase activity did not exhibit a dosage effect for polyphenol L-0. As above experiments,
cyclophosphamide inhibited efficiently tumor growth, but the lactic dehydrogenase activity did not change
significantly after the administration of cyclophosphamide. It implied that the inhibition of sarcoma 180 growth
treated with cyclophosphamide did not depend on mainly lactic dehydrogenase activity effect.

Catalase, an antioxidase, can catalyze hydrogen peroxide to be degraded as water so that the body is avoided to
be oxidized. The rapeseed polyphenol L-0, Tor II could increase the catalase activity of in erythrocyte of sarcoma



50 QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition

180 bearing mice.(Figure 7). It demonstrated the antitumor activity of rapeseed polyphenol attributed to antioxide
ability of macrophage partly.
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Abstract

In this study, four near-isogenic B.napus varieties with absence of erucic acid and decreasing amounts glucosinolates were
used to characterise the proteins affected during the breeding process. Two strategies were investigated, 1/ by quantitative
differential 2D electrophoresis and 2/ by shotgun proteomic approach involving isobaric tagging of peptides.

1) Using 2D electrophoresis analysis, 72 spots were found to be differentially expressed between the studied lines. Forty
were identified by mass spectrometry that are involved mainly into carbohydrate pathway or detoxification/ defence. A validation
of the differential expression of two of these proteins was performed using quantitative PCR.

2) Despite the high performance of 2D electrophoresis, it was difficult to quantify the storage proteins. Cruciferins were
scattered into at least 20 distinct spots and napins were hardly detected due to their low molecular mass and the basicity of some
isoforms. In this context, we used an alternative shotgun proteomic approach which is based on the enzymatic hydrolysis of the
entire proteome, followed by a multi-dimensional chromatographic separation of the resulting peptides. In order to compare the
expression level of proteins between the four lines, peptides were labeled with iTRAQs reagents prior to tandem mass
spectrometry. Results show that the ratio between cruciferins and napins in mature seeds correlates to the amount of
glucosinolates.

Key words: Oilseed rape, Brassica napus, 2D electrophoresis, breeding, napin, cruciferin, shotgun proteomic, iTRAQ

Introduction

Rapeseed was subjected to intensive selective breeding to reach what is called canola-quality rapeseed (double-low “00”,
“zero erucic acid, zero glucosinolates™) with the reduction in two toxic compounds : the erucic acid in the edible oil was
eliminated, and the glucosinolate level was decreased in the meal for feedstock uses. Brassica napus seeds contain a series of
glucosinolates derived from various amino acids. These secondary metabolites are involved in defence against predators or
parasites through their degradation products (Bone & Rossiter, 1996) which are also toxic in nutrition. After rapeseed
industrial transformation, glucosinolates and their degradation products still remain in meal. The improvements made through
breeding research programs paid little attention to the seed protein composition. However previous studies showed that the
balance in the major storage proteins (napins (2S) and cruciferins (12S)) has been modified into the 00 varieties (Raab et al.,
1992; Malabat et al., 2003).

Previous studies comparing varieties by 2D electrophoresis pointed out a large number of protein variations, new
isoforms, displacement of protein probably related to different post translational modifications and a very large number of
quantitative differences. In the case of Arabidopsis, a proteomic comparison of eight ecotypes revealed that they displayed
qualitative as well as quantitative differences. They share only 25% of their total spots and 10 % of them were specific for one
ecotype (Chevalier et al., 2004). The number of common spots increased considerably when the comparison is achieved
between varieties of the same species. Two B. oleracea were shown to share around 77 % of their leave proteome and 78 % of
their stem proteome (calculated from Albertin’s data, 2005).

In our study, we decided to explore the impact of the breeding process (reduction of erucic acid and glucosinolate
contents) on the seed proteome by using two strategies : 1) quantitative differential 2D electrophoresis and 2) shotgun
proteomic approach involving isobaric tagging of peptides. Despite the well known efficiency of 2D electrophoresis, the
second strategy was developed in order to get information on the 2S storage protein (napin) which, because of their high
basicity added to their small molecular weight, are not detected in 2D gels.

Material and Methods

Plant material and growth conditions. Four winter-type Brassica napus varieties, namely Gaspard (++), JetNeuf (0+),
Darmor (00) and Darmor-bz/ (00) that belong to a near-isogenic family, provided by APBV INRA Research Centre in Rennes,
France, were used in this study (Renard et al., 2001). Plants were grown under controlled and reproducible conditions
(16-hours photoperiod; 18 to 20°C night/20 to 22°C day temperature). Dry mature seeds were harvested at 60 days after
pollination.

2D electrophoresis. Dry mature Brassica napus seeds were ground in a buffer (§8M Urea, 2% Chaps, 2M Thiourea,
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18mM DTT, 2% ASB C80). After 2 hours agitation at room temperature, the extracts were centrifuged at 13,000g for 30 min
and the protein fraction was recovered in the supernatant.

Isoelectrofocusing was performed on strips pH 3-10 loaded with 200 or 500 pg of proteins. The proteins were separated
in a second dimension on 10% and 15% polyacrylamide gels. The gels were stained with Coomassie Brilliant Blue G250
(Sigma-Aldrich) according to Consoli & Damerval, 2001.The images obtained from the four varieties were analysed using
Image Master 2D Platinium software (GE Healthcare). The statistical analysis were performed using Statgraphics. Protein
spots were picked up manually and in gel digested by trypsin  prior to mass spectrometry. The resulting peptide mixture was
acidified by the addition of 1 pL of an aqueous solution of formic acid (1%, vol.).

Sample preparation and labeling for shotgun analysis. One hundred micrograms of protein from each sample were
reduced, alkylated, digested with trypsin and labeled with the isobaric reagents according to the protocol given in the
iTRAQ™ reagent kit (Applied Biosystems). Labeled samples were pooled and subjected to strong cation exchange (PolyLC
Polysulfoethyl A column (4.6 mm x 100 mm) fractionation with salt gradient (Agilent Technologies, Inc, Palo Alto, CA, USA).
Collected fractions were dried using a vacuum centrifuge. Samples were labeled as follows: 114 tag — Darmory,;,; 115 tag —
Darmor; 116 tag — Jetneuf; 117 tag — Gaspard

Protein identification by mass spectrometry. The digested proteins and the labelled peptides mixture were analysed on a
nanoscale capillary liquid chromatography-tandem mass spectrometry (LC-MS/MS) using a Switchos-Ultimate capillary LC
system (LC Packings/Dionex, Amsterdam, the Netherlands), coupled with a hybrid quadrupole orthogonal acceleration
time-of-flight mass spectrometer (Q-TOF Global, Micromass/Waters, Manchester, UK). Mass data acquisitions were
processed with Masslynx software (Micromass/Waters) using the so-called “data dependent acquisition” mode. Protein
identification was achieved by searching mass data in the UniProt/Swiss-Prot and UniProt/ TrEMBL databanks (10-01-2006),
or in the TIGR Gene Indices databank (Brassica napus: release: 29-09-2004).

Gene expression quantification using real-time quantitative PCR. Total RNA was extracted with the SV Total RNA
Isolation System (Promega, Madison, USA) according to the instructions of the manufacturer. For reverse transcription
(RT)-PCR studies, 2.5 pg of DNA-free RNA extract was converted into first-strand cDNA by using the SuperScriptIl
preamplification system for first-strand synthesis kit (Invitrogen) and oligo(dT);,_;s, Amplification of cDNA was conducted in
optical 96-well plates with an ABI PRISM® 7700 cycler (Perkin-Elmer Applied Biosystems, Foster City, CA) using SYBR”
Green to monitor dsDNA synthesis. Reactions were performed with 12.5 L 2x SYBR Green Master Mix reagent (Applied
Biosystems), 12.5 ng of cDNA and 900 nM of each primers in a final volume of 25 pL, under the following thermal
conditions : 50°C for 2 min; 95°C for 10 min; 40 cycles of 95°C for 15 sec and 60°C for 1 min. At the end of the reaction, a
dissociation curve (95°C for 15 sec; 60°C for 20 sec; a 20 min-ramp to 95°C; 95°C for 15 sec) was run to verify amplicon
specificity. Data were analysed using the SDS 1.7 software (Perkin-Elmer Applied Biosystems). To determine the level of
specific transcripts present in a sample, we performed relative quantification through the method of the standard curve
(according to ABI7700 user guide). Gene specific primers were designed with Primer Express 1.5 software (Perkin-Elmer
Applied Biosystems) using the basic parameters (primer size 18-25 bases; 20-80% GC; primer Tm 58-62°C; amplicon length
50-150 bp; amplicon Tm > 76°C). Sequences are as follows:

Q-BnEF1-1-UP 5'-CGGTGTCATCAAGAGCGTTG-3'; Q-BnEF1-1-RP 5'-GGACTTTGATTCATCTGCGGAT-3';

b-glucosidase-UP 5'-CCGGGCCTAAAACAGAAATCAT-3"; b-glucosidase-RP
5'-TGAGAAGAACTCCAACACAAACTCA-3'; Glutathione S transferase-UP 5'-CCCTGGGTATGAGAAGTTTGGT-3';
Glutathione S transferase -RP 5'-CCTCTTAGCCCATGCAATCAG-3'

Results and discussion

2D electrophoresis reveals slight differences in protein expression within the near isogenic line

The seed proteomes of the four varieties were compared using 200 pg protein loading and 15% acrylamide gels. A mean
number of spots of 180 was obtained in these conditions. Five very intense spots were present on these gels; using western blot
analysis they were identified as cruciferin polypeptides. This identification has been confirmed and refined by mass
spectrometry. The cruciferins polypeptides were scattered into about 20 spots as revealed by Western blot analysis. The sum of
the volumes of these spots accounted for about 30 % of the total spots volume on the gels obtained for all the varieties. Only
two of them identified as cruciferin beta polypeptides were differentially expressed between the varieties.

In order to get deeper into the seed proteome, the varieties were compared using 500 pg of protein loading and 10%
acrylamide gels. These conditions permitted to increase the number of spots. A slightly but significantly different number of
spots was detected between Gaspard, JetNeuf, Darmor and Darmor-bzA with 495 + 40, 456 + 29, 562 + 8 and 604 + 32 spots,
respectively. A multiple range test at 0.01 confidence level revealed a total of 69 differences between these varieties.

Gaspard (++) and Jetneuf (0+) differ by their acid erucic content, and present 55 different spots and most of them were
over expressed in Jetneuf. Among these, 32 proteins were identified and are mainly involved in two functional classes :
carbohydrate pathway and detoxification/ defence system.
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Fig 1 : Zoom on seven spots of TC358 homologue to beta glucosidase Q42618 in a 2D gel electrophoresis.

Expression pattern of each spot across the four varieties : Gaspard, Jetneuf, Darmor, Darmor bzh.

Beta-glucosidase class 1 (TC 358 in the TIGR gene indices) is an example of proteins expressed differentially between
the varieties (Figure 1). Beta glucosidase is implicated in the polysaccharide catabolism and such a large variation in its
expression between Gaspard and its progeny was not expected.

Therefore we quantified its mRNA expression by RT PCR within the four varieties during the last developmental stages
(Figure 2).
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Fig 2 : Relative expression profiles of beta glucosidase (Q42618) measured in Gaspard (thombus),
Jetneuf (squares), Darmor (triangles) and Darmor bzh (crosses)

The expression patterns of beta glucosidase in the mature seeds were quite similar across the seven spots, this protein is
clearly under expressed in Gaspard. The comparison with mRNA expression patterns shows that the mRNA level is very low
for Gaspard and higher for Darmor and Darmory,,,. However the mRNA expression pattern in JetNeuf is comparable to that in
Gaspard. It seems that in this case, the transcripts are present but not their products.
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Fig 3 : Expression profiles of glutathione S transferase (Q9ZRW8) measured in Gaspard (thombus),
Jetneuf (squares), Darmor (triangles) and Darmor bzh (crosses)

The differential expression of beta glucosidase within the near isogenic line was confirmed. The relation with the
breeding process is quite unclear, although a potential involvement of these enzymes in stress response and plant defence has
been recently suggested (Stotz et al., 2000; Matsushima et al., 2003),.

Among the proteins involved in the defence/detoxification system, we focused here on a glutathione S transferase (GST,
Q9ZRW3S) over expressed in double null varieties compared to their parents. In this case a good correlation was found with the
corresponding mRNA patterns (Figure 3). Many functions have been described for GSTs : conjugation between G-SH and
xenobiotics, defence against oxidative stress and involvement in plant cell stress signaling. Taking into account these functions
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and especially those of detoxification, it cannot be excluded that the less amount of GST in double null lines could be a
consequence of the breeding process.

As expected, the use of varieties belonging to a near-isogenic family lead to a reduction of the proteome variability.
Lowering the background we found 39 differentially expressed proteins however in most of cases it was difficult to rely their
expression and their functions to the breeding process. In the case of storage proteins, our results didn’t revealed any impact on
the 128 globulin family.

Comparison by shotgun proteomic method associated to iTRAQ labelling

Using 2D electrophoresis, we were able to quantify and compare only one of the two major storage protein families in the
seed, the 12S globulin. However some papers reported a variation of the ratio between 12S and 2S related to the breeding for
glucosinolates. Therefore as napins (2S) were hardly detected due to their low molecular mass and the basicity of some
isoforms, we set up an alternative shotgun proteomic method. The entire seed proteome of each variety is first hydrolysed, the
resulting peptides are then labeled with one of the four isobaric tag and the derivatized digests are combined together. This
mixture is then separated by a multi-dimensional chromatography prior mass spectrometry analysis.

Table 1. Seed storage proteins relative quantification (+ 0.2) between the four varieties.

Gl GID D D/Dn
(04 (++H00) (0+/00) (00/00)
117/116 17115 116/114 115/114

128 family 0.84 0.81 0.92 1.09

2S family 1.04 153 1.66 1.01

This strategy resulted in 4000 spectra (three repetitions) from which 457 peptides were identified and quantified. Among
these, 66 originated from storage proteins and permitted the identification of 13 different storage proteins. In the case of the 2S
family, 7 different napins were identified, each by at least three specific peptides. Their relative quantification between the four
varieties revealed that most of these proteins were less expressed in the low glucosinolates varieties. Another analysis of our
results was also performed by grouping peptides of the same family and used all of them to quantify the family. The results
obtained for 2S and 12S families are reported in Table 1. The relative quantification across the four lines revealed a relative
stability of the expression of the 12S family given the maximum standard deviation of 20% (Ross et al., 2004). This was also
the case when looking at the isoforms individually. On the contrary, the expression of the 2S decreased in the double null
varieties lowered in their glucosinolates content.

Conclusion

Numerous proteins differentially expressed have been identified and quantified. The two strategies developed here are
very complementary for the type of proteins detected. Some proteins were identified by both methods; the measurement of
their differential expression give very similar results and therefore reinforce our findings. The expression of napin decreased in
varieties selected for their lower amount in glucosinolates while at the same time the expression of globulins remained stable.
These results corroborate those on the increase of the 12S/2S ratio in double null varieties compared to their parents.
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Abstract

A high-throughput Near-Infrared Reflectance Spectroscopy (NIRS) method using an automated sample presentation unit for
single seeds of oilseed rape and a new kind of spectrometer equipped with a photodiode array detector was developed. First
analyses have been accomplished with a throughput of about 500 seeds per hour. Seeds from segregating F, populations of
different origin were analysed by NIRS and gas liquid chromatography (GLC). Calibration equations were developed and
validated. The coefficients of determination in cross validation were 0.81 for oleic acid, 0.76 for linoleic acid and 0.57 for linolenic
acid. The ratio standard deviation/standard error in cross validation (SD/SECV) ranged from 2.4 for oleic acid over 2.1 for linoleic
acid to 1.7 for linolenic acid. Using four different external validation sets, the coefficients of determination in external validation
varied between 0.44 and 0.88 for oleic acid, between 0.31 and 0.72 for linoleic acid and between 0.11 to 0.33 for linolenic acid.
The results show that the new high-throughput method can be applied to predict the oleic and linoleic acid content of single
rapeseeds. However, the calibration seed sample set need to be extended by more seeds derived from different crosses and
environments before robust results can be expected in routine analysis.

Key words: fatty acids, quality, single-seed NIRS, Near-Infrared Reflectance Spectroscopy, HOLL, high oleic, low
linolenic, photodiode array detector

Introduction

Rapeseed with a high content of oleic acid (18:1) and with a low content of linoleic (18:2) and linolenic acid (18:3) has a
large potential for applications in the food and oleochemical industry (Moéllers 2004). The aim of the present project is to
develop a Near-Infrared Reflectance Spectroscopy (NIRS) method for high throughput analysis of oleic and linolenic acid
content of single seeds in oilseed rape. Since the fatty acid composition of the seed oil is mainly determined by the genotype of
the embryo, such a method could be useful for the non-destructive analysis of segregating F2-seed populations. Fatty acid
composition of single rapeseeds has been successfully determined earlier by applying single seed adapters to standard NIRS
equipment (Sato et al. 1998, Velasco et al. 1999).

Material and Methods

Technology: Two innovations allow for a non-destructive high throughput determination of fatty acid composition in
single seeds of oilseed rape: an automated sample presentation unit (PPM unum, constructed by Ingenieurbiiro Steps, Jena,
and VDLUFA, Kassel) and a new kind of spectrometer (ZEISS MCS 611). A schematic drawing of the automated sample
presentation unit is shown in Figure 1. The tubes of a spindle move through a holding tank containing seeds of oilseed rape. As
the tubes are connected to a vacuum pump, a single seed is aspirated by the tube (1) and transported to a set of three optic
fibres (2). The outer two fibres transmit white light of a halogen lamp to the sample seed, while the inner fibre transmits the
reflected light to a spectrometer. The spectrometer is equipped with a novel photodiode array detector that is able to record the
full spectrum (1340 —2000 nm) at once within milliseconds. Finally, the single seed is stripped off into a downspout (3) and
arrives at a free position on a microtiter tray, which then moves automatically to the next free position.

Calibration development: Four breeding companies involved in this project provided seeds for NIRS analysis: In total
1051 single seeds from different crosses segregating for oleic, linoleic and linolenic acid were scanned by NIRS (1340 —2000
nm) and subsequently analysed by gas liquid chromatography (GLC) for their fatty acid content. NIRS calibrations were
developed using WinlISI 1.61 software. Between 1014 and 1018 sample spectra were used for development of calibration
equations.

External validation: In order to evaluate the performance of the calibration equations in routine analysis, cross validations
and external validations have been accomplished. For external validations, spectra from seeds obtained from the four different
breeding companies were separately removed from the primary calibration set and used as four different validation sets
(V1-V4). New calibrations (C1-C4) were developed in each case from the remaining spectra. These calibrations were used to
predict the fatty acid contents of the validation sets not represented in the calibration.
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Figure 1. Principle of the automated sample presentation unit (PPM unum) for single rapeseeds constructed by
Ingenieurbiiro Steps (Jena) and VDLUFA (Kassel)
Results

In the complete calibration seed sample set the oleic acid content ranged from 43% to 89% with a standard deviation of
5.3% (Tab. 1). The standard error of cross validation (SECV) was 2.22 and the coefficient of determination in cross validation
(r(cv)®) was 0.81 (see also Fig. 2). The ratio SD/SECV was 2.4. Linoleic acid content ranged from 2.5% to 29% with a
standard deviation of 4.8%. The SECV was 2.31 and the coefficient of determination in cross validation was 0.76. Linolenic
acid content ranged from 1% to 13% with a standard deviation of 1.6. The SECV was 0.96 and the coefficient of
determination in cross validation was 0.57. The analyses have been accomplished with a throughput of about 500 seeds per
hour.

Table 1. NIRS calibration and cross validation statistics for the percentage of oleic (18:1), linoleic (18:2) and linolenic acid (18:3) in
the oil of intact single seeds of oilseed rape. Values as percentage of total fatty acids. Mean, standard deviation (SD) and range are
GLC data. SEC standard error of calibration, SECV standard error of cross validation, r(c)2 coefficient of determination in
calibration, r(cv)z coefficient of determination in cross validation

Fatty acid Mean SD Range SEC 1(c)’ SECV (cv)? SD/SECV
18:1 76.3 53 553 - 88.9 2.11 0.83 222 0.81 24
182 135 48 25 - 289 2.16 0.79 231 0.76 2.1
183 38 1.6 1.1 - 129 0.93 0.59 0.96 0.57 1.7

For external validation between 147 and 309 seed spectra were removed from the primary calibration set (Tab. 2). The
calibrations developed with the remaining seed spectra showed for all three different fatty acids similar values for the SECV
and for the coefficients of determination in cross validation; for comparison see Table 1 and Table 2.  For all three fatty acids,
the standard deviations of the four validations sets were lower compared to the primary calibration sets. For oleic and linoleic
acid the standard errors of prediction corrected for the systematic error (SEP(C)) were in most cases much higher than the
standard errors of calibration (SEC) of the primary calibration set. The SEP(C) was also large in comparison to the standard
deviations of the validation sets. For oleic acid, the coefficients of determination in external validation (r(e)?) ranged between
0.44 and 0.88 for the four different validation sets. For linoleic and linolenic acid the coefficients of determination in external
validation ranged from 0.31 to 0.72 and from 0.11 to 0.33, respectively.
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Figure 2. Relationship between oleic acid (18:1) content as determined by GLC and by NIRS
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Table 2. NIRS external validation statistics for the percentage of oleic (18:1), linoleic (18:2) and linolenic acid (78:3) in the oil of intact
single seeds of oilseed rape. Values as percentage of total fatty acids. Mean and standard deviation (SD) are GLC data. SEP(C)
standard error of prediction corrected by systematic error, r(e)’ coefficient of determination in external validation

Calibration External Validation

Fatty acid Name SECV 1(cv) Name N Mean SD SEP(C) 1(e)’
Cl1 22 0.82 \%! 295 755 49 2.7 0.71

181 2 23 0.81 V2 309 80.4 4.1 35 044
c3 19 0.86 V3 300 742 42 3.7 047

C4 2.1 0.80 V4 147 76.0 46 29 0.88

C1 23 0.79 Al 295 14.6 43 29 0.60

182 2 2.6 0.73 V2 309 10.6 3.7 32 0.35
c3 2.1 0.76 V3 300 14.0 34 39 0.31

C4 2.1 0.76 V4 147 13.8 41 3.8 0.72

Cl 1.0 0.51 Al 295 40 09 1.1 023

183 2 1.1 036 V2 309 2.6 0.6 0.9 0.14
c3 0.9 0.60 V3 300 44 0.7 12 0.33

c4 0.9 0.65 V4 147 3.9 0.8 2.0 0.11

Discussion

The preliminary results from this study show that the new high-throughput NIRS method can in principle be used to
predict the oleic and linoleic acid content of single rapeseeds. However, the standard error in cross validation still appears high
in comparison to the standard deviation (SD/SECV=2.4 and 2.1), indicating that an efficient selection will be possible only in
F, seed populations showing a large variation (Fontaine et al. 2001). The comparison of the coefficient of determination in
calibration, 7(c)’, with the coefficient of determination in cross validation, r(cv)’, in Table 2 shows similar values, indicating a
spectral homogenous seed population. Nevertheless, in external validation using different subsets of the primary calibration set,
mostly inferior results were obtained, although calibration statistics (SECV, r(cv)’) were similar. This indicates that the
calibration set need to be extended by including more sample spectra from seeds derived from different crosses and different
environments to become more robust in routine applications.

The development of a reliable calibration equation for linolenic acid showed to be more difficult. The SECV was high in
comparison to the standard deviation (SD/SECV=1.7) and the results obtained in external validation show that a selection in
routine applications will not be possible. Velasco et al. (1999) also reported inferior calibration statistics for linolenic acid in
comparison to oleic acid, applying standard NIRS and single seed adapter ring cups. It needs to be shown whether the
calibration can be improved and be made more robust by including more seed material from different crosses and
environments.

Conclusions

The results obtained so far show that the new high-throughput NIRS technology is a promising method for the fast and
non-destructive estimation of the fatty acid content of single seeds of oilseed rape. The analyses have been accomplished with
a throughput of about 500 seeds per hour. However, it should be kept in mind that a considerable amount of time is also
needed for handling, storage and checking the spectra for correct sorting, outliers, etc. More spectra from individual seed
samples derived from different crosses and environments need to be included in the calibrations to make them more robust in
validations and practical applications.
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Abstract

The experiment was carried out in order to investigate the effect of nitrogen fertilisation on content of crude fat, total protein
and glucosinolates in seeds and fatty acid composition in oil of five cultivars of oilseed rape. The effect of spring nitrogen
fertilisation on qualitative characters was similar in all cultivars cultivated in the experiment. Small but significant effect of
nitrogen fertilisation on total glucosinolate content in seeds was observed. Nitrogen fertilisation did not influence significantly fatty
acid composition in oil. Environment conditions and interaction of environment conditions with agronomy and cultivar factors had
not significant effect on qualitative characters evaluated in the experiment.

Key words: winter oilseed rape, nitrogen application, cultivars, glucosinolates, fatty acids.

Introduction

Quality of seeds is determined by cultivar genotype, environmental conditions and agronomical practices. Among
agronomical practices the highest effect on quality of winter oilseed rape seeds has mineral fertilisation. Fat and protein
content in winter oilseed rape seeds is significantly modified by spring nitrogen fertilisation (Mus$nicki et al. 1999). The effect
of nitrogen fertilisation on glucosinolate content in winter oilseed rape seeds (Wojtowicz et al. 2002, Wielebski and Wojtowicz
2004) and fatty acid composition (Delhaye and Guyot 1969, Kotecki et al. 2001, Musnicki et al. 1999) in general is not
significant. Nevertheless Bilsborrow P. E. et al. (1995) proved significant increase in glucosinolate content and Jedrzejak et al.
(2005) showed variability of fatty acid composition under the influence of nitrogen fertilisation. Effect of fertilisation on
quality of seeds can depend on environmental conditions. Also cultivars can react differently to nitrogen fertilisation level
(Grate and Schweiger 1991).

The experiment was carried out in order to investigate the effect of nitrogen fertilisation on quality of seeds of five
cultivars of oilseed rape.

Material and Methods

The subjects of laboratory investigation were seeds from two-year experiment performed in 2004 and 2005 in
Lagiewniki Experimental Station situated in Greater Poland region. The experiment was conducted in split-plot design in four
replications. The effect of nitrogen fertilisation applied in the form of ammonium nitrate (60, 100, 140, 180, 220 kg N-ha™) to
the content of crude fat, total protein and glucosinolates in seeds and fatty acid composition in oil of five cultivars of oilseed
rape: Lisek - open pollinated variety, Mazur, Kaszub - composite hybrid varieties, BOH 3103, MR 153 — restored hybrid
varieties, was investigated. Fat content was determined by Nuclear Magnetic Resonance. Protein content was estimated by
Kjeldahl N determination x 6.25. Glucosinolate content and fatty acid composition was analysed using gas chromatography
method.

Results and Discussion

Cultivars differed in crude fat and total protein content in seeds (Table 1). The smallest crude fat (44.4%) and total protein
(18.0%) content were registered in seeds of cultivar Lisek. Seeds of Kaszub were characterised by the highest content of crude
fat (46.0%). Cultivars did not differ in yield of fat and differences between protein yield were noticed only between restored
hybrid cultivars.

Nitrogen fertilisation significantly influenced the content of crude fat and total protein in seeds. The increase of nitrogen
dose from 60 to 220 kg-ha™ caused the decrease of crude fat content from 46.0 to 44.2% and the increase of total protein from
18.4 to 20.1%. These results are consistent with previous work which demonstrated fat reduction and protein rise with an
increase of nitrogen dose (Holmes and Ainsley 1978, Budzynski 1986, Wright et al. 1988, Taylor et al. 1991, Jasinska et al.
1993, Musnicki et al. 1999, Wojtowicz et al. 2002).

The yield of fat and protein was dependent on nitrogen doses as well. The increase of fat yield was noticed up to the dose
of 180 kg N-ha”, and protein yield up to the dose of 220 kg N-ha™.

The highest contents of total and alkenyl glucosinolate were registered in seeds of composite hybrid varieties: Kaszub
and Mazur (16.4 and 14.6 pM-g" seeds) and the smallest restored hybrid varieties: BOH 3103 and MR 153 (10.8 and 9.0
uM-g™ seeds) (Table 2). Lisek was characterised by the smallest content of indol glucosinolate in seeds (3.9 uM-g”' seeds).

Nitrogen fertilisation had not significant effect on indol and alkenyl glucosinolate but influenced significantly total
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glucosinolate content in seeds. The increase of nitrogen dose from 60 to 220 kg-ha caused glucosinolate content increase
from 12.0 to 13.2 pM-g™. Bilsborrow P. E. et al. (1995) suggest that nitrogen access to biosynthesis of glucosinolates increase
with the growth of nitrogen fertilisation level.

Table 1. Influence of spring nitrogen fertilisation on content and yield of fat and protein (average for 2 years)

Content (%) Yield (dt-ha™)
Factor - -
crude fat total protein crude fat total protein

Lisek 444 a* 18.0a 258a 10.5 ab
§ Mazur 45.0 ab 19.5b 250a 10.9 ab
% Kaszub 46.0 ¢ 19.3b 249a 10.5 ab
O BOH 3103 45.7be 19.3b 242 a 102a
MR 153 45.1 ab 19.5b 253a 11.0b

LSDys 0.78 0.61 ns** 0.73

Q 60 46.0 ¢ 184a 23.7a 95a
R 100 45.7be 18.6a 24.7 ab 10.1 ab
USJD = 140 453 bc 19.0 ab 255b 10.7 be
_g < 180 44.9 ab 19.6 be 25.8b 112¢
Z 220 442a 20.1¢ 254b 11.5¢

LSDys 0,95 091 1.68 1.07

*numbers in columns marked with the same letters did not differ significantly

**ns — no significant difference

Table 2. Influence of spring nitrogen fertilisation and cultivar on glucosinolate content in seeds (average for 2 years)

F Indol glucosinolate content (uM-g” of | Alkenyl glucosinolate content (uM-g” | Total glucosinolate content (uM-g" of
actor
seeds) of seeds) seeds)
Lisek 39a 17c¢ 11.6¢
‘:; Mazur 46b 10.0d 14.6d
= Kaszub 48b 11.7¢ 164¢
3 BOH 3103 4.8b 6.0b 10.8b
MR 153 48b 42a 9.0a
LSDyos 0.38 1.36 1.37
2 60 44 7.6 120a
R 100 4.6 75 12.1ab
5% 140 44 77 12.1ab
g= 180 46 83 13.0ab
“ 220 48 84 1320
LSDy s ns ns 1.12

Explanations below Table 1

Seeds of cultivars investigated in the experiment differed in fatty acid composition in oil (Table 3). Significant differences
referred to the content of stearic, oleic, linolenic, eicosenic acid and PUFA (linoleic and linolenic). Nitrogen fertilisation had
not significant effect on fatty acid composition in oil. Nevertheless small decrease of oleic acid and increase of PUFA was
noticed when higher nitrogen doses (180 and 220 kg-ha™) were applied.

Table 3. Influence of spring nitrogen fertilisation and cultivar on fatty acid composition in winter oilseed rape oil (%)

(average for 2 years)

C 10— palmitic C 1g1 —oleic C 0.1 — eicosenic
C 30— stearic C 13, — linoleic C 5. —erucic
C 133 —linolenic
Fatty acid composition (%)
Factor
C 16:0 C 18:0 C 18:1 C 182 C 183 C 20:1 C 22:1 CIX:IE 5318:2+ C 18:2+ C 183 C IS:Z/C 183
Kaszub 4,69 a 1.74a | 61.36abc | 2040 ab 10.02b 1.54 ab 0.26 a 91.77 a 3042b 2.04b
§ Lisek 470a 1.87b 62.56 d 19.67 a 946 a 1.52 ab 0.26 a 91.68 a 29.12a 2.08 ¢
% Mazur 4.65a 1.73a 60.89ab | 20.39 ab 10.25b 1.72b 0.37a 91.52a 30.63 be 1.99 a
O [BOH3103| 4.7la 1.88b 61.70cd | 2047b 9.68 a 142a 0.14a 91.84a 30.14b 2.11d
MR 153 4.67a 1.73a 60.55a 21.38¢ 9.98 b 148a 022a 9191 a 31.36¢ 2.14¢
LSDyos ns 0.052 0.927 0.753 0.291 0.230 ns ns 0913 0.014
Q 60 473 a 1.79a 61.50 a 20.37 a 9.80 a 1.52a 0.28 a 91.67 a 30.18a 2.08 a
3 —’(; 100 4.69 a 1.80a 61.59a 20.27a 9.86a 1.51a 0.30a 91.72a 30.13a 2.06a
“?o = 140 4.63a 1.77 a 61.70 a 2036 a 9.82a 1.50 a 023 a 91.88a 30.18a 2.07a
.g <) 180 4.69 a 1.80 a 61.20a 20.67 a 9.96 a 1.54a 0.17a 91.83a 30.63 a 2.08 a
< 220 4.69 a 1.81a 61.06 a 20.64 a 993 a 1.61 a 0.28 a 91.63a 30.56 a 2.08 a
LSDys ns ns ns ns ns ns ns ns ns ns

Explanations below Table 1However, Jedrzejak et al. (2005) on the basis of the experiment with spring rape, showed
significant growth of palmitic, stearic, linoleic and linolenic acid and reduction of oleic acid under the influence of nitrogen
fertilisation increase. This dependence likely resulted from nitrogen fertilisation effect on the rate of seed ripening.



60 QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition

Bartkowiak-Broda and Krzymanski (1981) showed that during seed ripening palmitic, stearic, linoleic, linolenic acids
decreased and intensive oleic acid accumulation took place.

Conclusions

The effect of spring nitrogen fertilisation on investigated quality features was similar in all cultivars evaluated in the
experiment. The increase of nitrogen dose from 60 to 220 kg-ha™ caused the decrease of crude fat content from 46.0 to 44.2%
and the increase of total protein from 18.4 to 20.1% and glucosinolate from 12.0 to 13.2 pM-g™.

In investigated cultivars the increase of fat yield was noticed up to the dose of 180 N-ha™, and protein yield to the dose of
220 kg Nha™.

The cultivars differed in crude fat and total protein content and fatty acid composition. Seeds of cultivar Kaszub were
characterised by the highest content of fat and glucosinolate. The smallest content of fat, protein and indol glucosinolate were
noticed in seeds of cultivar Lisek.

Small but significant differences referred to the ratio of linoleic to linolenic acid content, which ranged from 1.99 in
cultivar Mazur to 2.14 in cultivar MR 153.
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Abstract

Mustard millers have long had a strong interest in obtaining uniform seed. They prefer mustard seed to be all the same colour.
Oriental and yellow mustard should be uniformly bright yellow and brown mustard should be dark brown. = Admixtures of colors
are not tolerated. Secondly, to ease milling difficulties the seed should be, as nearly as possible, all the same size and shape (like
ball bearings). Reflective colorimeters can assess seed color and predict which seed sample is the brightest yellow or the darkest
brown but they fall short in assessing how uniform the seed color is among seeds or within individual seeds (mottling). 1000 seed
weight is used to estimate the average seed size of a sample, but it does not provide information on uniformity of seed size. To do
this individual seed weights of many seeds per sample have to be recorded - a tedious and time-consuming task. Visual
observation can provide a rough estimate of seed color, size and shape, but is a subjective measurement. With the advent of digital
cameras and image processing software it is now possible to routinely assess seed uniformity. A Canon EOS Digital Rebel was
utilized to photograph 300 seed samples of seed harvested from several locations and years of the Western Canada co-operative
mustard trial. The photographs were then processed with the public domain program “ImageJ”. The “Analyze Particles...” option
was used to calculate seed size, shape and shade data for each seed of each sample which was used to generate size, shape and
shade uniformity statistics. With this setup up to 200 samples could be photographed and processed each day per technician. It was
found that there were consistent differences in seed uniformity among the different cultivars and lines in each category of mustard,
suggesting that there were genetic differences between lines which could be capitalized on in future breeding efforts.

Key words: Mustard, Brassica juncea, digital image analysis, seed size, seed shape, seed shade, ImagelJ

Introduction

The mustard trade has strict regulations with respect to cleanliness, allowing not more than 0.7% extraneous material and
not more than 2% damaged or shrivelled seed (Hemingway 1995). The seed coat is a significant, variable portion of Brassica
Juncea and Sinapis alba seeds, and its proportion influences the economics of dry-milling where the seed coats are removed,
and wet-milling of B. juncea where the seed coat is left in or a portion screened out. Seed shape and uniformity of size are
important to maximizing seed coat separation/milling (Hemingway 1995, 1997). Also the tendency of seed coats to break into
tiny fragments affects the quality of mustard (Hemingway 1995). Appearance is very important to the mustard, thus oriental
mustard and yellow mustard seed should be a bright yellow with no dark seeds. Brown mustard seed should be dark brown in
colour with no light coloured seeds. As our centre (Saskatoon Research Centre) is the primary breeding institution for
condiment mustard, the Canadian Mustard Association has asked us to develop highly uniform cultivars of oriental, brown
and yellow mustard in terms of seed size, seed shape (as round as possible) and seed colour. For breeding applications
methods of analysis must be accurate and, importantly, rapid and it seemed that digital image analysis could be an ideal
method to approach this problem. A digital camera and the free scientific image processing program, ImageJ (Abramoff et al.
2004, Rasband 1997-2006) are the essential tools to approach this task. Others have used image analysis to assess visual
characteristics. Cober et al. 1997 studied the heritability of seed shape and size in soybeans, Dell’ Aquilla 1997 and Ducournau
et al. 2004 used image analysis to monitor germination of broccoli seeds and sunflowers, respectively, and Tanska et al. 2005
studied surface features and colour of rapeseed. Others have used image analysis for seed classification purposes (Utku et al.
1998, Wrigley 1999, Sako et al. 2001).

Material and Methods

Digital imaging hardware: The imaging hardware consists of a Canon EOS Digital Rebel camera (6 megapixel sensor;
EF-S 18-55mm 1/3,5-5,6 USM lens, ), an IFF Mini-Repro copy stand with 4 lights and a transparency viewer (GEPE 8” x 12”
Slimlight Illuminator). The camera is mounted on the copy stand post 30 cm above the slide viewer mounted on the base. The
camera settings are auto focus, M, ISO 100, optical zoom 35, aperture 16, shutter 1/10, exposure 0 sharp 0, and white balance:
Fluorescent. Images are captured in large/fine JPG format to a database of pictures (Microsoft Access). The camera settings
are not changed throughout and a picture of a ruler is used to scale the seed sample images. Total cost of the equipment was
less than $2000 Canadian.

Seed material and seed sample preparation: The seed material used for this study came from the Western Canada
co-operative mustard trials conducted each year at several locations across the prairies. Seeds are sampled from harvest
envelopes using a 300 seed vacuum seed counting head (Hoffman Manufacturing, Inc., Albany, OR, USA). They are placed
on a 20 x 25 cm glass plate which has been lightly sprayed with Krylon® Easy-Tack™ repositionable spray adhesive by
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placing the seed head upside down and releasing the vacuum. The adhesive is essentially invisible to the camera and holds the
seeds in place. Plastic film is positioned at the top and bottom of the glass plate such that it catches the top and bottom edge of
the seed head and keeps it just slightly off the surface. The plate is positioned on the image viewer and a picture is taken and
stored in the database. The seeds are removed by scraping them into a container using a straight edge and the plate is reused.
The adhesive treatment typically lasts for about 50 — 200 images before it becomes so soiled that it interferes with image
quality. The glue is easily washed off with soapy water and reapplied. In this manner about 100 to 200 seed sample images are
created per day.

Image Processing: The particle analyzing option of the freeware image processing program, ‘“Image]” (Rasband
1997-2006) is used to generate descriptive statistics for individual seeds of the sample and of the entire population. A small
plugin (a modification of the Batch Converter plugin, Rasband 1997-2006) was created to allow automatic processing of
images in a folder with generation of particle/seed statistics for each image. The images are converted to 8-bit greyscale, a
threshold of 0-180 is applied and several statistics are generated for each seed in the image including area, mean grey value,
standard deviation of grey value, perimeter, major and minor axis, circularity, Feret’s diameter, etc. The batch program
processes about 100 pictures in 5 minutes. This data is stored in the database where it can be manipulated as desired.

Results

A typical image of 300 seeds is shown in Fig. la. As the image size is 3072 x 2048 pixels each seed is represented by
greater than 500 pixels. Different shapes, sizes and colours of seed can be readily seen. Also it is evident that some seed are
broken and some are germinated. All seeds are cleanly separated which aids the software in discrimination. A comparison of
Fig. la and 1c with their threshold counterparts (Fig. 1b and 1d) reveals that the threshold (red) closely follows the outlines of

the individual seeds and completely covers the seed, so accurate estimates of seed size, shape and shade can be obtained.
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Fig.1 Image of 300 seeds of brown mustard, a line with poor seed quality (a: original picture; b: image top half, 8-bit greyscale conversion and
threshold applied; c: a single seed; d: same seed, threshold applied).

Values for area, diameter and greyness generated for each seed can be averaged and compared to traditional methods
estimating seed mass (1000 seed weight) and colour (whiteness index generated by a Hunterlab Miniscan colorimeter). Fig. 2a
compares image analysis average area data with 1000 seed weight. A strong correlation was found (R* = 0.966). Fig. 2b
demonstrates that diameter also correlates strongly with 1000 seed weight (R* = 0.962), as expected. Fig. 2c shows that
average mean grey value can be used to estimate seed brightness, the same as the whiteness index.

Table 1 compares three oriental mustard entries in the 2005 cooperative mustard trial for seed characteristics that can be
determined by digital image analysis. There is a consistent difference across locations in average seed area between Forge (a
small seeded cultivar), AC Vulcan and J01-1429 (a line selected for increased seed mass). The standard deviation of area
(uniformity of seed size) is also consistently higher in J01-1429 than Forge and AC Vulcan. In circularity (a measure of
roundness) and in standard deviation of circularity Forge is consistently the closest to a round shape and has the least variation
of shape (both desirable traits, Hemingway 1995, 1997). In mean grey value AC Vulcan is better than Forge and J01-1429.
But there is no clear winner for uniformity of shade (standard deviation of mean grey value).
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Fig. 2. 2005 Cooperative mustard trial, correlation of ImageJ values with standard methods of estimating seed mass and colour (a: ImageJ
average area versus 1000 seed weight, b: ImagelJ average diameter versus 1000 seed weight, c: ImageJ average grey value versus whiteness
index).
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Table 1: Seed uniformity comparisons of three oriental mustard entries in 2005 cooperative mustard trial

Entry Location*
Cl1 E2 10 R1 S1 S6 Wi Avg
Area (mm?)
Forge 1.90 2.08 2.12 2.05 2.15 1.82 2.10 2.04
AC Vulcan 2.07 2.33 227 2.31 2.38 2.01 2.28 224
J01-1429 2.71 2.86 2.71 2.80 3.00 2.56 2.85 2.79
SD Area (mn’)
Forge 0.30 0.38 0.38 0.35 0.35 0.34 0.37 0.35
AC Vulcan 0.28 0.37 0.34 041 0.35 033 0.34 0.35
J01-1429 0.51 0.50 042 0.52 0.54 0.45 048 0.49
Rel. SD Area (%)
Forge 15.8 18.5 17.7 16.8 16.1 185 17.6 17.3
AC Vulcan 13.8 15.8 15.1 17.8 14.5 164 14.8 154
J01-1429 18.7 174 15.6 184 18.0 17.7 17.0 17.6
Circularity
Forge 0.908 0.893 0.896 0.903 0.901 0.903 0.895 0.900
AC Vulcan 0.902 0.888 0.889 0.878 0.895 0.895 0.887 0.890
J01-1429 0.895 0.883 0.891 0.890 0.890 0.894 0.885 0.890
SD Circularity
Forge 0.015 0.036 0.024 0.028 0.024 0.020 0.034 0.026
AC Vulcan 0.025 0.035 0.025 0.064 0.022 0.018 0.038 0.033
J01-1429 0.034 0.041 0.024 0.038 0.035 0.022 0.034 0.033
Mean Grey Value
Forge 122.8 121.0 1153 116.7 1169 123.6 120.5 119.4
AC Vulcan 129.5 127.0 121.6 122.0 1232 130.0 128.1 125.8
J01-1429 122.6 1192 1155 115.0 116.5 1213 1214 118.5
SD Mean Grey
Forge 72 73 123 9.0 84 5.8 9.3 8.6
AC Vulcan 8.1 7.0 124 10.9 9.5 5.6 74 8.8
J01-1429 8.2 8.2 124 11.1 94 6.1 7.7 9.2

* Locations: (C1 — Congress AB, E2 — Eyebrow SK, 10 — Irricana AB, R1 — Rosebank MB, S1 — Saskatoon SK, S6 —Swift Current SK, W1 Weybum SK), Avg
— average of all locations, Area — average area, Circularity — (A measure of roundness, 4*pi*area/perimeter?, 1 is a circle, 0 is a line), Mean Grey Value —
average greyness (a higher number is brighter), SD — standard deviation.

Discussion

The data for only three lines of oriental mustard in 2005 is shown. But co-operative mustard image data from 2002, 2003
and 2004 is available as well. The observations described here are consistent with the observations made in previous years.
Forge is consistently the smallest, but is the roundest and the most uniform in terms of size and shape. AC Vulcan has
consistently larger seed than Forge and is a brighter seed, but is not quite as round. Similar observations of differences in seed
size, shape, colour and uniformity have been observed amongst cultivars of brown mustard and yellow mustard as well.

This method is also used to conduct selections within breeding populations of mustard and is useful for quantifying the
susceptibility of certain lines to seed damage and early germination. These events drastically alter the shape of the seed and
thus manifest themselves as a reduction in the circularity value. These events also drastically affect the color or mean gray
value, as an emerging radical or the visible meat of a seed is significantly brighter than the brightest intact oriental mustard
seed.

Conclusions

Digital image analysis is a useful tool for rapid screening of a large number of samples for seed size, shape and shade
parameters including estimates of the uniformity of these seed characteristics. Small differences are detectable. The “ImageJ”’
software program is cost-effective (free), powerful and easily adaptable and is recommended for anyone on a budget. Different
cultivars of mustard differ in their seed size, seed shape (some lines are more round or circular) and colour, but by this image
analysis method it can be seen that different lines of mustard also differ with respect to uniformity of seed size and shape. The
equipment and software needed to conduct digital image analysis is relatively inexpensive and many seed samples can be
processed in a single day, up to 200.
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Abstract

Indian mustard (Brassica juncea L.Czem. & Coss.) have been established as a potential phytoremediator for heavy metals. It
may be due to its inherent metal tolerance genes, which is not yet been identified. Heavy metal contamination of soils is increasing
nowadays. Cadmium (Cd) and nickel (Ni) are some of the examples for heavy metals found in the soil. The ability of Indian
mustard genotypes to accumulate Cd and Ni was assessed under controlled conditions. The soils were artificially contaminated by
3 and SmM metal concentrations of both cadmium acetate and nickel sulphate with respect to control. Shoot length, root length,
fresh weight and dry weight of genotypes were analyzed at 60, 90 and 105 days after germination. Heavy metal accumulation
(Both roots and shoots) and yield attributes at the time of harvesting were also analyzed. Our results showed significant difference
in the case of root length, shoot length, fresh weight and dry weight between Cd and Ni treatments. Exogenous supply of 3mM Cd
and Ni caused less reduction in root and shoot length in most of the genotypes whereas at higher doses (SmM) caused more
reduction. At a stress dose of SmM, the nickel accumulation in the shoots and roots was on average of 16.1, 0.75ugm/gm dry
weight respectively. For the same stress dose, cadmium accumulation in shoots and roots was an average of 31.40pgm/gm and
12.71pgm/gm dry weight respectively. In both the cases shoots accumulated more amount of heavy metals compared to roots. It is,
therefore, Brassica juncea offers better accumulation potential for Cd compared to Ni.

Key words: Indian mustard, phytoextraction, nickel, cadmium

Introduction

Metals are intrinsic components of earth’s crust. Heavy metals are the stable metals or metalloids whose density is greater
than 5g/cm °, namely lead (Pb), copper (Cu), nickel (Ni), cadmium (Cd) and mercury (Hg). The heavy metal contamination
has increased in urban vicinities due to rapid industrialization and ill environmental management (Wagner, 1993). The
presence of heavy metals in agricultural ecosystem has raised concern not only for crop quality but also for human health.
There is an increasing concern about the accumulation of Cd and Ni in food chains. Commonly used methods dealing with
heavy metal pollution are either the extremely costly process of excavation and burial or simply isolation of the contaminated
sites. But in recent years, researchers have observed fast growing, biomass accumulating plants including agronomic crops for
the ability to tolerate and accumulate metals in their roots and shoots as a detoxification mechanism (Mkansdawire et al., 2004;
Chaney et al., 2005; Chang et al., 2005; Fayiga and Ma, 2006). Brassica juncea is a high biomass crop, which has a potential
for bioremediation of heavy metals like Cd (Singh et al., 2001; Quadir et al., 2004) and Ni (Panwar et al., 2002; Kerked and
Kramer, 2003). Recently transgenic Indian mustard over expressing gamma glutamine cysteine synthetase (Schafer et al.,
1998; Zhu et al., 1999) have been reported as potential hyperacculator and can be used as a viable cost effective alternative to
clean up metal contaminated soils. In this study the ability of Indian mustard (Brassica juncea) to uptake Cd and Ni was
assessed under controlled conditions.

Materials and methods

Ten different varieties of Indian mustard (B-350, CSR-94, CSR-931, DWDR-486, EC-223389, 1C-94280, NDR-873,
PR-45, RWPC-10 and RW-27) were received from IARI, Pusa, New Delhi. These experiments were conducted at the
controlled conditions. Initially about 25 seeds were planted in each pot of 12 height with 8 bottom. Each pot contained
about 10 kg of soil and supplied initially with basal dose of N, P, K and S and second dose of N and S after 45-day of sowing.
These pots were watered with 3.0 and 5.0mM Cd*" salt and Ni ** salt dissolved in half strength Hoagland solution, first as
basal dose, and second after 7 days of sowing i.c., just after emergence of the seedlings from the pots. 100ml of half strength
Hoagland solutions was used to irrigate all the pots after 30 days of sowing and thereafter on every 15 days interval to
maintain the soil nutrient mineral ratios in pots. Thinning of all the pots was done after 15 days of sowing and 10 plants in
each pot were retained. Growth of the plants was measured after 60, 90,105 days of sowing. The fresh and dry weight were
recorded at 60 and 125 days after seedling emergence. At the maturity of crop the yield attributes of the genotypes were
determined in terms of number of pods per plant, number of seeds per pod, weight of 1000 seeds and total yield per plant. The
metal accumulation in different plant parts was also determined on atomic absorption spectrophotometer after digestion in a
mixture of nitric-perchloric acid and expressed on the dry matter basis. Data was analyzed statistically using ANOVA.

Results
Exogenous supply of 3mM Cd and Ni caused less reduction in root and shoot length where as SmM stress caused more
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inhibition in growth that is evident from the Figure 1. Decrease noticed in root length was in the range of 19.5 % for 5SmM Cd
and 38.47% at 5SmM Ni for 105 days after exposure. Shoot length was inhibited by 10.67% and 28.39% compared to the
control when analyzed after 105 days of exposure to SmM stress doses of Cd and Ni respectively. Figure 2 shows the effect on
fresh and dry weights of the Brassica juncea genotypes after 60 and 125 days after exposure of heavy metals. In comparison
to control, all the genotypes exhibited sensitivity to Ni and showed highly significant (p < 0.05) reduction in fresh weight and
dry weight in the late growth periods. Fresh weight and dry weight of the genotypes reduced by 54.64% and 46.12%
respectively after 125 days of Ni stress dose. The heavy metal Cd at the lower concentrations increased the fresh weight
(13.11%) and dry weight (18.85%) compared to the fresh and dry weight of the control when analyzed after 125 days of
exposure. An increasing Cd supply markedly reduced the fresh and dry weight of genotypes 125 old B juncea genotypes
supplemented with SmM Cd are capable of accumulating 12.71ugm/gm of their roots and between 31.40ugm/gm of their
shoots on a dry weight basis. Metal accumulated under a stress of SmM Ni was 0.75 pgm/gm in roots and 16.11ugm/gm in
shoots respectively. All Brassica genotypes showed much higher Cd accumulation in both roots and shoots at both
concentrations compared to Ni accumulation under similar conditions which is evident from the data (Table 1). The results
indicate that Brassica juncea differ significantly in Ni and Cd shoot root ratio and showed higher phytoextraction potential for
Ni compared to Cd. At the completion of crop growth we analyzed yield attributes of the genotypes in terms of number of
pods per plant, number of seeds per pod, weight of 1000 seeds, yield per plant (Table 2).
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Fig. 1. The effect of Cd and Ni on root length and shoot length of B juncea at different stress doses (3 &5mM) and at different days after
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Table 1. Heavy metal accumulation and shoot / root ratio (S/R ratio) in Indian mustard genotypes grown in pots for 125 days with 3
and SmM stress doses of cadmium acetate and nickel sulphate.

Roots (ng/g) dry weight Shoots (ng/g) dry weight S/R ratio
3mM Cd 593 (0.2912) 2420 (0.9163) 4.06
5mM Cd 12.71(0.2762) 3140 (0.6856) 247
3mM Ni 027  (0.0267) 9.32 (0.3021) 35.86
5SmM Ni 8.8 (0.0240) 16.11 (0.3196) 21.46

Mean of five replicates: in brackets: standard error (p < 0.05)

Table: 2 Yield Attributes of B.juncea genotypes after heavy metal exposure

Control Cadmium Nickel
No of pods per plant * 72.88 (4.700) 68.53  (2.017) 59.77  (0.7412)
No of seeds per pod ° 6.77 (0.3239) 5.88 0.9279) 7.11 (0.3093)
Weight of 1000 seeds ° 3.67 (0.0837) 3.28 (0.0394) 2.57 (0.0570)
Yield per plant ¢ 1.77 (0.1169) 1.28 (0.0768) 1.08 (0.0579)

 Mean of 10 plant replicates °Mean of 1000 pods “Mean of 5 replicates ~ “Mean of 10 plants
: in brackets standard error (p < 0.05)

Discussion

Heavy metal addition significantly reduced the root length and shoot length of Brassica juncea genotypes. A decrease in
root and shoot length was observed in rice plants when grown for ten days in a medium containing these heavy metals (Rubio
et al,, 1994). Ozturk et al., (2003) found similar affects using Cd in wheat cultivars. Recently Su et al., (2004) showed that Cd
stress significantly reduced the root volume and length of oil seed rape and Indian mustard. It was found that heavy metals
affect root growth more severely than shoot growth. The results of previous studies showed that Cd affects root growth more
severely than shoot growth (Vaselov et al., 2003). Significant difference was found between the Cd and Ni exposure for the
fresh and dry weight parameters. The Cd exposure significantly reduced the dry and fresh weight of roots and shoots of
B.campestris (Zhu et al., 2004). The heavy metal concentration in the roots and shoots increased with increased heavy metal
concentration in the soil and the relationship between two concentrations are similar to all genotypes. The accumulation of
heavy metals like Cd (Singh and Brar, 2002) and Ni (Panwar et al., 2002) by Brassica juncea increased with increasing their
levels in the soil. Wang and Su (2005) reported that the amount of Cd uptake increased with the increase of growth period of
Indian mustard. Accumulation of Ni was found to be more in shoots than in roots. Plants that hyperaccumulate Ni exihibit an
exceptional degree of Ni tolerance and the ability to translocate Ni in large amounts from root to shoot (Ingle et al., 2005; Dan
et al, 2002). Increase in concentration of Ni (3mM to 5SmM) did not change appreciably its content in roots but shoot
accumulation showed considerable increase at higher dose of Ni in soil. All the genotypes accumulated Cd and Ni in their
shoots more than their roots. Plants can extract Cd from the soil and transport it via the xylem in to shoots and leaves where it
can accumulate (Blaylock et al., 2000). The ability of plants to accumulate metal in the shoots is important because the shoots
represent the harvestable biomass. The higher relative shoot accumulation will result in a higher S/R ratio. The species able to
accumulate relatively high metal concentration in above ground tissues would be the good candidate for phytoextraction
(Dang et al., 2004). Plant potential for Cd extraction generally depends on shoot Cd concentration (Vassilev, 2002). Therefore,
B. juncea genotypes exhibiting highest S/R ratio are the best candidates for phytoextraction. The genotypes respond in a
direction of accumulating a good amount of heavy metal from the sink and the interesting among these genotypes is that
accumulation of metal does not affect much growth and yield. However, number of pods per plant reduced in heavy metal
exposure but the Ni metal has got positive effects in number of seeds per pod. Thus our study indicates that this heavy metal
has positive effects on the growth of mustard genotypes even at moderately higher concentrations

Conclusions

The results presented show the ability of Brassica juncea genotypes for Cd and Ni uptake, accumulation and tolerance.
Our results showed that there is significant difference in root length, shoot length, fresh weight and dry weight between Cd and
Ni treatments. Brassica juncea offers better accumulation potential for Cd compared to Ni.
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Abstract

A bilateral comparison study on evaluation and determination of rapeseed seed quality was carried out from 1999 to 2004
between China and Japan. The results showed that erucic acid, glucosinolates, oil, protein and chlorophyll content measured by
Quality and Safety Inspection and Test Center for Oilseeds Products (QSITCOP), Agricultural Ministry of China, according to
national standards of China and ISO standards were very close to the ones by Japan Oil stuff Inspectors’ Corporation (NYKK)
according to national standards of Japan and AOCS standards. The absolute differences between the results obtained by
QSITCOP and NYKK were less than 0.41% for erucic acid, 5.82umol/g for glucosinolates, 2.17% for oil content, 0.47% for
protein content and 0.27% for chlorophyll content, respectively. Good reproducibility for erucic acid, glucosinolates, oil, protein
and chlorophyll content determination with identical test material indicated that the analytical techniques and results of erucic acid,
glucosinolates, oil, protein and chlorophyll content in rapeseed seeds measured by QSITCOP were internationally accepted. A
platform was established for bilateral and multilateral authentication on analytical techniques of rapeseed seed quality. It is
important not only to the improvement of rapeseed quality and analytical techniques, but also beneficial to international rapeseed
trade.

Key words: Rapeseed; Quality; Bilateral Determination; Evaluation

Regards to the total output and production area of rapeseed, China where the consumption of rapeseed oil accounts for
35% of the total vegetable oil has been on the leading position in the world. Facing to the international competitive market and
the impact from the entrance to WTO, establishment of the quality test methods and standards is very important not only to the
improvement of rapeseed quality, but also to the international rapeseed export and import trade. Japanese people are very favor
of rapeseed oil, and Japan where there is very little rapeseed production is a rapeseed importing country with very strict
detecting technique and agro-product standard system. To improve analytical technique of rapeseed seed quality and establish
the quality standards, a bilateral comparison study on evaluation and determination of erucic acid, glucosinolates, oil, protein
and chlorophyll content in rapeseed seed was carried out from 1998 to 2004 between QSITCOP and NYKK supported by the
Japan International Cooperation Agency (JICA).

1. Materials and method

1.1 Materials

Rapeseed produced in Hubei Province of China were selected as materials for comparison analysis.

In 1999-2000, erucic acid and glucosinolates contents in double low rapeseed varieties of  zhongshuang 4, huashuang 2
and Qingyoul4 collected by JICA program office, were analyzed by Quality Inspection and Test Center for Oilseeds Products,
Agricultural Ministry of China with national standards of China and Japan Oil stuff Inspectors’ Corporation with standards of
JOCS.

In 2001, 2003 and 2004, samples from Shayang, Wuxue, angyang, Xiangyan and Qianjang where were the JICA
observation bases in Hubei, China were used. Each sample was divided into 3 parts, and delivered to QSITCOP, NYKK and
the JICA Project Office in Wuhan. Erucic acid, glucosinolates and oil content in 2001, glucosinolates, oil and protein content
in 2003, erucic acid, glucosinolates, oil, protein and chlorophyll content in 2004 were analyzed and compared.

1.2 Method and apparatus

1.2.1 Erucic acid content analysis in rapeseed seed :national standards of China GB/T 17377—1998 and HP 58901IGC
were used by the QSITCOP in China. Basic method of 2.4.2-1996 edited by Japan oil chemists society and Hitachi 263—70
GC were adopted by NYKK in Japan.

1.2.2 Glucosinolates content analysis in rapeseed seed:ISO 9167-1 1992(E) and waters 5510/717/996 HPLC were used
by the QSITCOP. AOCS Official Method AK1-92 and HP 1100 HPLC were applied by NYKK.

1.2.3 Oil content analysis in rapeseed seed:national standards of China GB/T 14488.1—1993 was used by the
QSITCOP. Basic method for oil and fat 1.5-1996 was used by NYKK.
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1.2.4 Protein content analysis in rapeseed seed:national standards of China GB/T 14489.2—1993 was used by
QSITCOP. Basic method for oil and fat 1.7.2-1996 from JOCS was adopted by NYKK.

1.2.5 Chlorophyll content analysis in rapeseed seed:ISO10519:1997(E) was used by QSITCOP. Basic method for oil and
fat 1.14-1996 from JOCS was applied by NYKK.

2. Results

2.1 Erucic acid content

The erucic acid content analysis was carried out in both laboratories with different instruments and methods. The results
showed that absolute differences were from 0.00% to 0.41%,which was lower than the limit value of 3% within the acceptable
standard errors (see table 1). It was indicated that erucic acid content measured by the QSITCOP in China according to
national standard of China were very close to the ones by the NYKK in Japan according to national standard of Japan.

Tablel Erucic acid in rapeseed seed measured by QSITCOP and NYKK in China and Japan (%)

Year Lab Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
QSITCOP 6.42 0.85 0.06
1999 NYKK 6.50 0.60 0.10
Absolute differences 0.08 0.25 0.04
QSITCOP 2.02 2.36 0.28 0.30
2001 NYKK 1.81 2.46 0.17 0.17
Absolute differences 021 0.10 0.11 0.13
QSITCOP 0.98 13.39 0.12 0.52 340
2004 NYKK 0.80 13.80 0.10 040 340
Absolute differences 0.18 041 0.02 0.12 0.00

*In 1999, Sample was Zhongshuang No.4,Sample 2 was Huashuang No.2, Sample 3 was Qingyou No.14. In 2001 and 2004, Sample 1 from Shayang, Sample 2
from Wuxue, Sample 3 from Dangyang, Sample 4 from Xiangyan, Sample 5 from Qianjang

2.2 Glucosinolates content

The results of glucosinolates content in both laboratory with different instruments and methods based on 8.5% of water
were shown in table 2. The absolute difference was 8.85umol/g between the QSITCOP and NYKK, which implied there was
a distinct difference because of different instruments, technicians and methods.

Since 2001, a Sino-Japan bilateral comparison study on evaluation and determination of rapeseed quality was supported
by the JICA. The operation condition and instrument parameter were taken into account. The results showed that absolute
differences were from 0.29pumol/g seed to 5.82pmol/g, which was lower than the limit of ~ 8pmol/g, which was the acceptable
standard errors (as shown in table 2). It was concluded that results of glucosinolates content measured by the QSITCOP in
China according to ISO standard were very close to the ones by the NYKK in Japan according to AOCS standard.

Table 2 Glucosinolates content in rapeseed seed measured by QSITCOP in China and NYKK in Japan (umol/g)

Year Lab Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
QSITCOP 31.15 2227 24.67
1998 NYKK 40.00 27.00 23.00
Absolute differences 8.85 473 1.67
QSITCOP 24.05 20.09 11.59 12.11
2001 NYKK 22.00 19.80 9.57 10.85
Absolute differences 2.05 0.29 1.84 1.26
QSITCOP 18.38 68.98 8.24
2003 NYKK 19.50 74.80 6.90
Absolute differences 1.12 5.82 1.34
QSITCOP 2493 4243 15.05 16.25 28.31
2004 NYKK 21.70 294 18.1 19.2 23.8
Absolute differences 3.16 3.03 3.05 3.05 4.51

*In 1998, Sample 1 was Zhongshuang No.4, Sample 2 was Huashuang No.2, Sample 3 was Qingyou No.14.In 2001,2003 and 2004,Sample 1 from Shayang,
Sample 2 from Wuxue, Sample 3 from Dangyang, Sample 4 from Xiangyan,Sample 5 from Qianjang

Table 3 Oil content in rapeseed measured by QSITCOP and NYKK in China and Japan (%)

Year Lab Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
QSITCOP 40.62 36.26 34.24 32.87
2001 NYKK 41.99 37.86 35.17 35.04
Absolute differences 1.37 1.60 0.93 217
QSITCOP 34.05 35.58 33.52
2003 NYKK 35.97 37.46 35.13
Absolute differences 1.92 1.88 1.61
QSITCOP 33.82 37.18 35.94 33.70 36.32
2004 NYKK 35.73 39.05 37.52 35.63 38.05
Absolute differences 191 1.87 1.58 1.93 1.73

*In 2001,2003 and 2004,Sample 1 from Shayang, Sample 2 from Wuxue, Sample 3 from Dangyang, Sample 4 from Xiangyan,Sample 5 from Qianjang
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2.3 Oil content

Oil content were measured by QSITCOP in China and NYKK in Japan in 2001,2003 and 2004 with the same rapeseed
seed samples. The oil content in rapeseed seed was based on 8.5% of water (see table 3). The results showed that absolute
differences were from 0.93% to 2.17%, which was higher than the maximal limit of 0.8%. It was found the reasons for the oil
content differences between QSITCOP in China and NYKK in Japan, were from different grinding methods, extracting time
and methods.

2.4 Protein content

In 2003 and 2004 the protein content in rapeseed seed was measured in both laboratories based on 8.5% of water (see
table 4). The results showed that absolute differences was from 0.02% to 0.47%, which was lower than the maximal limit
value 1% of the acceptable standard errors of the methods.

Table4 Protein content in rapeseed seed measured by QSITCOP and NYKK in China and Japan (%)

Year Lab Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
QSITCOP 2247 23.04 2543
2003 NYKK 22.00 22.81 25.00
Absolute differences 0.47 0.23 0.43
QSITCOP 23.54 21.56 23.35 22.83 24.34
2004 NYKK 24.00 21.81 2381 2281 2481
Absolute differences 0.46 0.25 0.46 0.02 0.37

* Sample 1 from Shayang, Sample 2 from Wuxue, Sample 3 from Dangyang, Sample 4 from Xiangyan,Sample 5 from Qianjang

2.5 Chlorophyll content

Chlorophyll contents form the same rapeseed samples were measured by QSITCOP and NYKK in 2004. The
chlorophyll content in rapeseed was calculated on the base of water 8.5% (see table 5). The results showed that absolute
differences was from 0.05% to 0.276%, which was within the acceptable standard errors of the methods.

Table5 Chlorophyll content in rapeseed seed measured by QSITCOP and NYKK in China and Japan in 2004 (%)

Lab Shayang Wuxue Dangyang Xiangyan Qianjang
QSITCOP 3.05 0.86 4.10 3.14 2.87
NYKK 3.10 0.80 3.90 340 2.60
Absolute differences 0.05 0.06 0.20 0.26 0.27

3 Discussion

More than two million tons of rapeseed seed were imported from Canada and China by Japan every year. There are very
strict detecting technique standard and agro-product quality standard for the quality and safety control of rapeseed. Sino-Japan
bilateral comparison study on evaluation and determination of rapeseed quality showed that the results of erucic acid,
glucosinolates, oil, protein and chlorophyll content measured by the QSITCOP according to national standards of China and
ISO standards were very close to the ones by Japan the NYKK according to national standards of Japan and AOCS standards
although the different methods, condition and apparatus operated with different technicians. Good reproducibility of the results
for erucic acid, glucosinolates, protein and chlorophyll content with identical test material in both laboratories indicated that
the analytical techniques and results of erucic acid, glucosinolates, protein and chlorophyll content in rapeseed measured by
the QSITCOP were internationally accepted. A platform was established for bilateral and multilateral authentication on
analytical techniques of rapeseed seed quality.

Oil content measured by QSITCOP was lower than that from NYKK. The possible reasons for the differences may be
the less grinding times without application of quartz during the grinding. It was put forward that the standard for oil content in
rapeseed seed should be revised.
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Abstract

The glycoprotein and the components of amino acids in the stigmas of self-compatible and self-incompatible lines of Yunjie
were extracted using hexane and ninhydrin and separated by SDS-PAGE. A protein band with MW of 50~55KDa was specific
for self-compatible lines, but absent in the self-incompatible lines.[0] Seventeen types of amino acids (Gly, Met, Asp, Cys, Tyr,
Lys, Thr, Val, Ser, Pro, Ile, Leu, Phe, Glu, Arg, Ala and His) were identified in the stigmas of Yunjie. The amount of amino acids
in self-incompatible lines was higher than that in self-compatible lines in bud stage stigma, but in mature stigma, that was opposite.
In self-compatible lines, Arg was 0.4758 mg and 2.7071 mg in both bud and mature stigma, respectively, which was comprised of
about 54.1% and 25.8% of the total acids. In self-incompatible lines, Arg amount in both bud and mature stigma was 4.0733 mg
and 0.1925 mg, respectively, and comprised of 60.8% and 17.5% of total acids. The amount of amino acid in bud stage stigma in
self-incompatible lines was higher than that in self-compatible lines, but the amount of self-compatible was higher than
self-incompatible lines in mature stigma, which suggested that the content of Arg might be related to self-compatible.

Key words: Yunlie, glycoprotein, amino acid, self-incompatible

Introduction

Self-incompatibility formed in the evolution of plant (Goring1992; Nishio, 1992). It is a physiological reflection which
aroused by reciprocity between farina and rumples cell of chapter. Self-incompatibility accelerates genetic habitability species
and has important effects on polarization of species, especially on forepart evolution of angiosperm. It has been one of the
hottest research areas in plant reproductive biology (Xue, 2002) for its importance in crop heterosis utilization.

Amino acids connect life activity and has special physiological function. It is one of the indispensable nourishment
components in plants’ body and is important in accelerating on plants growth (Schopfer, 2000). It is studied that
self-compatible is connect closely with amino acid in chapter. The difference of kind and amount of amino acid can affect on
protein synthesis, which will affect on all kinds of functions in cell (Wang, 2000) This paper studied the protein and amino
acid of chapter of self-incompatible ESI1 and its self-compatible mutation ESCI.

Material and methods

This research chosen the chapter of Yunjie self-compatible (SC)and self-incompatible lines(SI) in former a blossom 2-3
days and after blossom1-2 days, The fresh material of chapter was conserved in refrigerator with -70°C for use. The chemistry
reagents in this experimentation were as following: acryl amide, sodium laurel sulfate, glycogen, glycerol, phosphoric acid,
Tris, acetone, acetic acid atrium et all. The apparatus in the experiment included amino acid automatism instrument, high
speed refrigerated centrifuge, oven, electrophoresis chamber and so on.

0.2g material was quantified respectively and was placed in 2ml Eppendorf tube. and Iml extracting
solution(0.5MTris-HCI buffer, and pH=6.8) was added to the tube followed by distilling for 1h in ice bath and then centrifuge
for10 minutes at 10000 rpm and 4°C. The supernatant fluid was transferred to another Eppendorf tube, -20°C chilled
10%TCA trichloroacetic acid was added according to  1:2.5( v/ v ) and the tube was shaken evenly at -20°C and then placed
at -20°C for 2h for sedimentation protein followed by centrifuge for 15 min at 12000 rpm and 4°C. Then the supernatant luid
was get rid of and the deposition was washed for 2-3 times with hypothermal acetone. The washed deposition was placed for
20 minutes to volatilize fully of acetone at-20°C. After that added protein lytic solution 200ul (62.5mmol/L.  Tris-HCl; 2%
sodium laurel sulfate; 10% glycerol; 5%f-sulthedryl alcohol), and then boiled it for 2-3 minutes followed by SDS-PAGE
electrophoresis to separate protein ( Ji,1991).

Yunjie’s fresh chapter of bud and maturation stage of SI and SC were chosen respectively. The material was placed into
oven to dry and then grinded to powder. 100mg sample powder was measured precisely and put into 20ml test tube. Then
added 3mol/L HCL to form 5ml solution, The tube was vacuum zed and sealed followed by being put in 110°C phosphoric
acid bath for 24h and filtrated, The filtrate was transferred to capacitance bottle to suitable cubage (25ml), and then 1 ml was
precisely extracted. Make it to be dry at 60°C by decompression, then 2ml ddH20 was added and braised to dry for two times.
Finally, the residue was dissolved with 2 ml ddH20, and the supernatant fluid was took to measure amino acid on the auto
analyzer of amino acid (chromatogram condition: runoff: 0.22ml/min; the temperature of stove: 30°C; adopting the
methods of grads washing and drafting ) Measuration(Ai, 2005)
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Results

1.Measurement sugar protein of chapiter in bud stage in SC and SI lines

The proteins of Yunjie in bud stage in self-compatible and self-incompatible lines were analyzed by the SDS-PAGE
electrophoresis (Fig.1). There was a special band (about S0KD) in self-compatible (1,2 lines) between 66 KD and 45 KD on
the gel electrophoresis map; but this band was absent in self-incompatible (3,4 lines). The electrophoresis band of
self-compatible was stronger apparently than self-incompatible lines at about 18.0 KD. The electrophoresis bands of protein in
bud stage chapter of self-compatible and self-incompatible lines were also analyzed statistically. The results showed that the
self-compatible had 17 clearer strips. However, the self-incompatible had 16 strips. As analyzed above, a principium estimate
that the difference strips of SC lines are connected with self- compatibility can be drawn.

2.The protein expression of autumn chapter in SC and SI lines

The results of the protein of Yunjie’s autumn chapter in self-compatible and self-incompatible by the SDS-PAGE gel
electrophoresis were shown in Fig.2. The results showed that the self-compatible had 19 clearer strips. However, the
self-incompatible had 18 strips. The self-compatible lines were obviously brighter than self-incompatible lines at about 66 KD.
A special strip (1, 2 lines) at about 50.5 KD was found in the self-compatible lines’ strips. Comparing the gel electrophoresis
maps of chapter in bud stage and autumn, the self-compatible lines had a strong different strip at about 66KD, but there is no
change at about 50.0 KD. The expression quantity of every protein strip was different.

3. Amino acid of bud chapter and autumn of Yunjie SC

The content of amino acid of bud chipper and autumn were measured with amino acid automatism analysis. 17 amino
acids in bud and autumn of Yunjie SC were found, including Gly, Met, Asp, Cys, Tyr, Lys, Thr, Val, Ser, Pro, Ile,
Leu, Phe, Glu, Arg, Alaand His ( table.1). The contents of Arg were the highest in both bud phase and autumn and arrived
t0 0.47580 and 2.70714 respectively. Among all these amino acids, the contents of Arg, Ala, Thr, Gly, Val, Pro, Leu, Met, His,
Glu, Cys took on the trend of ascending from bud phase to autumn. Among them, Arg, Ala, Gly, Val, Leu, Met, His, Glu
and Cys extended to significant difference level. The contents of Lys, Ser, Ile, Phe, Asp and Tyr took on the trend of
descending. Among them, Lys, Ile, Phe, Asp and Tyr extended to significant difference level. The results indicated that the
contents of most of amino acid in Yunjie SC took on the trend of going up from bud phase to autumn phase, and four kinds of
amino acid were distinguished for their most increasing in content: Arg, Ala, Val, Cys, reaching 468.97%, 336.2%, 4014.27%
and 104.27% respectively.

4. Amino acid of bud chapter and autumn of Yunjie SI

17 kinds of amino acids in the chapter of bud phase and autumn of Yunjie in SI lines were measured. Comparing all
amino acids, it could be found that the content of Arg was the highest in bus phases (table.1), reached to 4.0733 and accounted
for 60.8% of the whole amino acids. The content of Arg in autumn phase was 0.19252 and accounted for 17.5% of the whole
amino acids. From the Fig.4.it could also be seen that the contents of some amino acids in bud phase, such as Arg, Lys, Ala,
Gly, Val, Ser, Pro, Ile, His, Phe, Asp, Tyr ect, were far higher than that of autumn phase. Only the contents of Thr, Glu and Cys
in autumn were higher than that of

bud phase. On the whole, the content of amino acid in chapter of SI takes on the descend trend.

M 1 2 3 4 M

: E.ai
_66KD
45KD &
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143KD S

N

Fig.1 SDS-PAGE electrophoresis graphs of protein in bud stage Fig.2 SDS-PAGE electrophoresis graphs of protein in mature stigma
stigma of self-compatible line and self- incompatible line in Yunjie of self-compatible line and self-incompatible line in Yunjie. Lines
Lines1,2 is self-compatible; ~ Lines3,4 is self- incompatible 1,2 is self-compatibleLines 3,4 is self-incompatible

Discussion
The differences between SC lines and SI lines were obvious at about 50.5KD, 18.0KD and 66.0KD. The differences at
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50.5 KD accorded with the former research conclusion: the main component of Brassica chapter rumbles cell is 45-55KD
alkalescency sugar protein ( chapter sugar protein is connected with SC property ); Yunjie SC lines bud chapter map was
different from SI lines; and expression quantity of protein was also different. In Yunjie SI lines, there was no difference in the
map of bud phase and autumn. Based on the above analysis, the maps of chapter protein electrophoresis of Yunjie SI lines and
SC lines were different significantly, which explained some protein expression were different significantly. Because special
protein expression was connected closely with plants’ hereditary information themselves, the special strips of SC lines may
be relate to the property of its self-compatible, and the growth of plants anaphase chapter is based on the protein difference of
bud phase in SC lines. From above results (Table.1), A conclusion can be drawn that In both SC lines and SI lines increasing
and decreasing of Arg are both great in both bud phase and autumn, which is accordant with others research. It is thought that
change of Arg is connected with SC property, Thus it can be seen that content of Arg has strong connections with
self-compatibility.

Conclusions

The Yunjie chapter protein was measured and analyzed by technology of SDS-PAGE gel electrophoresis. From the Fig of
electrophoresis maps, a special strips could be seen in Yunjie SC lines at about 50.5 KD in bud phase chapter. The strips of SC
lines were much stronger than that of SI at about 18.0 KD and 15.5KD. SC lines bud chapter protein electrophoresis map had
17 strips, while SI lines had 16 strips; As shown in the mature chapter protein electrophoresis map( Fig 2), SI lines had 18
strips.

The amino acids of chapter in Yunjie SC and SI were measured and analyzed, the results indicated there were 17 kinds of
amino acids identified. Arg distinguished itself for its highest content and highest change in SC lines and SI. In SC lines
Content of Arg in bud phase arrive to 0.47580 and 2.70714 respectively and account for 25.8% and 54.1% of the whole
content of amino acids respectively. In SI lines Content of Arg in bud phase and autumn arrive to 4.0733 and 0.19252
respectively, and account for 60.8% and 17.5% of the whole content of amino acids respectively.

Table.1Variance analysis of amino acid composition in stigma of self-compatible and self-incompatible line in Yunjie

Material
Amino acid Self-compatible line in Yunjie Self-incompatible line in Yunjie
Bud stigma Mature stigma (%) Bud stigma Mature stigma (%)
Are 0.47580 2.70714%* 468.97 4.07330%* 0.19252 9527
Lys 0.15480%** 0.01422 -90.82 0.63247** 0.06809 -89.23
Ala 0.05365 0.23404** 336.20 0.23400%** 0.13235 -43.44
Thr 0.01412 0.02688%** 90.38 0.01315 0.03407* 159.19
Gly 0.12327 0.28465%* 13091 0.02871%** 0.01583 -44.87
Val 0.01757 0.72287** 4014.27 0.61687** 0.33992 -44.89
Amino Ser 0.08548 0.07172 -16.09 0.05692%** 0.02247 -60.52
acid Pro 0.04734 0.04888 325 0.04889%** 0.01378 -71.82
composition Ile 0.08844** 0.02328 -73.68 0.34435%* 0.01956 -94.32
%) Leu 0.32237 0.37475%* 16.25 0.09461 0.11437 20.89
Met 0.01213 0.01829* 50.81 0.03397 0.01073 -68.43
His 0.03087 0.08475%* 174.53 0.05413* 0.03513 -35.09
Phe 0.03402%** 0.01260 -62.95 0.09526** 0.01508 -84.17
Glu 0.10985 0.16279** 4820 0.05443 0.09346* 71.706
Asp 0.11489%* 0.04366 -62.00 0.05001%** 0.00579 -88.41
Cys 0.07227 0.14763%** 104.27 0.01640 0.04571%* 178.69
Tyr 0.10711%* 0.02132 -80.094 0.24845%* 0.00449 98.19

Note: * mean significant difference at 0.05 level; ** mean significant difference at

References

Goring,D.R. et al., Identification of an S-locus glycoprotein allele introgressed from B.napus sap. rapiers to B. napus ssp. oleifera[J]. plant J, 1992,2:983-989.

Nishio, T.et al. Expression of S-loucs glycoprotein genes from Brassica oleracea and B.campestris in transgenic plants of self-compatible B.napus cv
westar[J].explants report., 1992,5:101-109.

Xue Yongbiao,Cui Haiyang,Lai Zhao. Self-incompatible and its molecular biology bacia(2002) [M].The impregnation biology of angiosperm.

Schopfer CR, Nasrallah JB, Self-incompatibility: prospects for a novel putative peptide-signal molecule[J].Plant Physiol, 2000,124:935-940.

Wang Jiazheng, Fan Ming. The manual of protein technology[M].Sientific publishing company. the front page

Aug,2000.

Ji Yuming,YANG Gengrong,ZHong Rongren. The component of protein change in the calli of tobacco in adapt foe and maladjustment for salt. The Plant
physiology, 1991, 17 (1) :56-62.

Ai ZHaohui,Guo Ling,He Men.The dissociated amino acid of was analyzed in the Overheat parabolas[J]. Tropic medicine of China. 2005, 5 (7) :1440-1441.



QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition 75

Delimitation of local mustard (Brassica juncea) germplasm in Sri
Lanka and improvement of their nutritive quality

S. R. Weerakoon', M. C. M. Igbal’, S. Somaratne', P. K. D. Peiris', W. S. R. Wimalasuriya'

! Department of Botany, the Open University, Nawala, Sri Lanka Email: srwee@ou.ac.lk
2 Plant Reproductive Biology Division, Institute of Fundamental Studies, Kandy, Sri Lanka

Abstract

Mustard (Brassica juncea) has been grown in the Indian subcontinent for hundreds of years as an oil seed crop, however, in
Sri Lanka mustard is grown comparatively to a lesser extent. It is widely used as a condiment and oil is used in Ayurvedic
medicines. There are ca. 60 mustard accessions available in Sri Lanka. However, the genetic diversity and the relationships among
these mustard accessions are yet to be studied. The objective of this study was to assess the genetic divergence of local genotypes
of B. juncea using numerical analyses of agro-morphological characters for delimitation and identification of genetically diverse
and agronomically superior accessions. Thirty mustard accessions were selected and thirty five agronomic characters were
measured. Data were analyzed using different multivariate statistical procedures; Cluster analyses (CA), Principle Component
Analyses (PCA) and Discriminant Function Analyses (DFA). The results of the CA, PCA and DFA indicated that there is a
difference in the grouping patterns of mustard accessions. Thus, there is a doubt that whether morphological characters are
adequate in delimiting the mustard accessions. Therefore, the study suggests to include other sources of information such as
biochemical evidence and molecular markers in characterization of mustard accessions. Local mustard consists of high amounts of
unfavorable fatty acids (erucic acid) and low amounts of favorable fatty acids (oleic acid). High levels of erucic acid are associated
with undesirable effects on cardiac muscles. Commercial canola (B. napus) varieties are nutritionally desirable for its
monounsaturated property. Interspecific hybridization between six Australian commercial spring canola varieties and six local
mustard varieties was successful in producing F; hybrid seeds. Regeneration of F, plants was achieved by embryo culture
technique to overcome post-germination barriers using modified Lichter medium (Lichter 1982). Fatty acid analysis of F; seeds of
all crosses with Gas Chromatography revealed a moderate amount of erucic acid (18-21%) compared to that of B. juncea (44-46%)
and B. napus (0.2-0.5%). Oleic acid content in F; hybrids was improved (33-41%) compared to that of B. juncea (7-9%) and B.
napus (43-57%). The study clearly indicated a higher possibility of transferring traits like a high level of oleic acid and a low level
of erucic acid from canola to mustard and produce new mustard lines with an improved the fatty acid profile via interspecific
hybridization.

Key words: mustard accessions, morphology, fatty acid profile, CA, PCA, DFA, interspecific hybridization,
Sri Lanka

Introduction

On the basis of consumption and production of brassica oil seed crops are the third important after palm oil and soybean
oil. It accounts for almost 14% of the edible vegetable oil supply of the world. Among many brassica species, B.napus L.,
B.rapa and B.juncea are considered as commercially important oil seed crops. In Sri Lanka mustard (B juncea) is gown
comparatively to a lesser extent and there are about sixty accessions (records of the Gene Bank of the Plant Genetic Resource
Center-PGRC, Gannoruwa, Sri Lanka). These local accessions have undergone natural selection over a long period of time for
desirable characters such as tolerances to drought, fungal and pest attacks.

Mustard oil contains high levels of nutritionally undesirable erucic acid. In Canada intensive breeding programs were
developed to reduce the undesirable acids (erucic acid) during 1970’s using the mutants of B.napus. Subsequently, released the
first canola-quality cultivars created as a new, high-value oil and protein crop. Canola quality B.napus genotypes are often
confined to temperate regions and they are not flowering in the tropics due to the thermo- and photosensitivity. Mustard has
many advantages over canola which include more vigorous seedling growth, quicker ground covering ability, greater tolerance
to heat and drought and enhanced resistance to the diseases blackleg and to pod-shattering (Burton 2004).

Recent studies have focused on the increased intake of saturated fatty acids (stearic and palmitic acids) and it’s relative
contribution to the increased serum cholesterol in the blood which increase the risk of coronary heart disease. The presence of
polyunsaturated fatty acids (PUFA) such as linoleic and linolenic acid are considered as desirable. The available canola oil is
recognized as a superior dietary oil because it contains the lowest saturated fat level of any edible vegetable oil. Advantage of
the use of high levels of oleic acid, linoleic acid, linolenic acid is to prevent cardiovascular diseases by inhibiting platelet
formation and reducing cholesterol level. After carried out extensive nutritional studies in India, it has prooved that linoleic
acid in mustard oil is highly beneficial for vegetarians and low income section of the society.

The present research is focused on characterizing and improving oil quality of local mustards by interspecific hybridization
with commercial canola varieties.
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Material and Methods

The accessions of B. juncea obtained from the PGRC, Gannoruwa, Sri Lanka, and six commercial spring canola varieties
(cvs. ‘Narendra’, ‘Hyola’, “Monty’, ‘Outback’, ‘Karoo’, ‘Oscar’ obtained from Westerns Australia, were grown in the pots in
the green house of the Institute of Fundamental Studies (IFS), Sri Lanka. Selected vegetative and reproductive characters were
rerecorded at maturity of the plants.

Interspecific crosses: Flowers of female parent were emasculated and fresh pollen from the male parent was transferred
to the stigma. A total of one hundred flowers were crossed for each parental combination. The pollinated flowers were
tagged and bagged. Siliques were harvested 10-21 days after pollination and were surface sterilized and opened along the
suture. The seeds were taken out and the seed coat removed to culture embryos. Embryos were transferred to water agar to test
for germination. Non germinated embryos were transferred to hormone—free Murashige and Skoog (1962) medium (MS) and
Lichter (1982) medium with 0.5 mgl”’ NAA, 0.5 mgl" BAP and 3% sucrose. Culture medium was solidified with 3 gl agar.
After adjusting pH to 5.7 the medium was autoclaved at 121°C for 20 min at 15 psi. The embryos were transferred to Petri
dishes and maintained under fluorescent light at 26+2 °C for a photoperiod of 16 h. The developing embryos were
acclimatized before potting and transfer to thee greenhouse. The inflorescences were bagged at the flowering period to ensure
self-pollination. Seeds were collected for fatty acid analysis.

Fatty acids were obtained by extracting 2 g of each seed sample (F; hybrids) in hexane on a Wristaction shaker overnight.
The extracts were evaporated to dryness in a rotavapor, at 40°C. Methanolic HCl was prepared by adding 5 ml of
acetylchloride slowly to cooled dry 50 ml of methanol. The seed extract (100) mg was dissolved in this reagent and the
mixture was heated at 50 °C overnight. This solution containing the methyl ester was analysed by Gas Chromatography on a
DB-5 column.

Morphological characterization: The seeds of each accession were sown in plastic seed beds in a plant house at the Open
University of Sri Lanka. A total of five seedlings of each accession were planted in black polythene bags with standard potting
mixture. Subsequently, the seedlings were (3-4 leaf stage) transferred to plastic pots with a diameter of 13 cm. Each of these
replicate was arranged in Randomized Complete Block Design (RCBD). Characterization of accessions was based on
different morphological traits from seedling up to the harvest of the crop (Rabbani et al., 1988). The dataset was subjected to
Cluster Analysis, Principle Component Analysis (PCA) and Discriminant Function Analysis (DFA) in order to classify the
accessions and to trace the relationships among them. Further, these results were used to explore the importance of characters
in classifying mustard accessions. Statistical analyses were carried out on SPSS/PC version 13.0 (SPSS/PC, 2004).

Results

The Fatty Acid Content (FAC) of the twelve accessions of B. juncea was dominated by the unsaturated erucic acid and
the percentage was 41%. The mean monounsaturated oleic acid was 13.8%, and this amount is undesirable for edible purposes.
Polyunsaturated linolenic acid was below 14% in B juncea which is desired for a better shelf-life. In both species linoleic acids
were at comparable levels.
Germination of the F; seeds was possible on a Listure medium. Seeds germinated on culture medium were successfully
acclimatized and transferred to the green house. The Table 1 shows the difference in FAC between the parental species (B.
napus and B. juncea) and their F; hybrids.

Table 1. Fatty acid content (%) of seeds of Brassica juncea (ac.7700), B.napus canola cultivars and their F; hybrids

Fatty acid Oleic (C18:1) Linoleic (C18:2) Linolenic (C18:3) Erucic (C22:1)
B juncea 8 16 11 46
B.napus 472+6.0 195+14 11.0+1.1 03+0.2

F, hybrids 348+3.9 17.1£13 103+£0.9 188+14

The dendrogram (Figure 1) obtained from cluster analysis, showed five clusters of accessions at 60% phenon level. From
the results of PCA, there was a particular grouping pattern within the accessions in which certain accessions were well-
separated and other accessions overlapped considerably (Figure 2). The result of DFA indicated that there are three groups of
accessions (Figure 3).
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Figure 1 Dendrogram constructed from the cluster analysis

VARETY  Code
e WARN0ER Rmber
b AR 188
war1100
YAmIA0
VAR 244
" waR1258
wWaEmIIn
= ViR
E Yar1E1d
YARIOYr
ARTIET
R Bd

1
2
9
El
s
g
T
2
& i

(m|
L] 11

g B

fan £ WAREIN E
=] SARI3D 14
EI' g ERETE 15
= - 5
g 17
o] 15
=
i
21

pa st Ll
5184
‘WARERD
FaRAPEE
wamra1a
WARTED
‘WAREF2E
AmER
WARBBEE?

VLR

za0 -

B NENEEN

Prlisel[ds &g nend 2
L3]

wARI1?
WAmaan
ARSI
WAFREDR
=an “Amannn

T T T T T T S ARS110
<=bn - oa odo 100 zan 30 (8]

Prinet jrbe o2 e e 1

100

WARE1E

Figure2 The “biplot” produced by plotting Principle Component axis 1 with Principle Component 2.
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Figure 3 The scatter plot resulted from plotting Discriminant Function 1 with Discriminant Function 2.

Discussion

B.juncea grown in Sri Lanka contains nutritionally undesirable fatty acids and there is a need to improve the crop to use
as a oil seed and it should be brought down to the levels of internationally and commercially accepted canola quality. By
crossing B.juncea with B.napus we determine the feasibility of transferring the fatty acid profile to the canola quality. The
inter-specific embryos were recovered by in-vitro embryo rescue, and raised them to maturity.

On cluster analysis the mustard accessions were fallen within five groups and this may be due to the similarities and
relationships among accessions. However, PCA results were different from that of cluster analysis and this reflects the
differences between the analytical methodologies. Since six out of thirty accessions were well-separated in PCA, these
accessions could be maintained as separate accessions. Meanwhile, other accessions were broadly split into two groups with
considerable overlapping. Therefore, the accessions in these two groups may be the same accessions with minor
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morphological variation resulting from geographical variations and/or the difference in statistical analytical methods used in
this study. The results of the DFA indicated that thirty accessions can be classified into three groups. Thus, grouping patterns of
accessions were different under different statistical analytical methods.

Conclusion

Interspecific hybridization between B.juncea and B.napus produced F; hybrids with improved fatty acid profile. Since,
there are inconsistencies in the results obtained from different statistical methods used in this study, morphological characters
themselves are inadequate in characterizing mustard accessions and other sources of information such as isozymes, seed

protein, seed fatty acids and molecular markers are of importance in characterization of mustard accessions grown in Sri
Lanka.
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Abstract
The oil content of winter rapeseed was analyzed using Soxhlet extraction. The oil content of winter rapeseed was higher than
spring rapeseed. The oil content of winter rapeseed was influenced by several factors such as altitude.

Key Words: winter rapeseed, spring rapeseed, oil content,variation

Introduction

Because the winter rape is self-compatible, drought-and cold resistant, long sowing time, early harvest, great productive
potential and higher economic efficiency, the sowing area grows rapidly in Northwest, especially in Gansu province recent
years. Oil content is the main concerned problem. We determined the oil content of Winter Rape varieties from different areas
and expected to provide some scientific basis for the Winter Rape economic efficiency analysis and the variety breeding.

Materials and Method

The winter rape varieties of WY W-1, DQW-1, 9889, 9852, 02C za 9, Yanyou 2, MXW-1 and Tianyou 2 were collected
from Wuwei, Zhangye and Jiuquan. The spring rape varities are mainly collected from Wuwei. Spring Rape sows in March,
the Winter Rape sows in August.

Soxhlet extraction was used to determine the oil content. 2.5 grams of clean rape seed was weighed for each variety and
dred at 80°C for 2 hours. The seeds were then put in a water extractor, ground into fine powder in mortar and packed with dry
filters paper and dry at 105°C in the drying oven for 2 hours. Then the powder was taken out and weighed (A). Fill about 1
gram rape powder into a filter paper, and dry at 105°C in a oven for 3 hours, then take out and weigh (B). Fill the packages
into the Soxhlet fat extractor and pour down ether till the ether completely soaks packages. After immersion in distilled water
for at least 16h, heat up in water bath to auses the ether backflow. Control the backflow times in 8 times an hours, and
generally extracts 6 to 8 hours. After extraction, takes out the package in to a ventilate place to let the ether volatize. Put the
package in the drying oven at 105°C for 2 hours. Cool in the water extractor and weigh (C), the oil content (%) is calculated
using equation (A-B)/(B-C).

Results and Analysis
Table1 Oil contents of the winter and spring rape varieties
Varieties number Cultivars Source Oil content (%) Average oil content (%)

1 MXW-1 Wuwei 43.90
2 MXW-1 Jiuquan 4148
3 MXW-1 Zhangye 41.53
4 WYW-1 Zhangye 42.04

Winter Rape 5 DQW-1 Zhangye 40.81 4157
6 9889 Zhangye 40.35
7 9852 Zhangye 39.56
8 02Cza9 Zhangye 41.86
9 Yanyou number 2 Zhangye 42.28
10 Tianyou number 2 Zhangye 41.93
1 Wuwei small oil bud Wuwei 37.00
2 Wuwei small oil bud Jiuquan 39.7

Spring Rape 3 Wuwei small oil bud Wuwei 41.02 39.67
4 Wuwei small oil bud Wuwei 40.05
5 Wuwei small oil bud Wuwei 40.60
6 Wuwei small oil bud Zhangye 40.21
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Figure 1. Oil contents of winter and spring rape cultivars

It can be seen from Table 1 that the average oil content of winter rape varieties’ is higher than that of the spring rape
(Figure 1). Oil contents of Winter Rapeseed and Spring Rapeseed from the same growing areas were compared and found that
the Winter Rape varieties have higher oild content than the Spring Rapeseed varieties. The average oil content of Spring Rape
grown in Wuwei is 37.00%, but is 43.90% in the Winter Rape varieties.

We compared the oil content of § Winter Rapeseeds sowing in Zhangye (Table 2). The Winter Rape cultivars average oil
content is 41.05% (Table 2). The oil content ranges from 38.35% to 42.28%. Winter Rape varieties can be divided into two
kinds according to oil content: oil content higher than 40.0% (WYW-1, DQW-1, 02C za 9, Yanyou 2, Tianyou 2r, MXW-1,
9889) and oil content lower 40.0% (9852).

Table 2 Oil contents of different Winter Rape cultivars

Winter Rape Source Oil content (%)
WYW-1 Zhangye 42.04
DQW-1 Zhangye 40.81
9889 Zhangye 4035
9852 Zhangye 39.56
02Cza9 Zhangye 41.86
Yanyou number 2 Zhangye 4228
Tianyou number 2 Zhangye 41.93
MXW-1 Zhangye 41.53
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Figure 3 Influence of altitude on Winter Rape oil content
To test the relationship between oil content and the altitude, we grew the Winter Rapeseed variety MXW-1 at different
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altitude (Figure 3). The oil content decreased as the altitude elevated.

Discussion
The results in this study indicated that the oil content of Winter Rapeseed was higher than Spring Rapeseed. The Winter
Rape oil content is negatively influenced by altitude.
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Abstract

Carotenoids are one of the most important members of plant pigments and have diverse functions such as antioxidant,
preventing cardiovascular disease and cancer, anti-aging. Enhanced carotenoid content in seeds of oil crops improves not only the
oil nutrition and health-care value, but also the oil stability. A fast, accurate, simple and convenient method was set up to extract
and measure total carotenoid content in rape seeds. In addition, the carotenoid contents in seeds of six major oil crops including
rapeseed, peanut, soybean, sesame, perilla and safflowers were analyzed, and compared with that of carrot, pumpkin, corn and
orange. The results showed that in these six oil crops, only rapeseed and soybean demonstrated characteristic absorption peaks. In
addiction, extensive variation in carotenoid content was detected among rapeseed and soybean varieties. The content of carotenoid
in seeds of rapeseed is close to that of carrot. These results lay a good foundation for further screening of high carotenoid content
rapeseed germplasm and the improvement of rapeseed and soybean varieties with high carotenoid content.

Key words: Carotenoids, Rapeseed,Mensuration, carotenoid content, oil crop, garden stuff

Introduction

Vegetable oil is an important component of human food. It supplies energy, nutrient, fatty acid source for human.
Rapeseed, soybean, peanut, cotton seed, sunflower seed and flax are the main source of vegetable oil in China. The beneficial
elements of edible oil have great function in preventing disease and enhancing health. For enhancing the content of beneficial
health, it is stringent and practicable to intensify the nutrition, healthy care, and security of edible oil.

Carotenoids are fat-soluble and carotene-f is a precursor of vitamin A. They are able to quench single oxygen, remove
harmful effects of the internal free ion-oxygen efficiently, protect the immune response system, and cure some serious diseases,
such as cancer (Bartley et al., 1994). Carotenoids are not only in vegetable organ such as stem, leaf and root, but also in plant
seeds. So it is possible to obtain carotenoids from edible oil. The content of carotenoid in edible oil can be improved by
producing oil crops seeds with high content of carotenoids.

In this study, a fast, accurate, simple and convenient method was set up to measure the total carotenoids content in rape
seeds by selecting the optimum conditions, such as solvents, time, the ration of rapeseeds on extraction process. Using the
method, carotenoids content of six major oil crops including rapeseed, peanut, soybean, sesame, perilla and safflower analyzed
and compared with that of carrot, pumpkin, corn and orange, providing important data base for crop breeding and correlation
study of high carotenoids.

Material and methods

Material: Seeds of rapeseed, soybean, peanut, sesame, safflower, perilla came from Oil Crop Research Institute, carrot,
pumpkin, corn and orange were bought from supermarket.

Methods: Seeds was pulverized in glass mortar, 0.3g was weighed accurately and filled in a triangular bottle with 9ml
solution (petroleum ether:acetone, 1:1), soaked 6h in dark with shaking (100rpm). Then scan the solution within the range of
300-800nm and the absorption spectrum was obtained. Principle and method of mensuration about carotenoid content refer to
GB/12291-1990 “the whole quantity mensuration of carotenoid in fruit and vegetable juice”. Carotenoid content was
calculated according to the following formula.

A-y(ml)-10°
A" -1000- g

lem

X(mg/100g) =

X—Carotenoid content. A—the highest absorbency value of 445nm  Y—quantity of extracting solution
A" —average absorption coefficient 2500 of carotenoid molecule  g—weight of sample

Result and Discussion

Measuring method of carotenoid in rapeseed

Scanning within 300-800 nm using spectrophotometer, a typical carotenoid spectrum absorbtion mode was obtained in
rapeseed with the highest peak at 445 nm, two acromions at 421 nm and 473 nm (Fig. 1). The carotenoids in rapeseed can be
dissolved in acetone, petroleum ether and chloroform. The best extraction condition is acetone and petroleum ether mixed by 1:
1 for 360 min, and the ratio of the seed and solution is 1 : 30 (Gao, 2005)
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Fig. 1 UV-VIS spectra of carotenoid standard in fruit and vegetable

Carotenoid was previously reported in fruit and vegetable (Chug-Ahuja et al., 1993, Khachik,1992). There are typical
absorption maximum of carotenoid in oilseed rape and four fruit and vegetable with the concentration of carrot and pumpkin
solution diluted 5 times, the highest peak appears in 440-445nm (Fig 1), Which showed the typical absorption peak can be
scanned by spectrophotometer in solution of carotenoid. Not only the content of carotenoid in fruit and vegetable but also of
the oil crops can be analyzed by the method. The peak value, however, is different for different content and kind of
carotenoids.

Rapeseed and soybean had absorption peaks of carotenoid with the highest peak at 443nm, two acromions at 419nm and
472nm. But the typical peak is absent in peanut, sesame, safflower, perilla, which nay contain less carotenoid (Fig. 2)

Content of carotenoid in six oil crops

The highest peak of carotenoid is in the range of 440+10nm by scan, so 443nm was used to calculate the content in the
experiment with formula. The result showed the content has diversity for the different varieties in rapeseed and soybean. The
average content of carotenoid was 1.426 mg/100g in Brassica napus, 3.342 mg/100g in Brassica juncea, 2.472 mg/100g in
Brassica campestris, and 0.603 mg/100g in soybean that is lower than in rapeseed (Table 1). In addition, we found that the
carotenoid content in B.juncea is higher than in B.napus and B.campetris by analyzing large number of varieties.

Tablel Carotenoid content in seed of different oil crops

. Content of
Type Name Content of carotenoid Type Name carotenoid
(mg/100g) (mg/100g)
B.napus Ningyou 5 1.88 Soybean xiangchun10 0.38
Qianyou 1 0.83 zhongdou32 041
Niujiaoyoucai 0.75 zhongdou29 0.80
Huyou 2 1.36 01—45 0.67
. gianyang259 231 Suzao 3 0.54
B. campetris . .
Beishanyoucai 1.98 Zhe 3641 0.82
huanggangbaiyoucai 2.17 Peanut Zhonghua 12 ND+
Xiezuo 1 249 Fenghua 4 ND+
anqingziyoucai 2.66 9—1-2 ND+
nanchangtianyoucai 3.06 Minhua 6 ND+
B. juncea wensuheiyoucai 279 Jihua 4 ND+
Shaosuhuangyoucai 3.16 984—12—4 ND+
Tianjiazaiyoucai 3.72 Sesame Zhongzhi 11 ND+
Niuweihuang 1.85 Zhongzhi 13 ND+
Yuxigaoke 5.19 Ezhi 1 ND+
Safflower Honghua 3 ND+ Zhongzhi 10 ND+
perilla 0518 H37 baisu ND+ Zhongzhi 14 ND+
0512 H31 baisu ND+ Zhongzhi 12 ND+
0509 H28 zisu ND+ Ezhi 2 ND+

0520 H39 zisu ND+ Zhongzhi 9 ND+




84 QUALITY, NUTRITION AND PROCESSING: Quality Analysis and Nutrition

034

eseed
0.22
0.0
0.13
0.18
0.14
s soybean
0.0
o peanut
o sesame
004 safflower
0.0z
- perilla
400.0 410 40 40 440 450 60 40 460 480

Fig. 2 UV-VIS spectra of carotenoid standard in six oil crops

Content of carotenoid in oilseed and four fresh fruit and vegetable

The carotenoid content in carrot is higher than the other three fruit and vegetable, and is close to that of some rapeseed
varieties (Table 2). This showed that there exists abundant carotenoid in oil seeds. The content of carotenoid varies largely in
rapeseed, which is propitious to select high content material for breeding.

Table 2 Carotenoid content of fresh fruit and vegetable and of rapeseed

Type Content of carotenoid (mg/100g)
Carrot 6.13

Punpkin 324

Orange 4.19
Corn 091

rapeseed 0.75—5.19

Conclusion

The content of carotenoid can be analyzed by spectrophotometer through distillation with organic solvent in oil crops and
fruit and vegetable. In six oil crops, only the rapeseed and soybean showed the absorption peak of carotenoid, and the content
of carotenoid in some rapeseed varieties is close to that of carrot. So we can enhance content of carotenoid in edible oil
through processing the seed of oil crops with high carotenoid content. Up to date, the biosynthesis approach of carotenoid has
been illustrated with the development of biochemistry and molecular biology (Zhao et al., 2004). In addition, the key gene
affecting and controlling the approach has been separated and identified (Fraser et al., 1994). So it is of high significance for
enhancing carotenoid content of oil crops by regulation and controlling the process. Edible oil with high carotenoid content
can improve the life quality and will bring significant profit for oil processing industry.
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Abstract

Yangtse valley has been the largest rapeseed production area in the world. Rapeseed quality and safety status in the valley
influence the development of new cultivars and processing factors demanded by the end-user. This study was undertaken to
compare quality improvement based on the data collected from the quality survey programs.

Harvest survey in Yangtse valley was carried out by Quality and safety Inspection and Test Center for Oilseeds Products of
Agriculture Ministry of China (QITCOP) from 2002 to 2006. The analytical data presented were for all grades. All oil and
glucosinolate content values were expressed on dry base in order to permit annual comparisons. About 300 samples were analyzed
every year. Samples for the rapeseed harvest survey were collected from producers, crushing plants and grain handling officers
across the Yangtse valley. These samples were cleaned to remove foreign matter prior to testing. Individual harvest sample are
analyzed for oil, erucic acid and total glucosinolates using ISO reference method and national standard methods.

Harvest survey data for quality in the Yangtse valley oilseeds showed the yearly fluctuations in all quality parameters. Over
the last 5-year period, the rapeseed quality of Chinese Yangtse valley has been gradually improved. Compared to 2002, the mean
oil content of rapeseed in 2004 was as high as 42.7%, which was 1.7% higher than that in 2002. And the mean erucic acid was
3.14%, the mean glucosinolates in meal was 35.67umol/g, which were both significantly lower than those in 2002.

Key words: Rapeseed, quality, Yangtse valley, China

Introduction

Rapeseed is one of the main oil crops in China.35% of total vegetable oil consumed in China is from rape oil. China is a
big country for rapeseed plant area and rape oil consumption. The rapeseed production in China has been increased steadily
since 1980s,especially during the last decade. The production acreage of repeseed is 6.25 million hectares, with 5.70~6.90
million hectares. It is three times more of the planting acreage in 1950s~1960s. And the total production has been increased 10
times. Yangtse valley has been the largest rapeseed production area in China and in the world. Rapeseed quality and safety
status of the rapeseed in the valley influence the development of new cultivars and processing factors demanded by the
end-user. Low erucic acid rapeseed oil was good for people nutrition and the low glucosinolate oil-extract cake was good
feedstuff. Since early 1980s, the low erucic acid and low glucosinolate rapeseed has been planted in China, and rapeseed
quality and safety status of the rapeseed has been experienced a tremendous increase in the last years.

This study was undertaken to compare quality improvement based on the data collected from the quality survey
programs. Harvest survey in Yangtse valley was carried out by Quality and safety Inspection and Test Center for Oilseeds
Products of Agriculture Ministry of China (QITCOP) from 2002 to 2006.

Material and methods

Data used in this study were derived from QITCOP harvest surveys for Yangtse valley monitoring programs conducted
from 2002 to 2006. The analytical data presented are for all grades samples. All oil, glucosinolate content values are expressed
on dry basis in order to permit annual comparisons. About 300 samples per year are used in the harvest survey. Samples for
the rapeseed harvest survey are collected from farmers, producers, crushing plants and grain handling offices across Yantse
valley. These samples are cleaned to remove foreign matter prior to testing. Individual harvest survey samples are analyzed for
oil, erucic acid and total glucosinolates using ISO reference method and national standard methods.

The current oil content was determined by nuclear magnetic resonance (NMR) according to the International
Organization for Standardization, reference number ISO 10565:1992(E) Oilseeds—Simultaneous determination of oil and
moisture contents—Method using pulsed nuclear magnetic resonance spectroscopy. A Bruker NMS  Minispec NMR
Analyzer calibrated with appropriate oilseed samples extracted with petroleum ether was used. Results were reported as a
percentage, calculated on a dry matter basis. Glucosinolate content was determined by International Organization for
Standardization method reference number ISO 9167-1:1992(E), Rapeseed—Determination of glucosinolate content—Part 1:
Method using high performance liquid chromatography. Results were calculated on a dry matter basis for oil-extract cake
expressed as micromoles per gram (pmol/g). Erucic acid was determined by the International Organization for Standardization
method reference number ISO 5508:1990 (E),Animal and vegetable fats and oils—Analysis by gas chromatography of
methyl esters of fatty acids. A 15m by 0.32 mm column with a 0.25um Supelcowax 10 coating is used,and esults were
reported as a percentage.
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Results and discussion

Harvest survey quality data for the Yangtse valley oilseeds showed the yearly fluctuations in all quality parameters (Fig 1).
During the first 3 years, the mean oil content increased from 41.04% in 2002 to 42.64%.Then oil content fell to 41.03% in
2006. The mean erucic acid content decreased from 16.3% in 2002 to 3.14% in 2004, but increased to 12.87% in 2006. The
mean glucosinolate content decreased from 64.87umol/g in 2002 to 35.76pmol/g in 2004, then increased to 48.33umol/g in
2006.

Over the last 5-year period, the rapeseed quality of Chinese Yangtse valley has been gradually improved. Compared to
2002, the mean oil content of rapeseed was as high as 42.7%, which was 1.7% higher than that in 2002. And the mean erucic
acid was 3.14%, the mean glucosinolates in meal was 35.67umol/g, which were both significantly lower than those in 2002.

Environmental factors such as heat, frost or drought may cause large annual fluctuations of glucosinolates, erucic acid
and oil content. Due to double low breeding efforts, levels of seed glucosinolates and erucic acid in the oil have decreased and
were well below rapeseed specifications. Changes in the erucic acid and glucosinolate contents over the past years may be a
combination of environmental effects coupled with the shift in species from a mixture of Brassica napus and B. rapa to nearly
exclusively B. napus types which traditionally had higher erucic acid and glucosinolates contents.

Table 1. Rapeseed quality data improved in Yangtse valley of China

Crop year Oil content',% Erucic acid,% Glucosinolate content’, umol/g
2002 41.04 163 64.87
2003 41.54 4.94 47.15
2004 42.64 3.14 35.76
2005 40.63 7.73 4893
2006 41.03 12.87 4833
5 year mean 41.38 9.00 49.01
' dry matter basis
2 dry matter basis for oil-extract cake
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Fig.1 Comparison of apeseed quality parameters

Conclusions

Rapeseed harvest surveys for Yangtse valley monitoring programs have been a reliable predictor of the quality of all
grades rapeseed quality in Yangtse valley. The harvest surveys provides an important scientific basis for the regionalization of
rapeseed producing, the introducing varieties, the breeding of rapeseed varieties and the rapeseed scientific study in China.
Based on the survey data in last five years, rapeseed quality in the Yangtse River valley has been significantly improved.
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Abstract

Rapeseed protein (Brassica napus L.) is only used in animal feed despite its high nutritional potential for human nutrition.
We sought to assess the nutritional quality of rapeseed by measuring its real ileal digestibility and postprandial net protein
utilization in humans fed '*N-rapeseed protein. Volunteers equipped with an intestinal tube at the jejunal (n=5) or ileal level (n=7)
ingested a meal containing 27.3 g "N-rapeseed protein and a total energy content of 2.93 MJ. Dietary N levels were quantified in
intestinal fluid, urine and blood sampled at regular intervals during the postprandial period. The real ileal digestibility of rapeseed
protein was 84.0 + 8.8%. Dietary N at the ileal level was mostly in the form of undigested protein. Both cruciferin and napin
fractions appeared to be resistant to proteolysis. Endogenous ileal N losses equalled 2.2 g/d. Aminoacidemia was not significantly
increased by meal ingestion.  The postprandial distribution of dietary N was 5.4 + 1.8% in urinary urea and ammonia, 8.2 +3.4%
in body urea and 7.7 +2.0% in plasma protein. The net postprandial protein utilization (NPPU) of rapeseed protein amounted to
70.5+9.6% and the postprandial biological value was high: 83.8 +4.6%. Rapeseed protein has a low real ileal digestibility in
humans compared to other plant proteins, but also exhibits a very low deamination rate. Thus postprandial nitrogen retention from
rapeseed is excellent in humans, being as high as that of milk protein. We conclude that rapeseed protein has a high nutritional
potential for human nutrition.

Key words: protein quality, rapeseed protein, ileal digestibility, biological value, humans

Introduction

Rapeseed (Brassica napus) contains a high proportion of protein (~20%) but, to our knowledge, there is no human
consumption of rapeseed protein. Rapeseed proteins of quantitative importance are storage proteins: cruciferin (12S globulin),
a globular protein rich in lysine and methionine, and napin (2S albumin), a soluble protein containing high levels of glutamine,
proline and cysteine. The relative proportions of these proteins differ considerably between cultivars, with albumin levels
ranging from 13% to 46% (/). In rat assays, indices for the nutritional quality of rapeseed protein were seen to be as high as
those of animal protein and far higher than those of other legume or cereal sources (2-4). Studies of the nutritional quality of
rapeseed proteins for livestock feed have shown that rapeseed protein is as efficient as soy protein in terms of animal growth
and maintenance (5). In terms of its potential use for human nutrition, rapeseed protein is of particular interest because of its
globally high content in indispensable amino acids (>400 mg/g protein) and particularly in sulfur amino acids (AAs) (40 to 49
mg/g protein) (6, 7). These levels are double the requirement for sulfur AA established following the last FAO/UNO/WHO
consultation of experts in 2001 (8), and far higher than those usually found in plant, and especially, legume protein. However,
protein quality does not only depend on AA composition but also on other factors related to the kinetics of AA delivery from
these proteins. For instance, soluble milk proteins exhibit a high chemical score but because of the rapid supply of dietary AA
from these proteins, their postprandial oxidation is enhanced when compared to proteins released at a slower rate (9). There
has been no assessment to date of the digestibility or metabolic utilization of rapeseed protein which provides insights into its
suitability and value for human consumption. In this context, our aim was to assess both the bioavailability and metabolic
utilization of rapeseed protein in vivo in humans through the combined use of intestinal tubes and intrinsically and uniformly
"*N-labeled rapeseed protein.

Subjects and methods

Twelve subjects (6F, 6M) volunteered for the study. They were included after undergoing a thorough medical
examination and routine blood tests. The subjects had a mean age of 25 years, weighed 71 £ 12 kg and their BMI was
23.4+3.0 kgm™. Body composition was determined from isotopic dilution after the oral administration of deuterium oxide
(75 mg/kg body weight): total body water was 40.6 £5.8 L, fat-free mass 55.2+7.9 kg and percentage fat mass was
23.1+9.0%. All subjects received detailed information on the protocol and gave their written informed consent to
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participation in the study. The protocol was approved by the Institutional Review Board for St-Germain-en-Laye Hospital,
France.

*N-labeled rapeseed protein was prepared at an experimental scale by growing at the Technical Centre for Oilseed Crops
(CETIOM) winter rapeseed containing very low levels of glucosinolates (Brassica napus L., Goéland cultivar) in the presence
of "N-ammonium nitrate. A rapeseed flour was produced from dehulled seeds by extraction with hexane to remove the oil (by
CREOL, Pessac, France). The solvent was eliminated at a low temperature and under vacuum to protect protein functionality.
A protein isolate was purified by solubilizing the rapeseed flour at pH 11 to eliminate insoluble polysaccharides, then adjusted
to pH 7 and ultrafiltered at 20°C. The extraction and purification of rapeseed protein were carried out on a laboratory scale. In
this cultivar, the globulin, napin and lipid transfer protein (LTP) fractions represent 36.8, 41, and 2.7% of total protein,
respectively (/0). The final N content of the rapeseed isolate was 14.9%, with "N enrichment of 1.16 atom percent (AP). The
test meal consisted of 30 g of *N-labeled rapeseed protein isolate (312 mmol N or 27.3 g protein, N x 6.25), mixed with 96 g
carbohydrate (75% as maltodextrin and 25% as sucrose), 23 g canola oil and water to reach a final volume of 500 mL. The
total energy content of the experimental meal was 700 kcal.

The subjects were hospitalized for two days. On the first day, a 3-m PVC double-lumen tube was inserted via the nose
under local anaesthesia and then swallowed so as to progress down the gastro-intestinal tract under the action of gravity and
peristaltic contractions. Tube progression was verified under X-ray and the tip was halted in either the jejunum (n=5, mean
tube length from the nose = 167 cm) or the ileum (n=7, mean tube length from the nose = 214 cm). The subjects were given
meals at noon and 19h00 and then fasted overnight. On the second day, the protocol started at 10h00, when a saline solution
containing 20 g/L polyethylene glycol 4000 (PEG-4000) was infused continuously through the first lumen of the tube. At =0,
the subjects ingested the experimental meal containing “N-rapeseed protein and 75 mg L-[1-"*C]-glycine given as a marker of
the gastric emptying rate. Intestinal fluid, expired breath, blood and urine were sampled at regular intervals over a period of 8h.

Plasma and/or urine urea and ammonia were assayed using enzymatic methods. The PEG-4000 concentration in digesta
samples was determined using a turbidimetric method. Amino acid concentrations in deproteinized serum samples were
determined by HPLC after separation on cation exchange resin and post-column ninhydrin derivatization. For isotopic
determinations, urea and ammonia were isolated from urine, using an Na/K form of the cation exchange resin. Serum
separation of N fractions (protein N, free N and urea N) was performed. Protein N and non protein N in the ileal samples were
fractionated by ethanol precipitation after hexane delipidation.The total N, non protein N and protein N contents of the digesta
and serum protein fraction were determined using an elemental nitrogen analyzer. The "*N/"N isotope ratio was determined
by isotope-ratio mass spectrometry in the digesta, urinary urea and ammonia, serum protein, free N and urea. The C
enrichment of CO, in expired breath was determined using GC-IRMS. The atom percent excess (APE) of the samples was
calculated by subtracting the baseline value from the atom percent determined at each time point. Rapeseed isolate protein and
ileal effluents were analyzed in polyacrylamide gels in denaturing (SDS) non-reducing conditions in order to determine the
nature of undigested dietary protein.

Data are expressed as means = SD. Changes over time of variables above the baseline value were tested using contrast
analysis under a mixed model with time as a repeated factor (SAS 9.1, SAS Institute Inc., NC, USA). A value of P <0.05 was
considered as significant.

Results

Intestinal kinetics and real ileal digestibility of rapeseed protein

The flow of dietary N peaked 1h after the meal in the jejunum (14.9 £ 7.8 mmoIN/30 min) and 30 min later in the ileum
(8.7 = 12.6 mmoIN/30min). On average, over the 8-hour period, dietary N represented 42 + 6% of total N in the jejunum and
37+ 7% in the ileum. The cumulated recovery of dietary N was 29.9 £4.8 and 16.0 + 8.8% of the ingested amount at the
jejunal and ileal levels, respectively. The real ileal digestibility of rapeseed protein was 84.0 + 8.8%. In subjects with the tube
at the ileal site, analysis of the ileal N form (protein or non-protein) revealed constant levels of dietary non-protein throughout
the postprandial period (0.1-0.3 mmolIN/30 min) and high, variable amounts of dietary N in the form of protein, which
accounted for more than 80% of the total ileal dietary N flux between 2 and 5h after the meal, reaching an average of 68%
over the 8-h study period.As for ileal endogenous N flow, a high (mean: 79%), consistent proportion of endogenous N was
made up of protein. Electrophoretic analyses were performed on the ileal contents in individual subjects and compared to the
ileal dietary N flux. The profiles of the two individuals with the lowest degree of digestibility (65.2%) and highest degree of
digestibility (90.5%) showed different profiles. In the first subject, peak levels of ileal dietary N (at 1.5 and 2h) in the ileum
were associated with SDS-PAGE bands similar to those of the rapeseed protein (RP) isolate (at ~50 kDa and ~14 kDa,
possibly due to the presence of undigested cruciferin (Co3) and napin (N1), respectively). These bands had a lower intensity
in the subject with the highest degree of digestibility.

Kinetics of circulating glucose, dietary amino acids and dietary N-carrying protein

Plasma glucose levels rose after ingestion of the mixed meal, peaking at 8.4 +2.7 mmol/L at 1h. Plasma total amino acid
concentrations ranged from 2975 +273 pumol/L at baseline to 3326 + 761 umol/L at 2 h (NS). There was no time effect
regarding total, indispensable or dispensable AA levels after the meal.

Oxidation of the oral dose of “C-glycine and the incorporation of dietary N into the plasma amino acid N pool followed
similar time-courses after the meal. "*C excretion reached its maximum 3.5 h after the meal and represented 42 + 3% of the
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dose at the end of the 8-h period. The half-asymptotic excretion time, a proxy for the gastric emptying half-time, was 266 + 24
min. Dietary N in plasma AA reached its maximum 3h after the meal (6.0 £+ 2.0% of the pool). Dietary N incorporation into
the plasma protein pool followed a sigmoid curve and reached 7.7 + 2.0% of the N ingested, 8h postprandially.

Dietary nitrogen deamination, postprandial retention and postprandial biological values concerning rapeseed protein

The transfer of dietary N to body urea increased during the first 3h to reach a plateau with a final value of 6.7 +£2.5% of
ingested N in this pool. Low levels of ammonia were found in cumulative dietary N urinary excretion (0.23 £0.12% of
ingested dose) but they increased regularly in urinary urea to reach 5.4+ 1.8% of ingested N at 8h. Endogenous urea
production remained steady (0.4 to 0.5 mmolN/kg body weight/2h) throughout the postprandial period and highly variable
between subjects (Table 2). Urea production from dietary AA was at its maximum for the first two hours following the meal
but almost insignificant during the last four hours. Total endogenous and dietary urea production amounted to 1.88 + 1.41 and
0.47 +£0.13 mmoIN/kgBW over the entire postprandial period. The sum of ileal and deamination losses, representing the
amount of dietary N not retained 8h after the meal, was 29.5 + 9.6% of the meal content. As a result, the NPPU value was
70.5 +9.6%. The postprandial biological value, representing the retention of absorbed N, reached 83.8 + 4.6%.

Discussion

This work constitutes the first determination of the nutritional value of rapeseed protein in humans. Using an intestinal
tube to quantify ileal N flow rates and "N-labeled protein to specifically measure the metabolic fate of the dietary N absorbed,
we showed that rapeseed proteins present a poor real ileal digestibility in humans (84%). This low bioavailability is
compensated for by an excellent postprandial biological value (84%), higher than that of milk protein, indicating that the
proportion of rapeseed derived-AA absorbed were only catabolized to a very limited extent. Taken together, these results
indicate a postprandial retention of rapeseed protein of 70.5%, comparable to that of other plant proteins.

The real ileal digestibility (RID) of the rapeseed protein isolate reached 84%, a low value when compared to the RID of
other plant proteins measured using the same methodology, which are all in the range of 89-91% (11-15), and to that of milk
protein (95%) (16, 17) or egg protein using “C-protein (94%) (I8). The RID of rapeseed was associated with broader
variations between subjects than the aforementioned protein sources. This was due in particular to one subject with an
extremely low RID of 65%.

Particular care was taken over preparation of the rapeseed protein isolate to avoid any drastic heat or alkaline treatment,
thus the low RID measured could not be linked to any drastic technological treatment. In fact, our results agreed with pig data
showing the lower apparent fecal digestibility of rapeseed protein than soy, and the lower true or real ileal digestibility
(80-88%) of rapeseed protein than other plant proteins such as gluten, soy or pea (7, /9-23). Rapeseed protein has also
demonstrated its poor digestibility in poultry (24), but not in rats (3). It is noteworthy that most of the animal studies used
non-dehulled, rich in lignin rapeseed, which could partly explain the low level of digestibility observed. However, in dehulled
rapeseed, proteins were still less digestible than soy protein (25). Thus, the low digestibility reported here probably resulted
from the presence of hydrolysis-resistant sequences in the rapeseed proteins, the nature of which is unknown.

Our findings confirm the hypothesis that rapeseed contains protein fractions particularly resistant to hydrolysis. Based on
the lower in vitro digestion of rapeseed protein vs. casein, it was hypothesized that pepsin may be less efficient on the highly
compacted structure of rapeseed protein (26). Our comparison of the electrophoretic profiles of ileal samples and the
corresponding ileal dietary N flux suggested that both the cruciferin fraction (o or B subunits, or their assembly into dimers)
and napin were resistant to proteolysis. However, it was difficult to interpret some bands because rapeseed protein and
endogenous protein, such as secretory IgG or pancreatic proteases have the same molecular weight. Our results therefore need
to be confirmed using an accurate, quantitative method to determine the nature of indigestible dietary protein fractions in the
ileum.

As a general rule, the globulin fraction of legume protein is seen to be more digestible than the albumin fraction (/4,
27-29). Our results indicate that the difference is probably less marked for rapeseed protein, the 12S and 2S fractions of which
may be resistant to digestion because of their very compact tertiary structure containing several disulfide bridges. An
improvement in rapeseed protein digestibility may be achieved by heating to increase protein denaturation and its
susceptibility to proteases, although this has not proved to be efficient in pigs (25).

Ingestion of the rapeseed protein isolate resulted in remarkably little deamination of dietary N, indicating that once
absorbed, the catabolism of AA derived from the diet was minimal. This value is the lowest ever observed when studying the
nutritional value of protein sources in humans: the deamination of dietary AA ranges from 16% (lupin) to 24% (wheat) (/2-15,
30). The lack of plasma AA increase and the moderate incorporation of dietary N into both plasma AA and plasma protein
after the rapeseed meal were consistent with the low deamination rate, as previously observed with milk protein compared to
soy protein (31).

From our results, it does not appear that digestion kinetics of rapeseed protein could explain the high rate of dietary N
utilization. It is more likely that the high rapeseed content in indispensable AA was responsible for its excellent postprandial
biological value. Indeed, methionine and cysteine levels are as high as 19 and 20 mg/g of rapeseed protein, respectively, which
is 80% higher than the limiting value for sulfur AA (met + cys = 22 mg/g protein) (8). This content is particularly high for
legume proteins, which are usually limiting or sub-limiting sources of sulfur AA. Of particular interest is the high rapeseed
cysteine content and the uncommon cys:met ratio of at least 1:1, comparable to that observed in egg protein. In growing rats,
with high sulfur AA requirements, rapeseed is consistently particularly appropriate as a protein source (2). Rapeseed proteins
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are thus promising, high-biological value proteins as a source of sulfur AA, which play a key-role for health, and notably
cysteine as a precursor of glutathione (32-34).

Overall, the NPPU of rapeseed was 70.5%, a score comparable to the lower range of other legume proteins, and higher
than that of wheat protein, a finding consistent with studies in the pig where rapeseed and soybean diets produce the same
range of N retention (5) and exhibit no differences in terms of weight gain and lean carcass (35). Interestingly, a soybean diet
produces lower fecal N losses but higher urinary N losses than a rapeseed diet, leading to the same overall N balance in pigs
(36), a finding in close agreement with our observations in man. In rat assays, rapeseed protein generated some of the highest
scores for plant proteins, being similar to beef and higher than casein (2, 3).

In conclusion, our study provides the first estimate of the nutritional quality of rapeseed protein in humans, achieved by
determining the real ileal digestibility (84%) and NPPU (70%) of a rapeseed protein isolate given in a mixed meal to healthy
subjects. Our findings show that this protein source could be of great interest to human nutrition. In particular, the high
postprandial biological value of rapeseed protein was remarkable, presumably due to the high levels of indispensable AA and
particularly sulfur AA, which exceeded those of all other legume proteins. An improvement in rapeseed digestibility, or the use
of hydrolyzed or partially hydrolyzed rapeseed protein, are developments which might enhance the value of this protein source
for human consumption.
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Abstract

Crude phenolic (CP) extracts from Cyclone canola hulls were extracted into 30 to 80% (v/v) aqueous acetone and 30-80%
(v/v) aqueous methanol and lyophilized. The 70% acetone and 80% methanol CP extracts were fractionated on a Sephadex LH-20
column into non-tannin and tannin fractions. The total content of phenolics in the prepared extracts ranged from 15 to 136 mg
sinapic acid equivalents per gram of extract. Higher level of condensed tannins were detected in the acetone extracts than in the
corresponding methanolic counterparts.  Lipoxygenase (LOX) activity was assayed colorimetrically by measuring the
conjugated dienes at 234 nm. The LOX inhibitory effect of CP extracts, ICsy, was expressed in mg extract required for a 50%
inhibition of LOX activity in the reaction mixture. The 70% acetone and 80% methanol CP extracts displayed markedly stronger
LOX inhibitory effects than any other CP extract investigated. The inhibitory effect of tannin fraction was over two times greater
than that of corresponding CP extract. Statistically significant (P<0.05) linear correlations were found between the ICs values and
total phenolic contents, the ICs, values and condensed tannin contents as well as the ICs values and protein precipitating potential
of CP extracts.

Key words: canola hulls, crude phenolic extracts, condensed tannins, lipoxygenase activity, inhibitory effects

Introduction

Lipoxygenase (LOX), when present in food, may contribute to the deterioration of food quality upon prolonged storage.
LOX catalyzes the oxidation of polyunsaturated fatty acids to hydroxyperoxides (Eskin ef al., 1977). These hydroxyperoxides
are generally unstable and decompose to form a number of secondary oxidation products, such as carbonyls, that are
responsible for off-flavors (Ridolfi et al., 2002). LOX inhibitory activity of phenols has been reported by a number of
researchers. Examples of these are studies on LOX inhibitory activity of resveratrol (Pinto et al., 1999), anacardic acid (Ha and
Kubo, 2005), octyl gallate (Ha et al. 2004), caffeic acid derivatives (Cho ef al., 1991) and orange peel phenolics (Malterud and
Rydland, 2000). The inhibitory effects of canola hull polyphenols on LOX activity is still not well documented.

Seeds of canola/rape contain 14-18% of hulls. Hulls may contain up 20% oil, 19.1% crude proteins [Nx6.25], 4.4%
minerals and 48% of dietary fiber. Other constituents include simple sugars and oligosaccharides, polyphenolics, phytates and
residual polar lipids (Naczk et al., 1994). Phenolic acids and their derivatives as well as soluble and insoluble condensed
tannins are the predominant phenolic compounds found in canola and rapeseed. Canola and rapeseed hulls have been
reported to contain up to 1000 mg of phenolic acids, from 89 to 1847 mg soluble condensed tannins and between 1913 and
6213 mg insoluble condensed tannins (Krygier et al., 1982; Naczk et al., 1994; Naczk et al., 2000). Therefore, the use of hulls,
after dehulling, as a potential source of natural antioxidants may provide means for their utilization. The objective of this study
was to investigate the inhibitory effects of phenolics extracted from Cyclone canola hulls on lipoxygenase activity.

Material and Methods

Cyclone canola hulls were prepared according to the procedure described by Sosulski and Zadernowski (1981). The hulls
were extracted for 12 h using a Soxhlet apparatus and dried at room temperature. Cyclone canola hulls were extracted twice at
room temperature into 30-80% (v/v) aqueous acetone or 30-80% aqueous methanol using a Waring Blender for 2 min at
maximum speed. The extracts were combined, the solvent was removed under vacuum at <40 °C, and then the crude phenolic
extracts were lyophilized.

The content of condensed tannins in the CP extracts was estimated by the modified vanillin assay (Price et al., 1978) and
expressed as mg catechin equivalents/g extract. The protein precipitation capacity of CP extracts was measured using the
dye-labeled protein assay of Asquith and Butler (1985) (2 mg dye-labeled BSA/mL) with modifications as described by
Naczk et al. (1996).

The lipoxygenase (LOX) activity was assayed colorimetrically as described by Liu and Pan (2004). The reaction mixture
consisted of 100 pL of 0.33 puL/mL arachidonic acid (suspended in  0.05M phosphate buffer pH 7.0 containing 0.4 pL/mL
Tween-20), 200 uL of Img/mL of soybean lipoxygenase (dissolved in assay buffer), 100 uL of methanolic solution of CP
extracts (0.2-1.2 mg/mL of CP extract) and 1.8 mL of assay buffer (0.05M phosphate buffer pH 7.0 containing 2 uM/mL of
glutathione and 0.4 pL/mL of Tween-20). The reaction mixture was incubated at 20 °C for 6 min. The absorbance at 234 nm
was read at 30 sec intervals. The inhibitory effect of phenolics on LOX activity was expressed in ug of CP extract/assay
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required to reduce the LOX activity by 50%.

Statistical analysis of data was carried out using the SigmaStat v.3.0 (SSPS Science Inc., Chicago, IL, USA). Each extract,
for the purpose of statistical analysis, was referred to as treatment. The statistical analysis of all treatments was perfomed using
the ANOVA test. In addition, the t-test was employed among the treatments when a statistically significant difference (P<0.05)
was found using the ANOVA test. The results presented in tables are graphs are mean values of at least three experiments.
Treatments followed by the same subscript letter in a tables are not significantly different (P>0.05; t-test).

Results and Discussion

The crude extracts of phenolics from plant material are complex mixtures of phenolics with different molecular
structures. Phenolic acids and condensed tannins are the predominant classes of phenolics found in seeds of canola and rape.
Therefore, the Folin-Denis, vanillin and proanthocyanidin assays were selected for estimation of the content of phenolics in
CPextracts. Table 1 summarizes the total phenols and condensed tannin contents in canola hull crude phenolic (CP) extracts.
The total phenolics content in the CP extracts was between 15.1 and 103.8 mg sinapic acid equivalents/g of extract, while the
content of condensed tannin (as determined by the vanillin assay) ranged from 3.5 to mg/g extract (for 30% v/v MeOH) to
238.0 mg/g extract (for 80% v/v acetone). The acetone-water solvent systems were more efficient for extraction of phenolics
than corresponding methanol-water solvent systems. Of these, 70 and 80% (v/v) acetone was the most effective solvent for
extraction of canola hull phenolics.

Table 1 Total Phenolics and Condensed Tannins Content in Canola Hull Extracts

Solvent Methanol Acetone

System

[Yoviv] TP VAN PROANTH TP VAN PROANTH
30 15.1£0.1 3.5+0.6 16.8£1.0 21.240.2 10.8+0.1 329+£2.0
50 23.940.2 4.440.2 25.0+0.6 41.5+0.3 40.1+1.4 95.3+£2.0
70 36.5+0.6 6.940.2 414409 94.3£3.0 127.0+£2.5 2244492
30 40.440.2 6.0+0.2 45.6+1.6 103.8£2.7 238.0+5.3 296.9+8.6

TP- Total Phenolics by the Folin-Denis assay; units mg sinapic acid/gram of extract; VAN - condensed tannins by the
vanillin assay; units are in mg canola tannins/ gram of extracts; PROANTH —condensed tannins by the proantho-cyanidin
assay; units are in absorbance units/ gram of extract.

A number of methods have been developed for estimation of protein-precipitating potential (PPP) of plant-based phenolic
extracts. Of these the dye-labeled protein assay of Asquith and Butler (1985) was selected for determination of PPP of CP
extracts. The assay measures the amount of protein precipitated by phenolics. The PPP of CP extracts was expressed as a
slope value of line depicting the amount of protein-phenolic complex precipitated as a function of the amount of
extract added to the reaction mixture

(Naczk et al., 2001). Table 2 summarizes the PPP of CP extracts and inhibitory effect of CP extract on the LOX activity.
Acetone—based CP extract displayed stronger affinity for proteins than those of corresponding MeOH extracts. According to
Porter and Woodruffe (1984) the ability of phenolics to precipitate proteins depends on their degree of polymerization.
Furthermore, the acetone-based CP extracts also had a stronger inhibitory effect on LOX activity than those of corresponding
MeOH extracts. This may be brought about by the differences in total phenolics and condensed tannins contents, as well as by
the diversity in molecular structures of phenolics present in CP extracts.

Table 2. Protein precipitating potentials and inhibitory effects of canola hulls phenolic extracts on LOX activity

Solvent Methanol Acetone

System

[Yov/v] DPL 1Cs DPL 1Cs
30 0.7 2867 - 2352
50 24 2224 34 1526
70 3.0 1681 9.5 838
80 43 1267 9.7 735

DPL -the dye-labeled protein assay; units: %oprecipitated proteins/g extract

ICsy - ug of extract/assay required to reduce the LOX activity by 50%.

Statistically significant correlations (power function) existed between the LOX activity and the total phenolics and
condensed tannins content as determined by the proanthocyanidin and dye-labeled protein assays (Figure 1). These
correlations suggest that condensed tannins contribute significantly to the inhibitory effects of CP extracts on the LOX activity.
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dye-labeled protein assays on the LOX activity.
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Abstract

According to the increase of rapeseed oil for human consumption in France, the linolenic acid content (C18:3 n-3) of 9% is
required. The authors brink their contribution to understand the fluctuation of this criteria. Genetic effects were underlined and
could be used for recommended list of varieties. Locations induced also high fluctuations. On this point, in relation with the
accumulation of the fatty acids in the seed during an early sensitive window, the authors demonstrated that the most important
criteria was the cumulated minimum temperature during a sensitive period of 60 days (flowering to flowering + 60 days).
The model identified that to reach the higher value (i.e. > 9% of C18:3), the cumulated minimum temperature needs to be below
450 °c base 0). The model was established during two years (2004 and 2005), and tested in 2006. The application of such a result
could be to predict before harvest the average value for the linolenic acid content and to advise for dedicated the seeds from one
area to special use for labelled oil with a linolenic acid certificated over 9%.

Key words : oil, linolenic acid, accumulation, prediction

Introduction

Following the studies conducted on oilseed rape, there is now evidence that the rape oil get really an interest for human
consumption and mainly in prevention of heart attacks and in reducing cholesterol levels in blood. This quality is mainly
related to fatty acids profiles and especially in the linolenic content (C18:3, omega 3) of the oil.

According to a survey conduct in France, we identified a fluctuation of these criteria. The data published in the codex
alimentarius indicate an average value of 9%. Our results bring a contribution to understand the mains factors involved and to
help the crushers to select varieties and/or locations to collected seed according to the requirement of the market. For example,
some oils crushers developed a market for rape oil certificated at 9% of C18:3.  Previous results obtained by Izquierdo and al.
(2002) on sunflower indicated that the most important criteria to explain the fluctuation of fatty acid in the oil was the
night temperature during an early sensitive period taking place 10 days after anthesis (DAA) to 30 DAA. Using this
threshold, Merrien and al., (2005) put evidence that it was possible to explain the variation of fatty acid composition in
sunflower oil according to different location in France. A strong correlation was obtained between the minimum temperature
during this period and the fatty acid content in the oil. The greatest were the values, the highest was the oleic content. The
model was valid for conventional type as for oleic type.

Tremolieres (1978), Deng and Scarth (1998) demonstrated also the strong effect of temperature on fatty acids equilibrium.
Champolivier and Merrien, (1993) show that the most active period for fatty acid accumulation in the rape seed take place
during 60 days after anthesis 60days.

Materials and methods

We collected during 3 years (i.e : 2004, 2005 and 2006) samples from fields plot experiment through 3 locations in
France : the East (Nancy), the Centre (Bourges) and the Atlantic border (Surgéres). Those samples included each year a
panel of the most important varieties grown in France.

For each sample (varieties/years/locations, we check the growth stages (mainly anthesis). The climatic datas was
collected from the nearest climatic stations. According that night values was not available, we set up the hypothesis that the
minimum temperature was the night one. The cumulative values, day by day, was calculated during the sensitive period
(during 60 days after anthesis - DAA).

The fatty acids profiles were check by gas chromatography following the ISO method (NF EN ISO 5508).

Results

Interrelation between fatty acid in the oil

From our data set, the fluctuation of oleic content range from 59 to 68% of the total fatty acid content in the oil. As far as
linolenic fraction is concerned, the fluctuations range from 11 down to 6 %. The figure 1 indicated the inverse relation
between the main fatty acid composition in 2004: as the oleic fraction increase, the linoleic (C18:2) and the linolenic (C18:3)
fraction decrease. The same figure was obtained for 2005 and 2006.
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Figure 1: Relations between the3 main fatty acid content in the rapeseed oil collected from different location in 2004.

Variations according to genotypes

The table 1 summarized the results obtained during the 3 years for the most important varieties in the data set. We
identified for example that the profile for variety Pollen was lower for C18:3 compared to the others genotypes (around 2%
less). Those results indicated also a strong variation for the same genotype from one year to another.

Table 1: C18:3 values (in % of total fatty acids) for the most important varieties during three years.

Varieties 2004 2005 2006
Aviso 103 10.1 8.6
Banjo 99 9.8 -

Campala 9.1 8.6 7.6
Grizzly 9.2 9.8 8.6
Pollen 6.8 72 -
Expert 83 85 -
Exocet - - 8.5
Quattro - - 7.1

Exagone 9 9.7 7.6

Location effect

In 2004, (Table2) the seeds collected in the East area get oil with ~ a higher content in C18:3.
In 2005, the best composition was obtained with the seeds from the Centre of France and in 2006 it was with the seeds
from Atlantic border.

Table2: C18:3 average values (in % of total fatty acids) in 3 locations for the most important varieties during three years.

Location 2004 2005 2006
Atlantique border 74 9,1 8.6
East 9.5 89 7.7
Centre 89 9,6 7.8

Those results clearly indicated that the genotype effect, allied to the location were not the good criteria for explaining the
fluctuation of the oil content in linolenic acid.

Effect of low temperatures

For each samples, we calculated the cumulated minimum temperatures during the sensitive period.

The figure 2 illustrated all the results obtained during 3 years for the 3 locations. In order to prevent from too strong
genotype effect, we don’t take into account the values for Pollen. There is a clear evidence of the relation between the low
temperature during the sensitive period and the final content in linolenic acid of the rapeseed collected. If 9% value is expected
in the oil for C18:3 content, this will be obtained through locations or years where the cumul of the low temperatures during
60 days after anthesis will be below 450°C. Over this threshold, the linoleic content will decrease, mainly by increasing the
oleic and linoleic fraction, as indicated in figurel.
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Figure 2: Relations between the cumulative minimum temperature 60 DAA (days after anthesis) and the C18:3 content in the rapeseed oil
collected from different location over 3 years.

Discussion

Among the factors involved in fluctuation of fatty acid quality in oilseed rape the climatic conditions explain the difference between year and location. To secure
a 9% threshold, crops needs to be grown in area with low temperature : no more than 450°c minimum temperature cumulated during 60 days after
flowering.

The linear model fits quite well with the data. The fluctuation around the curve could came from climatic datas : variation could be obtained between the
location of the climatic station and the field plots.

Nevertheless, with such a model, crushers could selected one month before harvest the best area where the  threshold will be below 450°c. In this case, they
could get a high probability to collected seeds with oil content in C18:3 over 9 %.
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Abstract

Glucosinolates are amino acid derived allelochemicals characteristic of plants of the order Capparales. These compounds are
present in seeds of agriculturally common Brassica crops in varying amounts and mixture profiles depending on the plant species.
Glucosinolates are hydrolysed by endogenous enzymes (myrosinases; EC 3.2.1.147) and a variety of biologically active products
are produced, with different structures depending on the parent glucosinolate and the reaction conditions. Isothiocyanates and their
derivatives (e.g.  oxazolidine-2-thiones), nitriles, epithionitriles, and the different products derived from
indol-3-ylmethylglucosinolates have fungicidal, nematocidal and herbicidal effects and therefore their potential use as
biodegradable natural products for crop protection has attracted much attention in the last years. In the present study, we have
evaluated the effects of some glucosinolate transformation products on a number of plant pathogenic fungi. Different
concentrations of glucosinolate hydrolysis products both individually and in combination were tested. All glucosinolate products
were active against the different fungi and active concentrations ranged from 10 pM to over 10 mM. Glucosinolate products were
shown to be specific depending on the fungi tested; therefore the targeted control of plant pathogens through the use of
glucosinolates is possible. The use of glucosinolate concentrates or isolates could furthermore contribute to increase the value of
the Brassica seed meal.

Introduction

Glucosinolates are a group of allelochemicals with well defined structures (Serensen, 1990, Serensen, 2001; Bellostas et
al., 2007) characteristic of plants of the order Capparales. More than 140 structurally different glucosinolates are known
(Bellostas et al., 2007) and about 10% are present in seeds of agriculturally common Brassica crops, although in varying
quantities depending on the species (Bellostas et al., in press). The use of the remaining seed cake after oil extraction has
traditionally been limited by the concentration of these compounds (Bellostas et al., this conference), however, the extraction
of glucosinolates from seed meal is nowadays possible and it further contributes to an increased quality of the seed meal for
feed (Bagger et al., this conference). Glucosinolates are hydrolysed by endogenous enzymes (myrosinases; EC 3.2.1.147) and
a number of compounds are produced depending on the parent glucosinolate and the environmental conditions (Serensen,
1990, Bellostas et al., 2007). Among these compounds, 5-vinyl-oxazolidine-2-thione is known for their antinutritional effects
on monogastric animals, whereas isothiocyanates are fungicidal, nematocidal and herbicidal (Brown and Morra, 1997).
Isothiocyanates are very reactive compounds that can easily react with nucleophiles present in the environment, such as free
amino groups or thiol groups. Their reaction with free amino groups gives rise to thioureas, whereas reacting with thiol groups
produces dithiocarbamates (Figure 1). At acidic pH and in the presence of redox co-factors such as Fe*', glucosinolate
hydrolysis yields also nitriles, epithionitriles and thionamides (Bellostas et al., this conference), which are more hydrophilic
and stable than isothiocyanates (Serensen, 1990). The possibility for using glucosinolates as precursors for environmental
friendly biocides therefore exists and it could contribute to increase the value of the Brassica seed meal.
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Figure 1. Hydrolysis of glucosinolates by myrosinase gives rise to a number of degradation products. Isothiocyanates are very reactive
compounds and their reaction with nucleophiles gives rise to dithiocarbamates (reaction with thiol groups) and thioureas (reaction with free
amino groups).

Materials and methods

Glucosinolates and myrosinases were isolated by laboratory standard procedures as well as in pilot plant scale (Bagger et
al,, this conference). Isothiocyanates and oxazolidine-2-thiones were prepared by hydrolysis of the corresponding parent
glucosinolates in 100 mM phosphate buffer pH 6.5. Thioureas were produced by allowing the corresponding isothiocyanates
to react with ammonia in an ethanol solution. Concentration and purity of these compounds was determined
spectrophotometrically and by capillary electrophoresis. Nitriles were purchased from Sigma-Aldrich (St. Louis, MO). The
compounds were diluted in an emulsion of hydrolysed rapeseed oil (Serensen, 2001) and afterwards added to cooled (50-60°C)
PDA medium (0.5 % v:v). Different formulas were developed, including the compounds individually and in combination.
Pseudocercosporella herpotricoides, Botrytis cinerea, Rhizoctonia solani, Fusarium oxysporum Aphanomyces euteiches var.
pisi, Gaeumannomyces graminis var. tritici and Verticillium dahliae were the fungi chosen due to their economic importance.
Control Petri dishes consisted of the PDA medium with emulsion (0.5% v:v). The tests were performed at the Danish Institute
of Agricultural Sciences at Flakkebjerg, at Grent Center in Holeby and at Inabonos, Spain following their standard methods.

Results and discussion

The glucosinolate hydrolysis products tested showed very different inhibition potential depending on the fungi and the
structure of the degradation compounds, both regarding their side chain but also in relation to the type of degradation product
(isothiocyanate, nitrile or thiourea). Figure 2 shows an example of how a single fungus (Pseudocercosporella herpotricoides)
was differently inhibited by six types of degradation products, three nitriles (left) and three isothiocyanates (right). The side
chains of these compounds correspond to three different parent glucosinolates: sinigrin (prop-2-enylglucosinolate),
glucotropeolin (benzylglucosinolate) and gluconasturtiin (phenethylglucosinolate). Sinigrin is the dominant glucosinolate in
Brassica mustards (B. nigra, B. carinata and B. juncea), in which it can be present in concentrations of up to 200 umol g dm’
(Bellostas et al., in press).
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Figure 2. Effect of allyl, benzyl and phenethyl nitriles (left) and isothiocyanates (right) on Pseudocercosporella herpotricoides, a wheat
soil-borne pathogen.

The three nitriles tested showed much lower activity than the isothiocyanates, as the concentration needed to inhibit the
growth of the fungus was up to 10 times higher. Both the nitrile and the isothiocyanate derived from the allylglucosinolate
showed the lowest inhibition potential of the fungus, whereas the nitrile and isothiocyanate from phenethylglucosinolate
showed the highest inhibition potential. Benzyl nitrile and —isothiocyanate showed an intermediate activity, closer to that of
phenethylglucosinolate derived products, as the structure of its side chain is very similar to this glucosinolate (Table 1).

Table 1. Semisystematic name and structure of side chain of the three glucosinolates tested against Pseudocercosporella
herpotricoides (Figure 2).

Glucosinolate name Structure of side chain

Prop-2-enylglucosinolate CH,= CH—CH,—

Benzylglucosinolate Qicmi
Phenethylglucosinolate QCHZ CHy—
Conclusions

The glucosinolate hydrolysis products tested showed a high degree of specificity, being very toxic against some targets,
while innocuous towards other organisms. This can be explained by the fact that high hydrophobicity of the side chain of a
compound can confer it the ability to penetrate membranes. The possibility therefore exists for a selective control of plant
pathogens while respecting the non-target organisms. Despite their lower toxicity compared to isothiocyanates, nitriles are
generally more soluble in water, which may allow them to persist longer in soils. Nitriles are produced at low pH and in the
presence of thiol groups and ferrous ions, which can be quite common in soils, therefore, the role of nitriles in biofumigation

should also be considered.
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Abstract

A pair of near isogenic yellow/black seeded rape (Brassica napus ) were used as experimental materials to study the changes
of lignin contents and enzymes activities of 4-coumarate: CoA ligase (4CL), Cinnamy] alcohol dehydrogenase (CAD) and ferulate
S-hydroxylase (F5H) in seed coat during seed development. The results showed that the changes of lignin contents and enzyme
activities of 4CL, CAD and F5H in seed coat had significant differences between black- and yellow-seeded rapes, and also
between different development stages. Correlation analysis demonstrated that the lignin contents were positively related to the
activities of all three enzymes investigated in the study, and the interactions between them in the seed coat of the two lines. For
yellow-seeded rape, except the correlation coefficient of lignin content and 4CL was not significant, the other correlation
coefficients were significant or even highly positively significant. For the black-seeded rape, only the lignin content was highly
positively related to the activity of FSH, the other correlation coefficients were not significant. It is suggested that 4CL, CAD and
FSH regulate the biosynthesis of lignin in the seed coat of the rapes, leading to the lignin contents in the seed coat of the
yellow-seeded rape much lower than that of the black-seeded line, and affecting the thickness of seed coat in rapes.

Key words: Brassica napus, Lignin contents, 4CL, CAD, F5SH

Introduction

The yellow-seeded rape has been one of the major foci in breeding research. Because yellow-seeded rape has lower
seed coat ratio, higher oil content and more transparent oil than their black-seeded counterpart. However, it is hard to obtain
genetically stable and true breeding lines of yellow-seeded types in B. napus. In recent years, great attentions have been paid to
the mechanisms of its seed coat formation. Previous studies have shed light on the understanding of the biochemical
mechanism of seed coat formation in yellow-seeded rapes. It has been found that polyphenols, anthocyanin, flavonoid and
melanin contribute to the color and lustre in seed coat of black- and yellow-seeded rapes (Ye et al., 2002), and it is implied that
anthocyanin and flavonoid were break down or transformed into the precursors of melanin biosynthesis during the late stage
of the seed development(Ye et al., 2002).

It is well known that related substrates and enzymes are required for the pigments biosynthesis, and the enzymes of
polyphenol oxidase (PPO) and phenylalanine ammonia-lyase (PAL) in seed coat were found to be very important effect on the
forming of the seed color of rapes (Wang et al., 1991; Ye et al., 2001, 2001); and it was implied that PAL, PPO and peroxidase
(POD) affected the thickness of the developing seedcoats in rape by regulating the biosynthesis of lignin (Liang, et al., 2004).

Lignin is a complex polymer formed by the oxidative polymerization of hydroxycinnamyl alcohol derivatives termed
monolignols, and 4CL, CAD and F5H were believed to be key enzymes involved in lignin biosynthetic (Boudet et al., 1995;
Baucher et al., 1998). It was reported that lignin was one of the key factors that lead to the lower coat ratio in the seed coats of
the yellow-seeded rape than that of the black-seeded rape (Liang et al., 2002). In order to explain the different roles of
enzymes played in the leading of lower lignin contents in the seed coats of the yellow-seeded rape, and to better understand the
mechanism of seed coat character’s formation of yellow-seeded and black-seeded rapes with attempt to provide the theoretical
assistance for the yellow-seeded rape breeding, the lignin contents and the three key enzymes activities were investigated, and
the changes of lignin contents, related enzymes activities of 4CL, CAD and F5H were analyzed in seed-coats during seed
development between black- and yellow-seeded rapes by near iso-genic lines.

Materials and Methods

A pair of near iso-genic line of rapes (Brassica napus), L1 (black-seed) and L2 (yellow-seed), were the descendants
derived from the cross combination of Brassica napus and Brassica juncea. In 1995, an individual plant of black-seeded
rapeseed was identified in the tenth progeny of the yellow inbred lines, which was identical to the yellow seeded one in both
growth and appearance. The desirable plants were obtained in the third generation of the black inbred line by inbreeding the
black-seeded individual plant, which was identical to the yellow seeded one except that the seed color was black. The stable
inbred lines of black and yellow seeded rape seeds formed the near-isonegic pairs. In order to maintain genetic consistency of
the near iso-genic lines, the offsprings were preserved by using the black-seeded individual plant as recurrent parent and
adopting the BC; and F;. The seed coats were sampled at 20, 25, 30, 35, 40, 45d till to the full maturation of seed at 50d after
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flowering. All the analyses were performed in triplicate. The triplicate of L1 was marked L1-1, L1-2 and L1-3, and that of L2
was marked L.2-1, L2-2 and L2-3.

Lignin contents were analyzed according to previously described protocols (Xing, 1981). Dried seed coats (0.5 g) were
used for the analysis. After removing the concomitants, the lignin was oxidized by the K,Cr,0; with the H,SO,.

Enzyme extraction and the enzymes activities assays: the enzyme extraction was using 0.1 mol L-1 Tris-HCI buffer (pH
7.5; 20 mmol L™ mercaptoethanol; and 5% [w/v] polyvinylpolypyrrolidone), protein concentrations were determined using
the Bio-Rad reagent (Bradford, 1976). 4CL activity was measured at room temperature by spectrophotometric assay to detect
the formation of CoA esters of p-coumaric acid (Knobloch et al., 1977). CAD activity assays were carried out following
Abbott’s protocol (Abbott et al., 2002) with some modification. For F5H activity was determined by a NADPH regenerating
system (Humphreys et al., 1999).

The data was analyzed with the DPS statistical software.

Results

As showed in Fig.1, the lignin contents reached to its maximum level when the seeds had grown for 40 days in the 2 lines
of rapes. The maximal lignin content of the black-seeded rape was 13.56% while that of the yellow-seeded rape was only
4.92%. When the seeds nearly got ripen at 50 days, the lignin content of the yellow-seeded rape (3.15%) was a little higher
than that (2.41%) in the early seed development stage, but that of the black-seeded one (13.32%) was much higher than that
(5.94%) in the carly stage.
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14 - —O—Black
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ACL activities (U/mgPro)
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Fig.1 Changes of lignin content in seed coat Fig.2 Changes of 4CL activities in seed coat

The changes of 4CL activities in seedcoats of the yellow-and black-seeded rapes were shown in Fig.2. In general, the
4CL activities of the two species increased at first, then decreased and increase again. The change of black-seeded rape is
sharper than that of the yellow-seeded one. Enzyme activity of black-seeded reached its maximum level (38.09 U mg 'Pro) at
40 days, and that of yellow-seeded one reached the maximum (6.10 U mg™Pro) at 35 day. The black one reached the second
peak (29.55 Umg 'Pro) at 30 days.

As showed in Fig.3, CAD activities of the two species firstly rose, and reached maximum at 40 days (Yellow-seeded rape:
0.2290 U mg-1Pro, Black-seeded rape: 1.4083 U mg-1Pro), then fell. But the enzyme activities of the black-seeded one
increase significantly at 30 days and then dropped suddenly after reached its maximum; however the enzyme activity of the
yellow-seeded rapes had two peaks including the maximum peak value, and begun to increase 5 days latter than the black one
(Fig.3).

Fig. 4 demonstrated the changes of FSH activities in seedcoats of yellow-seeded and black-seeded rapes. The patterns of
the F5H activity of the two NILs were different. The activity of FSH in the black-seeded rape reached its peak (1.8119 U "mg
Pro) at 45 d while it reaches its peak at 40 days in the yellow one (0.2285 U mg-1 Pro).

As showed in table 1, in the seedcoats of the yellow-seeded rape, besides the correlation coefficient (0.4964) of lignin
content and 4CL activity was not noticeable, the correlation coefficient (0.7262) of lignin content and the interaction between
4CL and F5H was noticeable, and the lignin contents were marked positive correlative to the activities of CAD and F5H, the
interaction between 4CL and CAD, and the interaction between CAD and F5H in seedcoats of the yellow-seeded rape, the
correlation coefficients of them were 0.9213, 0.9150, 0.8907, and 0.9214 respectively.

As showed above in table 2, in the seedcoats of the black seeded rape, only the lignin content was noticeable correlative
to the activity of F5H, and the correlation coefficient was 0.772949, the other correlation coefficients of lignin contents to 4CL,
CAD activities, the interactions between the three enzymes were 0.672363, 0. 541259, 0.503105, 0.703452, and 0.531204
respectively, they were not noticeable, but they all were above 0.5000.
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Table.1 The correlation coefficients of lignin contents, 4CL, CAD and F5H activities in seed coat of yellow- seeded rape

fo‘érf‘glc‘jte‘r‘l’t‘; 4CL CAD F5H 4CLxCAD 4CLxFSH CADx F5H cﬁiﬁ’e‘;‘; S“‘T’:;gf:"t
4CL 1.0000 03725 0.5808 0.6869 0.8997 0.3648 0.4964 02571
CAD 03725 1.0000 0.8327 09124 0.6565 0.9601 09213 0.0032
FSH 0.5808 0.8327 1.0000 0.8576 0.8522 0.8834 0.9250 0.0028
4CL x CAD 0.6869 09124 0.8576 1.0000 0.8833 0.9106 0.8907 0.0071
4CL x F5H 0.8997 0.6565 0.8522 0.8833 1.0000 0.7069 0.7620 0.0465
CAD x F5H 03648 09601 0.8834 09106 0.7069 1.0000 09214 0.0032
Lignin contents 0.4964 09213 0.9250 0.8907 0.7620 09214 1.0000 1E-08

Table.2 The correlation coefficients of lignin contents, 4CL, CAD and F5H activities in seed coat of black- seeded rape

g;‘;g‘szr‘l’t‘; 4cL CAD FSH ACLxCAD 4CLxFSH CADx FSH cﬁlﬁ:ﬁ; S“ﬂzlcsam
4CL 1.0000 0.6782 0.6278 0.6998 0.7770 0.6880 0.6724 0.0980
CAD 0.6782 10000 0.6424 0.9774 0.8359 0.9719 0.5413 0.2096
F5H 0.6278 0.6424 10000 0.6259 09133 0.6889 0.7729 0.0416
4CL x CAD 0.6998 09774 0.6259 1.0000 0.8645 0.9951 0.5031 0.2498
4CL x FSH 0.7770 0.8359 09133 0.8645 1.0000 0.8999 0.7035 0.0778
CAD x FSH 0.6880 0.9719 0.6889 0.9951 0.8999 1.0000 0.5312 02199
Lignin contents 0.6724 0.5413 0.7729 0.5031 0.7035 0.5312 10000 1E-08

Discussion

The seed coat color development are well documented (Ye et al., 2002, 2002), some enzymes involved in pigment
biosynthesis have also been reported (Wang et al., 1991; Ye et al., 2001, 2001); it is reported that the lignin was one of the key
factors that leaded to the lower coat ratio in seed coats of the yellow-seeded rape than that of the black seeded one (Liang et al.,
2002), and it was implied that PAL, PPO and POD affected the thickness of the developing seedcoats in rape by regulating the
biosynthesis of lignin (Liang, et al., 2004). 4CL, CAD and F5H are considered as key enzymes participating in lignin
biosynthesis (Liang, et al., 2004). Therefor, it was anticipated that the lignin components might be different between yellow-
and black-seeded rapes, and the S/G of the yellow-seeded rape were lower that of the black one, the activity of 4CL caused
great difference in lignin contents, it was CAD and F5H leaded the quantitative difference of G- and S- monolignol between
yellow- and black-seeded rapes. So, it was feasible to change the seedcoat ratio by over expressing or suppressing the activities
of theses three enzymes or one of them. Whether the difference of the enzymes in the two species was due to DNA or RNA or
even protein changes is still unknown, it needs to be further investigated by utilizing molecular biology or biotechnology
techniques.

Hence, it is necessary to investigate the lignin biosynthesis, this is useful not only for elucidating the characters of the
seed coat of rapes, but also the lignin biosynthetic mechanism in various cell types, tissues and organs of different genetic
rapes. It is feasible to cultivate new kinds of rapeseed, which can not only provide more qualified oil but also become more
adaptive to kinds of stresses by bioengineering methods in combination with conventional breeding techniques.
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Abstract

Plant sterols have gained lot of interest in recent years. It is mainly because of their cholesterol-lowering effect in human
blood serum, therefore they are used as active compounds in medicaments for cardiovascular diseases. Various other important
applications, for example cure for some forms of cancer, are also known. Sterols are not only manufactured as medicaments but
also as active ingredients in various functional foods. There’s an ongoing search for rich sources of natural sterols. Sterols from
wood industry’s tall oil and soya oil deodorisation destillate have mostly been used so far. The obtained data could be used to
acknowledge rapeseed not only as a good source of o0il and animal feed but also for bioactive compounds.

The goal of our research was to determine the phytosterol and tocopherol level in locally grown rapeseed oil to evaluate its
potential as a valuable source for bioactive compounds besides healthy food component. Moreover, the object of this study is to
investigate the effect of various factors on the content and composition of said compounds.

Key words: rapeseed oil, fertilizers, sterol, tocopherol.

Introduction

Rape (Brassica napus L.) is now the third most important source of vegetable oil in the world. While the growing area of
rapeseed in Estonia has increased tremendously in last two decades, yields have remained relatively low. Low yields are
mainly due to misjudgements in agrotechnical principles (Kaarli, 2004).

Rapeseed is getting more popular among Estonian farmers besides linseed, hempseed and golden flax. Its agronomic and
economic value is widely known. Besides two main products, oil and meal, rapeseed is also good source of bioactive
compounds — phytosterols and tocopherols, containing about 0,5-1,2% of them in oil. It is well-known fact that the main sterol,
sitosterol has cholesterol-lowering effect in blood serum and is therefore used as active compound in treatment of
cardiovascular diseases. Numerous other medical and non-medical properties are also known (Moreau ef al., 2002; Quilez,
2003). Tocopherols are widely recognized as naturally occurring antioxidants. There’s a everlasting search for rich sources of
natural bioactive chemicals. Sterols from wood industry’s tall oil and soya oil deodorisation destillate and tocopherols from
various oilseeds have mostly been used so far.

Various scientists have analyzed the sterol composition of rapeseed oil but only few articles have been published on
different factors affecting the sterol composition in plants. The obtained data could be used to acknowledge rapeseed not only
as a good source of oil and animal feed but also various bioactive compounds. Nevertheless, lot of authors have mentioned
that genetic backround, fertilization, weather parameters, growing medium as well as some oil refining steps could have
possible effect on sterol content and composition. Therefore, information about the phytosterol and tocopherol content in local
rapeseed oil is needed and due to emergence of many small-scale cold-pressing oil enterprises where the origin of the seeds
could be detected, this information becomes more important.

The goal of our research was to determine the phytosterol and tocopherol level in locally grown rapeseed oil samples to
evaluate its potential as a valuable source for bioactive compounds besides healthy food component. Moreover, the object of
this study is to investigate the effect of various factors on the content and composition of said compounds.

Materials and Methods

In order to investigate the phytosterol and tocopherol content in oil of samples, cultivars were used from field trials at the
Department of the Field Crop Husbandry at EMU and also National Testing Centers (3). Samples of other oilseeds were
from trial fields of Jogeva Plant Breeding Institute. For the the analysis of different fertilizers, the trial was carried out in 4
replications and the size of plots was 10 x 1 m. The soil type was pallescent soil LP (Kolli & Lemetti, 1994), a glossisol by
FAO classification and a Stagnic Luvisol by WRB classification (Deckers et al., 1998). The trial soil was neutral — pHgc 6.2;
humus 2.4%, available phosphorus 77.7 mg kg (AL); mobile potassium 169.8 mg kg (AL); calcium 5,648.0 mg kg,
sulphur 13.5 mg kg™ of the soil. The field was fertilized with mineral complex granular combined fertiliser OptiCropNPK
21-08-12-S-Mg-B-Ca, calculating 120 kg of the active substance agent of nitrogen per hectare. In variants different
microfertilizers were used.

Sterol analysis. Method for phytosterol analysis was worked out by using and optimising analytical steps known from
literature. Total sterols and sterols in free form were determined. For quantification of sterols, internal standard method was
used. Sterol content and composition was detected over a 3-year period (2001-2003) and 6 different microfertilizers were used
as variants. Three major sterols (jB-sitosterol, campesterol, brassicasterol) which take up about 90% of all the plant sterols in
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rapeseed oil, were determined. As sterols occur in vegetable oils in free form or bound with fatty acids, the amount of both
forms was calculated.

Sample treatment. For total sterol analysis, the dried seeds were cold-pressed and oil samples (each 500 mg) were taken
in 3 replications. 200 ul of internal standard solution (500 mg of cholesterol in 100 ml ethanol) was added. After addition of
0.5 ml KOH solution (60% in water) and 4.5 ml ethanol, the oil samples were hydrolyzed for 45 minutes at 70 °C. Then 3 g of
silica was added and the reaction mixture was evaporated to dryness. 1 g of Na,SO,, 1 g of silica and 3 g of silica with the
sample were loaded onto glassfilter and eluated with 20 ml of ethyl acetate/diethyl ether mixture (1:1). The solvents were
evaporated, 1 ml of dichloromethane was added. 1 pl of sample mixture was injected into gas chromatograph.

For analysis of tocopherols and sterols present in free form, oil samples of 250 mg were taken. 200 pul of cholesterol in
ethanol and 3 ml of dichloromethane were added. 10 ml solid-phase extraction (SPE) cartridge, filled with 30 um silica, was
conditioned with 10 ml hexane/ethyl acetate mixture (80:1) and 3 ml of sample was loaded. Then, the cartridge was eluted
with 20 ml hexane/ethyl acetate mixture (80:1), 30 ml (20:1) and finally the sterol fraction was collected with 20 ml
hexane/ethyl acetate mixture (3:1). The solvents were evaporated, 1 ml of dichloromethane was added. 1 pl of sample mixture
was injected into gas chromatograph.

Gas chromatography. GC analysis was performed on HP5890 instrument, using 25 m x 0.25 mm, i.d. 0.22 um, BP-5
fused silica capillary column. Nitrogen was used as carrier gas. The temperature was 300 °C, total time 20 min. Injector 300
°C, flame-ionization detector 340 °C.

Results and discussion

Various rapeseed varieties from national testing centers and also from the trial fields of Estonian University of Life
Sciences were used. Method containing oil sample clean-up and subsequent quantification by gas chromatography was
worked out. Also the precision of sterol analysis was evaluated.

The limit of detection (LOD, S/N ratio > 3) and limit of quantification (S/N ratio > 10) were determined on the basis of
sitosterol. LOD of the GC signal of sitosterol was 5 pg/ml and LOQ was fixed at 62 pg/ml. The average sitosterol content that
was determined over a 4-month period twice a week, was 396.9 mg/100 g oil (relative standard deviation 1.09%), average
campesterol content was 315 mg/100 g oil and 81.1 mg for brassicasterol, relative standard deviations were 1.15% and 1.17%,
respectively.

Different seed samples were further characterized by their oil phytosterol content. In present research the effect of
weather and fertilizers on plant sterol content and composition was evaluated. The total sterol content of oil samples varied
between 5220 and 6550 mg kg™, the main sterol being B-sitosterol followed by campesterol and brassicasterol.

The amount of sterols present is decided by the intensity of their biosynthesis and their role in the plant cell. Free sterols
are present in cell membrane bilayer where they regulate the fluidity of the membrane and therefore also the transport of
different compounds through the cell. Steryl esters are probably the deponated forms of sterols inside the cell. It is also known
that plants use phytosterols for adaptation to different temperatures (Piironen et al., 2000).

12000

10000

8000 +

@ steryl esters
6000 -

O free sterols

mg kg-1

4000 -

2000 - 3668 2769 4408

0

2001 2002 2203

year

Fig. 1. The sterol content (as free sterols and steryl esters) of the oil from spring rapeseed variety’s ‘Mascot’ in 2001-2003, mg kg™

It was found that weather during the growing cycle of rapeseed had a clear impact on sterols. Summer in 2002 was
extremely dry and hot, totally opposite to the vegetation period in 2003, while summer in 2001 had about average weather
conditions. It was found that the total sterol content varied between 5220-5770 mg kg in 2002 and 5910-6550 mg kg™ in
2003 (Figure 1). It is rather difficult to assess the influence of different weather factors to the sterol content. It is known that the
sterol levels could change drastically due to long drought period in some plants but linear interpolations could not be made for
less extreme weather conditions.

There are couple of articles about the effect of temperature during growing period of soya on the total sterol content.
Scientists have found a positive correlation of sterol and higher temperature values (Vlahakis et al., 2000). Present research
indicates rather the opposite. While in 2003 where average temperatures were lower than in two previous years, the total sterol
content in oil samples was higher. This may be due to effect of other factors including precipitation, soil parameters,
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fertilization, etc.

The ratio of free sterols to steryl esters is usually 1/3 to 2/3 according to Lampi et al (2004). The amount of different
forms of sterols could change due to plants need to adapt to various conditions. Knowing the ratio is mainly necessary for
manufacturing functional food products. Results obtained in present research fall into the category described in literature.

There are two important issues from the fertilization point of view. Does the fertilization which ensures good
development of the rapeseed plant and high oil yield with good quality parameters also provide bigger amount of plant sterols?
Does the fertilization with certain element(s) influence the sterol content and composition in plants? The effect of different
microfertilizers on sterol levels was investigated during 3-year period. The dynamics of the main sterol (B-sitosterol) is given
below (Table 1). Noticeable differences were observed but no certain influence could not be detected over research period.
Correlations between oil yield and total sterol content was also not observed.

Table 1. Content of total B-sitosterol in different oil samples in 2001-2003, mg kg

B-sitosterol, mg kg’!

Variant 2001 2002 2003 Average

0 (control) - 2540 2970 2760
OptiCrop+Copper 2820 2630 2670 2700
OptiCrop+Boron 2690 2500 2760 2650
OptiCrop+Manganese 2690 2370 2890 2650
OptiCrop+Sulphur - 2440 2890 2670
OptiCrop+Micro Rape 2430 2660 2730 2610
Average 2660 2520 2820 2670

No influence of various micronutrients on different forms of sterols and overall distribution of individual sterols was
found.

Tocopherol content has been observed in 10 spring rapeseed cutivars so far. It has been found that only a- and
y-tocopherol have been found in rapeseed oil. Other isomers (- and 8-tocopherol) were not found in determinable amounts.
o~ and y-tocopherol contents varied, respectively 21-27 mg and 46-52 mg/100 g oil in samples of 2004.

It must be said that some of the findings are preliminary in nature and need to studied more deeply to be stated with more
certainty. Nevertheless it was found that the weather of the trial years was the most influencing factor concerning the total
amount of sterols. Also that spring and winter rapeseed varieties differ mostly in proportions of steryl esters and free sterols.
Plant physiologs have suggested that plants tend to use its steryl esters as a defense mechanism against cold temperatures
(Ferrari, 1997). Accordingly it was found that the oil of winter rapeseed varieties had significantly higher proportion of steryl
esters. In general, the amount of different forms of sterols could change due to plants need to adapt to various conditions.
Knowing the ratio of different forms of sterol conjugates is mainly necessary for manufacturing functional food products.
Results obtained in present research for spring rapeseed variants fall into the category described in literature that ratio of free
sterols to steryl esters is usually 1/3 to 2/3.

Influence of factors affecting sterol and tocopherol content and their content in other oilseeds in Estonia will be discussed
in more detail.

Conclusions

There are several factors affecting the amount, proportions etc of said biochemical compounds that are of interest in light
of making functional foods, biomedicines. Rapeseed is by far the best source of phytochemicals for industrial extraction in
Estonia. It was found that mostly weather during growing period influenced the total content of sterols in rapeseed oil samples.
The sterol content of oils from rapeseeds investigated where various fertilizers were used showed variation but the effect of
different fertilizers on sterols could not been interpreted clearly. Various other preliminary findings were observed that need
more studies.
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Abstract

To compare volatile components of different varieties, volatile compounds were extracted by water distillation approach
from entire plants 25 days before maturation in Brassica napus L and assayed by capillary gas Chromatography-mass
spectrometry (GC-MS). A total of 107 different components were identified. Volatile profile of four varieties Tapidor, Ningyou
No.7, NJ5412 and Heza No.7 included 57,51,45 and 43 compounds, respectively. 15 compounds were common among the 4
varieties, including high-content phytol and oleic acid, also including f-damascenone,B-ionone and myristic acid, etc. Volatile
profiles were quantitatively and qualitatively different among the varieties. In Tapidor, there were 2 kinds of isothiocynate with
relative content 0.36%, but there were 7 kinds of isothiocynate with relative content 2.43% in Ningyou No.7. As to linoleic acid
content, it was 18.55% in Ningyou No.7, but less than 2% in the others. As an exception, NJ5412 did not contain insect attractant
cis-3-hexenol. Totally, different varieties had different volatile profiles that probably are basis of genotype selection.

Key words: Brassica napus L; volatile compounds; GC-MS

Introduction

The volatile compounds play crucial roles in whole growing period of plants. Plants release small amounts of diverse
volatile blends including terpenoids, benzenoids, and fatty-acid derivatives, etc, accounting for about 1% of the plant
secondary metabolites [1], but that little materials released function in many important aspects such as pollinator attraction,
defense and communication [2]. Interestingly, by releasing volatiles, signaling plant can reduce number of herbivores more
than 90% [3], and can also warn neighboring plants about the pathogen attack [4]. Recently, great progress has been made in
biochemical and molecular characterization on mechanism of plant volatile formation and release. Research achievements
imply that controlling release of special volatile compounds benefits well variety development through bioengineering or
conventional approach.

In limited reports on Brassica volatiles, glucosinolate—myrosinase system (GLS-MYR), which produces special chemical
mixtures in defense systems, plays very important roles in antagonizing biotic and abiotic stresses [5]. The main aim of this
paper is to provide a preliminary screening of volatiles from different rapeseed varieties for revealing variety differences.

Materials and methods

Plant materials
Four varieties (line) of rapeseed, Tapidor, Heza No.7, Ningyou No.7 and NJ5412, from germplasm bank in Nanjing
Agricultural University, were used for evaluation.

Essential oil

500 grams of fresh plants were harvested from jiangpu experiment field about 25 days before maturation, washed, cut into
small pieces for volatile extraction. After water distillation in Clevenger apparatus along with 1200ml pure water for 6h,
essential oil were extracted by aether, then the extracts were dried in vacuum to eliminate aether. Further drying of the oils
were by anhydrous sodium sulphate for overnight and stored at -20°C for determination. Samples diluted with methylformate
were injected into GC/MS for volatile molecule recognition.

Instrument analysis

The analysis were carried out with a Finnigan TRACE GC gas chromatograph coupled with a Finnigan TRACE DSQ mass
spectrometer equipped with a DB-5 fused silica capillary column(30m x 0.25mm ID x 0.25um film thickness).The oven
temperature programmed from 60°C to 180°C at 6°C,then from 180°C to 220°C at 2°C,further from 220°C to 260°C at
8°C(30min isothermal). Carrier gas was high purity helium(flow rate Iml/min).Injector temperature was 280°C and the split
ratio was 1:30.The transfer-line temperature was 250°C.The mass spectra was acquired with a source temperature of 200°C
under a 70eV ionization potential. Full-scan analyses were performed in the mass rang 30-400m/z.

Data was evaluated by Xcalibur 1.3 system software. Identification of the compounds was done by comparing the retention
times and by the use of mass spectra database search (NIST MS search 2.0) and retention indices from accessible scientific
literature as well as comparison of mass spectra from relevant literature.

Results and discussion
Volatile profiles identified by GC-MS (Fig.1), were quantitatively and qualitatively different among the varieties in B.
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napus (table 1). The four varieties (Tapidor, Heza No.7, Ningyou No.7 and NJ5412) contained 55, 45, 51, and 44 kinds of
compounds, respectively, accounting for 89.03%, 93%, 88.67% and 85.14% in their total volatiles, respectively. To sum up,
there were a total of 107 different compounds identified, which may be classified as hydrocarbon, acid, aldehyde, ketone,
alcohol, ester, isothiocyanate (ITC), nitrile (CN), sulfide and others. 15 compounds were common to four varieties, including
high-content phytol and oleic acid, also including some flavor compounds such as -damascenone, B-ionone and myristic
acid,etc.
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Fig.1 Typical chromatographic profile of the volatile fraction isolated from variety Tapidor

Acid fraction accounted for 63.98%, 73.97%, 68.91% and 62.52% in variety volatiles of Tapidor, Heza No.7, Ningyou
No.7 and NJ5412, respectively. Acids with 18-carbon were main parts in acid fraction of volatiles, including hexadecanoic
acid, oleic acid, linoleic acid, but for different varieties, main components and constitutions were different. Main parts were
hexadecanoic acid (30.6%) and oleic acid (29.1%) for Tapidor, n-tridecanoic acid (25.6%) and oleic acid (40.9%) for Heza
No.7, n-tridecanoic (32.1%) acid and linoleic acid (18.5%) for Ningyou No.7, n-tridecanoic acid (10.8%) and oleic acid (47%)
for NJ5412. This phenomena that fatty acid may be high content in one variety volatile but low in another, may imply that
different varieties have different metabolism mechanism or defense system. In addition, a interesting result may be that
odd-numbered fatty acids unusual in plants, of high-content in three varieties of B. napus, were discovered for the first time.

Relatively nonreactive GLS in B. napus are easy to be hydrolyzed by myrosinase and converted to unstable aglycones.
These intermediates then undergo a spontaneous rearrangement to produce a variety of toxic metabolites such as
isothiocyanates (ITC), nitriles (CN), and thiocyanates [6]. By GC-MS technique that can be used as a way to volatile
molecular identification, decomposed products like volatile ITCs and CNs can be identified. Present reports revealed 7 ITC,
and 1 CN. From literatures, among the ITCs in this research, 3-butenyl ITC and 2-phenylethyl ITC were known to be
involved in plant-insect communication [7]. GLS of ITC with cyclopentane side-chain structure was discovered firstly in B.
napus, other GLS were in accordance with earlier reported in brassicaceae [8].

Agreeing with known information of varieties, this results revealed that GLS believed to be involved in plant-insect
interactions as antibiotic effectors [9] and as antinutritional compounds to animals [10], was quantitatively and qualitatively
different between double-high rapeseed and canola varieties, and for Ningyou No.7, containing 7 ITC and 1 CN implied its
better stress tolerance. Except ITC, other 6 kinds of sulfur-containing volatiles characteristic of flavour and odour, were
confirmed in our study. These sulfur-containing materials were also observed in earlier reports on biosynthetic induction
experiments of sulfides regarded as effectors of insect herbivory [11].

Cis-3-hexenol as an insect attractant is the precursor for the straight-chain esters [12]. There was a remarkable increase in
catches of the boll weevil when traps were baited with cis-3-hexenol combining with the boll weevil aggregation pheromone
[13]. In addition, field baits of cis-3-hexenol and the pheromone enhanced the number of female Plutella xylostella in B.
oleracea subsp. capitata caught in traps several fold over those baited with natural attractant alone [14]. Comparing varieties,
we found that NJ5412 did not have cis-3-hexenol, but other three varieties had it with high content. This was a fact noteworthy,
revealed that mechanism why canola line NJ5412 usually does not have insect damage.

In addition, other sense compounds such as thujopsene, safranal, /A -linalol and 4-terpineol, were also identified, which
are antibacterial molecules. Many other materials listed in table 1, are not discussed here. In total, different varieties had
different volatile profiles that probably are basis of genotype selection.
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Table 1.The Relative contents and classes of compounds from Tapidor (Td), Heza No.7 (Hz), Ningyou No.7 (Ny) and NJ5412 (NJ)

Compounds Td Hz Ny NJ Compounds Td Hz Ny NJ
Hydrocarbon trans-Geranylacetone 018 005 006 0.13
cis-3-Nonene - - - 0.75 2-Tridecanone - - 0.03 -
n-Dodecane 0.02 - - - 2-Hexadecanone 0.46 - - -
1,4,6-Trimethyl-1 ,idihydronaphthalen ) ) ) 038 Famnesyl acetone 037 ) ) )
2,5,8-Trimethyl-1,2-dihydronaphthalen 023 002 009 ) (QE)-1-2 ,6,6-Tnmlefhyl- 1-Cyclohexen- 0.18 ) ) 011
¢ yl)-2-Buten-1-one
Tridecane 0.02 - - - Methyl 14-methylpentade canoate 0.16 - - -
Thujopsene 0.24 - - - Hexahydeofamesyl acetone 036 012 042 022
2,6,10-Trimethyltetradecae 024 036 1 - Methylheptadecyl ketone - 034 042 0.3
Nonadecane - 146 043 - 15-Nonacosanone 1.09 - - -
Heneicosame 5.58 - - - Alcohol
Heptacosane - 0.45 042 1.53 cis-3-Hexenol 2.05 141 1.04 -
Acid trans-2-Methylcyclopentanol 0.28 - - -
Hexadecanoic acid 306 069 763 059 cis-5-Octen-1-ol - - - 0.59
Oleic acid 29.1 409 191 47 @-Linalol - - 0.01 -
n-Tridecanoic acid - 256 321 10.8 4-Terpineol 0.03 - 0.04 -
Linoleic acid 0.75 1.25 18.5 04 B-Citrylideneethanol - 0.12 - -
d-(+)-Glyceric acid 0.02 - - - 1-Tridecanol 0.18 0.73
Glutaconic acid - - 007 - 2-Methyl-4-2.6.6-trimethyleyclohex- g3
1-enyl) but-2-en-1-o0l
Decanoic acid - - - 0.24 Phenol, 2,5-di-tert-butyl- - 0.1 - -
Lauric acid - 052 048 0.6 Farnesol - 0.19 - 0.56
Myristic acid 1.54 283 3.29 1.69 (2Z,5Z) -2, 5-Pentadecadien-1-ol - - - 0.05
(Z) -9-Tetradecenal - - - 0.29 Hexa-hydro-farnesol 012 005 012 0.11
Pentadecylic acid - 0.57 142 - 13-Heptadecyn-1-ol - - 0.21 -
9-Hexadecenoic acid 04 0.35 - - 2-Methylhexadecan-1-ol 0.02 - - -
7-Methyl-Z-tetradecen-1-ol acetate 0.12 0.28 - - 1,2-Methyl-E,E-2,13-octadecadien-1-ol 024 0.17 - -
Z-10-Methyl-11 tetradccen-1-ol e & Phytol 543 893 742 4%
propionate
a-Linolenic acid 0.12 - 2.03 - Ester
18-Nonadecenoic acid - - - 0.89 Isovalericacid cis-3-hexenyl ester 0.05 - - -
cis-8,11,14-Eicosatrienoic acid 125 0.35 0.07 - cis-3-Hexenyl benzoate 0.05 - - -
Z-14-Octadecen-1-olacetae - 0.56 - - n-Hexyl salicylate 0.1 - - -
Aldehyde Acetic acid, phenyl-, 3-hexenyl ester 0.03 - - -
Safranal 0.06 - - - Phthalic, diisobutyl ester 0.63 - - -
. Methyl (9E, 12E)
B-Cyclocitral 012 005 0.12 - 9,12-hexadecadicnoate - - - 0.19
2’6’6'T“m§$£1' (;gﬂ:hexe“"'l . 007 - 003 - Octyl-10-undecenoate - 045 - -
(4E) -2-Methyl-4-octenal - - - 0.05 Phthalic scid,butyl ctyl ester - 049 086 013
n-Nonaldehyde 0.1 013 009 051 Isothiocyanate(ITC)
(E) -2-Nonenal - - - 0.08 3-Butenyl ITC - 0.14 046 -
n-Decadehyde 0.13 009 007 0.11 2-Phenethylester ITC 033 146 121 048
(E,E)-2,4-Decadienal - - 003 024 Cyclopentane ITC - 0.14 046 024
trans-2-Decenal - - - 1.88 Butyl ITC - - 0.07 -
n-Undecanal 0.13 - 0.09 - 4-Methylpentyl ITC - 0.02  0.09 -
2-Undecenal - - - 0.33 Hexyl ITC - - 0.06 -
Dodecanal - - 0.15 - n-Heptyl ITC 0.03 005 007 -
Tridecylic aldehyde 1.78 - - - Nitrile(CN)
Cinnamaldehyde,3-hexyl - - 0.03 - 3-Phenylpropionitrile - 0.02 0.03 -
Myristaldehyde 1.27 0.9 244 094 Sulfide
(11E)-11,13-Tetradecadienal - - - 0.08 Trisulfide,dimethyl 0.06 0.1 006 145
(Z) -7-Tetradecenal - 0.04 - - Dimethyl tetrasulphide - - - 0.24
(Z)-7-Hexadecenal - - - 0.35 Methyl methylthiomethyl disulfide 0.05 - - -
(3E)-13-Octadecenal 0.93 - - - Methane,(methylsufinyl)methylthio- - - - 0.03
14-Octadecenal 0.13 - - - Sulfide isopentyl methyl - - 0.02 -
E-11-Octadecenal - - - 0.5 Sulfide,heptylmethyl - 0.03 - -
Ketone Others
4,5-Dihydro-2 (1H)-pentalenone 0.15 - - - D-Mannose - 0.02  0.02 -
(2E) -2-Nonen-4-one - - - 0.11 1-Methoxy-1H-indole - - 0.04 -
2-Methyl-1-none-3-one 0.05 - - - 3-(1-Cyclopentenyl) furan 0.02 - - -
g-Damascenone 019 012 018 013 Guaia-1 (5),7(11)-diene - - - 048
@-Ionone 09 0.45 0.51 0.11 88,133-Kaur-16-ene - 0.46 - 4.29
-Damascone 0.21 - - -
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Influence of pH and type of myrosinase complex on the products
obtained in the myrosinase catalysed hydrolysis of glucosinolates
—a MECC study

N. Bellostas, J. C. Serensen, H. Serensen
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Abstract

Environmental conditions, e.g. pH and the presence of Fe?" are well known factors that influence the product profile of the
myrosinase catalysed hydrolysis of glucosinolates. Depending on the plant genera, the species and tissue of origin myrosinase
isoenzymes (thioglucohydrolase EC 3.2.1.147) have different characteristics in terms of MW, subunit composition and pl.
However, the influence of these parameters on the outcome of glucosinolate hydrolysis has not been traditionally studied, which
hinders the full exploitation of the catalytic potential of these enzymes. In the present experiments the effect of myrosinase type on
the products obtained in the hydrolysis of glucosibarin was studied by MECC using two B. carinata myrosinase preparations
differing on their affinity to the Con A material, Con A 1 (first eluting fractions) and Con A 2 (last eluting fractions). At pH 3 Con
A 1 isoenzymes were more active than Con A 2 isoenzymes. At pH 5 and 6.5 Con A 1 isoenzymes produced oxazolidine-2-thione
to a higher extent than Con A 2 isoenzymes. The production of nitriles by Con A 1 isoenzymes was not influenced by pH and at
pH 5 and 6.5 the amount of nitrile produced by Con A 1 isoenzymes was lower than that produced by Con A 2 isoenzymes.
Formation of nitriles requires the presence of two redox equivalents which leads to the release of the sulphur atom from the
aglucone. Isothiocyanates and nitriles differ in their bioactivity towards different targets; therefore the possibility for directing the
glucosinolate hydrolysis towards the desired compound in a particular situation is of great relevance.

Introduction

Glucosinolates are amino acid derived allelochemicals present in all plants of the order Capparales. They co-exist with
myrosinase isoenzymes (EC 3.2.1.147), which are oligomeric glycoproteins that catalyze the hydrolysis of the
B-D-thioglucopyranoside bond. The aglucone released in the hydrolysis of the glucosinolate further rearranges to a variety of
products depending on the parent glucosinolate and the environmental conditions (Serensen, 1990; Bjergegaard et al., 1994).
The great variety of physiological effects of the different glucosinolate derived compounds makes it very relevant to study the
factors controlling glucosinolate hydrolysis and the conditions under which the different transformation products are produced.
It is well established that pH and the presence of certain cofactors have an influence on the compounds formed, ¢. g. at neutral
pH aliphatic glucosinolates generally yield isothiocyanates, while at acidic pH or in the presence of Fe*" the formation of
nitriles is favoured (Serensen, 1990; Bjergegaard et al., 1994). Myrosinase isoenzymes have different molecular weight, pI and
subunit composition (Bellostas et al., 2003), however, little is known about whether these parameters influence the type and
quantity of compounds formed upon glucosinolate hydrolysis. In a previous study we have developed a method for the on-line
monitoring of the myrosinase hydrolysis of glucosinolates which allows for the simultaneous detection of the degradation
compounds (Bellostas et al., 2006). With the use of this method in the present experiments we have studied the influence of
the type of myrosinase isoenzymes on the outcome of the hydrolysis of glucosibarin at three pH values (3, 5 and 6.5).

Materials and methods

Glucosinolates and myrosinases

The intact glucosinolates were from the laboratory collection (Serensen, 1990, Serensen, 2001). Myrosinase isoenzymes
were obtained from B. carinata cv. BRK-147-A by the method used in our laboratories (Bellostas et al., 2003). After affinity
chromatography by Con A, two pools were made (Figure 1): Con A 1 (first six fractions from the Con A column) and Con A 2
(seven last fractions from the Con A column).
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Figure 1. Activity (dAbs min™ at 227 nm) of the fifteen different fractions eluted from the Con A affinity column.

CE instrumentation, buffer and procedure for the in-vial reaction
The CE instrumentation, buffer composition and procedure used for the in-vial reaction have been described elsewhere
(Bellostas et al., 2006).

Results and discussion

Profile of degradation products depending on pH and myrosinase type

As previously described (Serensen, 1990) pH has a great influence on myrosinase activity and therefore the rate of
degradation of glucosibarin by both groups of isoenzymes decreased when pH was decreased from 6.5 to 3. Differences
between the two groups of isoenzymes could still be observed, and whereas no activity of Con A 2 isoenzymes was detected at
pH 3, Con A 1 isoenzymes still degraded glucosibarin at this low pH. At pH 6.5 and 5 Con A 1 isoenzymes produced OZT
almost in a linear fashion with time, whereas Con A 2 isoenzymes seemed to produce OZT only in the first minutes of the
reaction. At pH 3 only low amounts of OZT were produced by both isoenzyme groups (Figure 2 above). At pH 5 and 6.5 Con
A 2 isoenzymes produced the nitrile in a higher concentration than Con A 1 isoenzymes, the highest amount of nitrile being
produced by Con A 2 isoenzymes at pH 5. At pH 3 Con A 2 isoenzymes produced the nitrile only up to a plateau, probably
due to a low activity of the isoenzymes at this pH. Although the final amount of nitrile produced at the different pHs by Con A
1 isoenzymes was very similar, this compound was produced at different moments in time: the lower the pH the earlier the
nitrile was produced (Figure 2 below).
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Figure 2. Production of the OZT (above) and the nitrile (below) at three different pH by Con A 1 (left) and Con A 2 (right) isoenzymes.
Values are presented as relative normalized area of the compound with respect to TNA.

Physico-chemical properties of myrosinase isoenzymes and their relation to the profile of glucosinolate hydrolysis products
Con A 1 and Con A 2 isoenzymes groups are retained in the affinity chromatography column to different extents,
therefore it is likely that differences in the glycosylation level of the protein subunits play a role in the activity of the
isoenzymes. Figure 3 shows the SDS-PAGE gels of B. carinata Con A 1 and Con A 2 isoenzymes groups before and after
G-200 gel filtration (Bellostas et al., 2003). Although showing very similar profiles, a number of subunits present in one group
of isoenzymes seem to be absent in the other one and vice versa (see arrows). Whether a different protein profile of the
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myrosinase complexes may have an influence on the myrosinase catalysed glucosinolate hydrolysis to the extent of changing
the product profile has not been described, although the presence of some proteins in the myrosinase complexes leads to the
production of special compounds, such as epithionitriles (de Torres Zabala et al., 2006).

std 1 2 3 Con A std std 1 2 3 Con A std

Figure 3. SDS-PAGE of B. carinata isoenzymes after G-200 gel filtration. Left: Con A 1 isoenzymes. Right: Con A 2 isoenzymes. Legend:
std (standard), 1, 2 and 3 (first, second and third peaks in G-200), Con A (Con A pool before G-200 gel filtration).

Conclusions

The MECC method allowed for the observation of different degradation patterns of the two groups of isoenzymes that
would not have been observed with a standard spectrophotometric assay, which confirms the validity of the method developed.
The different pools of myrosinase isoenzymes obtained after Con A affinity chromatography produced different proportions of
OZT and nitrile at the three pH studied. This opens the door for further research, as the use of different myrosinase isoenzymes
may allow directing the hydrolysis of glucosinolates towards the wanted compounds.
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Abstract

Rape is the most preponderant oil plants crop in China, which is planted widely. Its yield reached 12 million tons in 2005,
ranked first in the world. Besides oil, rapeseed contains many other components, such as protein, glucosinolate, polyphenol, phytic
acid, polysaccharide, cellulose, sterol, vitamine E and so on. Most of them have great utilized values, which reveal a fine prospect
for the comprehensive utilization of rapeseed. Therefore, the research and development of comprehensive processing techniques
of rapeseed is all along a hotspot around the world. In this paper, we introduced the research on rapeseed comprehensive
processing in our laboratory, and display the vision of the developing direction in the field.
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Rape is the most preponderant oil plants crop in China, which is planted widely. Its yield reached 12 million tons in 2005,
ranked first in the world. Besides oil, rapeseed contains many other components, such as protein, glucosinolate, polyphenol,
phytic acid, polysaccharide, cellulose, sterol, vitamine E and so on. Most of them have great utilized values, which reveal a
fine prospect for the comprehensive utilization of rapeseed. Therefore, the research and development of comprehensive
processing techniques of rapeseed is all along a hotspot around the world. In this paper, we introduced the research on
rapeseed comprehensive processing in our laboratory, and display the vision of the developing direction in the field.

1 Basic research of rapeseed

1.1 Rapeseed protein

1.1.1 Classification of rapeseed protein isolate

Albumins and globulins were found to be the predominant proteins in Hua-Za 3 meal, comprising 36.8% and 31.6% of
total proteins. While glutelins and prolamins were 29.1% and 2.5%,respectively. The molecular weight of fractionation was
shown by SDS-PAGE and the structure of albumins is simple. Amino acid profile of the isolates indicated that the essential
amino acid of each protein fraction nearly reach to 50%. Albumins have better function, including water absorption, oil
absorption, emulsifying activity and emulsion stability. In addition, the albumin maintains their native capability because of
low-temperature pressing, So albumin can be widely applied in the food and beverage industry.

1.1.2 Preparation of rapeseed peptides

Double-enzyme can not only increase the DH,but remove the bitter of RSP. In our experiment, Rapeseed Albumin was
hydrolyzed with sequentially alcalase and flavourzyme. Degree (DH) were used as response values in analysis of response
surface regression (RSREG), considering the mouth-sense, the optimum conditions of alcalase enzymatic hydrolysis have
been determined by mono-factor analysis and response surface methodology as follows, pH :8.0, hydrolyzing temperature:
50.1°C,enzyme concentration: 0.38AU per gram of substrate, concentration of substrate:4.87%. Flavourzyme is used by step
for 2h after reacted 1h with alcalase, the degree of hydrolysis of rapeseed albumin can go up to 28%.

Hydrolysates were clarified by filtration to remove insoluble substrate fragments. and the filtrate was lyophilized and
freeze-dried for further use. The hydrolysates (RSP-R) was graded by Sephadex G-25 column with distilled water as
eluant,fractions were pooled into three major groups(RSP-1, RSP-2 and RSP-3).Protein content in RSP-1,RSP-2 and RSP-3
were 71.76%, 79.23% and 86.14%;crude polysaccharides were 22.64%, 13.88% and 5.18%. Molecular weight of each grade
were bigger than 5000,1052 and 563 Dal. Contents of amino acids determined by HPLC in three grades differed from each
other.

1.1.3 Antioxidant activities of rapeseed peptides

After injecting 50, 100 mg/kg-d 15d for 15 d, MDA levels in serum in the RSP group were obviously lower than that of
the control (P < 0. 05) ;So RSP could improve the antioxidant capacity in vivo. The results in vitro showed that RSP had
higher reductive activity and can scavenge hydroxyl radicals.

RSP had powerful inhibiting activity on active oxygen within certain concentration. As for malondialdehyde(MDA)
formation and H,O,-induced of mice liver,RSP-R and RSP-1 had better inhibiting effects than RSP-2 and RSP-3,exhibiting
dosage-depended. but little inhibiting effect on MDA induced by Fe*". There were not much influence of RSP on hemolysis of
mice red blood cell. In a word, antioxidant activities of RSP-R and RSP-1 were better than others.
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1.1.4 RSP can inhibit the growth of S tumor,the mechanism may have something to do with its antioxidant activities
and increasing organize immune capability, RSP may induce the apoptosis of Hela cells as well.

RSP-R 100,150 mg/kg-d could inhibit the growth of Sgy and increase thymus weight of Sigy-bearing mice. Compared
with cyclophosphamid, it did not decrease the immune viscera weight and interference the growth of S;gy-bearing mice.
RSP-R had little influence on macrophage phagocytosis and delayed-type hypersensitivity except high dose.But RSP-R could
effectively improve the content of serum hemolysin IgM evidently.In addition, MDA levels in serum in the RSP group were
obviously lower than that of the control, SOD activities in serum were significantly increased.The results showed that
antioxidant activities and increasing organize immune capability of RSP were the most mechanism of its inhibiting tumor
effect.

This dissertation demonstrate that the three grades of RSP can induce the apoptosis of Hela cells.RSP display evidently
growth inhibitory effect in a dose-and time-dependant manner against Hela cells by MTT assay.

Fluorescence and electron microscopy assay illuminated that RSP can induce apopt- osis of Hela cells, which is
dosage-dependent. So the inducing effect on the apoptosis of Hela cells may be one of anti-tumor effect mechanisms of RSP.

The attainting effect of RSP on Hela DNA can be assayed by single cell gel electrophoresis(SCGE),gel electrophoresis
and TUNEL assay. In the distributions figure of cell cycle, S stage cells apparently increased through flow cytometry
fluorescence. So RSP-2 can arrest Hela cell growth in S phrase. In addition, the results of RT-PCR showed that RSP-2 can
decrease the expression of Bcl-2 gene.

1.1.5 This dissertation demonstrated the inhibiting effect of RSP on angiotension I-converting enzyme(ACE) activity of
SHR. (in Vitro)

Rapeseed peptide with inhibiting effect on ACE of SHR can be gotten by hydrolysis rapeseed albumin. The peptide have
the strongest inhibiting effect after hydrolyzed for 1h, it can reaches 42.68%. Hydrolysis with double-enzyme can improve
effectively the inhibiting effect of RSP on ACE activity. The inhibiting activity was 69.13% when hydrolysis for 2hrs with
alcalase and flavourzyme.

RSP-R and its three grades (isolated through Sephadex G-25 ) exhibited ACE inhibitory activity. Among which, RSP-3
showed the highest inhibition. When the RSP-3 concentration was augmented to 1mg/ml,the inhibition of ACE activity could
nearly achieve to 96%.While RSP-2,RSP and RSP-1 were 78.43%, 69.13% and 60.92%, respectively, which illuminated RSP
can be as a higher inhibition factor of ACE activity, All the results will extend the utilizing fields of RSP.

1.2 The rapeseed polyphenol

1.2.1 Structure of rapeseed polyphenol

The rapeseed polyphenol was purified by macroreticular resin, and separated by Sephadex LH-20, fractions were
collected and marked as RSPP-0, RSPP-1, RSPP-2, RSPP-3, RSPP-4, RSPP-5, RSPP-6, RSPP-7. There were peaks near
330nm and 280nm in UV-vis spectra of fractions mentioned above. Peaks near 330nm denoted phenolic acids and peaks in
270—282.6nm denoted flavones, flavonoles or tannin, or hydroxylcinnamic acid. The IR spectra of fractions mentioned above
were similar to the spectra of catechin and contained the structure information of phenyl and hydroxyl. RSPP could be
separate well by gradient elution.

There were pseudomolecular ions (negative ion mode) which were equal to the cyaniding, and gallate + Na', and
dicaffeoylquinic, and procyanidin dimmer, 1,2-disinapoly-2-feruloyldiglucoside, procyanidin trimer, 1, 2, 2’ —
trisinapoldiglucoside in m/z.

There were 5 substance in HPLC-DAD-ESI-MS/MS spectra(negative ion mode) of RSPP. Substance 2 was correspond
to 1,2-disinapoly-2-feruloyldiglucoside in pseudomolecular and fragment ions, substance 5 was correspond to kaempferol
3-sinapoyldiglucose. Substance 3 was the isomeric compound of substance 2 and 4 was 5. The structure of substance 1 could
not be identified and its m/z of pseudomolecular and fragment ions were 494.2 and 462.0, it was abundant in RSPP. Substance
2 and 5 were reported from rapeseed for the first time.

1.2.2 Bioactivities of rapeseed polyphenol

1.2.2.1 The anti-oxidative effects and mechanism of RSPPs

The effects of RSPPs (including RSPP and RSPP-1,RSPP-2, RSPP-3,RSPP-7 )on anti-oxidative in some modified
chemical systems, mice liver mitochondria, rat and mice red blood cell(RBC), mice serum and liver homogenate and mice
in vivo were measured. The results showed that RSPPs were good deoxidant and could scavenge reactive oxygen species and
inhibit lipoxygenase in some modified chemical systems. The capabilities of high deoxidating and inhibiting the enzymes
linked with oxidation were revealed to be the mechanism of inhibiting oxidation of RSPPs. In vitro, RSPPs could inhibit the
swelling of mice liver mitochondria and the auto-oxidation hemolysis of rat RBC and the hemolysis of mice RBC induced by
H,0O, as well. RSPPs could also heighten the anti-oxidation capability of mice serum, and inhibit the formation of
malondialdehyde(MDA) in mice liver mitochondria, rat RBC and mice liver homogenate. In vivo, there was a significant
difference (p<<0.01)between the controled group and the group intra- peritoneal injected with RSPP in MDA value of mice
liver homogenate. All the above experiments indicated that RSPPs had evident anti-oxidation function in vivo.

1.2.2.2 Inhibiting Effects of RSPP on proliferation of Human Hepatocellular Carcinoma Cell Line SMMC-7221

RSPP at concentration of 25-400ug/mL displayed evidently growth inhibitory effects in a dose-and time-dependant
manner against SMMC-7721 cells by MTT assay. Inhibiting rate of 400ug/mL RSPP for 3 days was 70.18%. The results of
MTT assay could be authenticated by the results of proliferating cell nuclear antigen(PCNA) assay.
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The results of morphological observation and alpha-fetoprotein(AFP) assay showed that RSPP could induce
SMMC-7721 cells to differentiate into normal cells. According to the results of flow cytometer assay, RSPP could block
SMMC-7721 cells in S-phase but could not induce SMMC-7721 cells apoptosis.

It was possible to infer 2 mechanisms for RSPP inhibiting SMMC-7721 cells from the results, one was that RSPP
blocked SMMC-7721 cells in S-phase, another was that RSPP induced SMMC-7721 cells to differentiate into normal cells.

1.2.2.3 Effects of polyphenol from rapeseed on S;g, tumor growth and organize immune capability in vivo

The tumor-bearing mice were gained by implanted S;g, cells sustained in right front axillary. After intra- peritoneal
injected samples 10d, the mice were executed. Tumor weight showed that RSPPs could inhibit tumor growth in vivo and the
inhibiting rate of 50~200 mg/kg-d RSPP were between 30.23% and 44.19%, 50 mg/kg-d RSPP-1 and RSPP-3 were 39.53 %
and 32.56% respectively.

The tumor tissue were stained by HE, and pathology observation showed that the phenomena of condensation of the
nucleus and phlegmonosis cells infiltration and degranulation of polymorphonuclear neutrophils appeared much more in
RSPPs groups than in tumor control group, and the area of dead tumor cells in RSPP groups were bigger than the area in
tumor control group. It was proved that RSPPs could inhibit tumor growth and increase organize immune capability.

The thymus index, spleen index, macrophage phagocytic rate and phagocytic index,delayed-type hypersensitivity,splenic
antibody formation and serum hemolysin content of tumor-bearing mice could be increased significantly by RSPPs. RSPPs
were beneficial to immunity of mice.

RSPPs could inhibit the activity of mice lactate dehydrogenase, heighten the activity of mice catalase, decrease the
content of MDA in mice serum. The inhibiting tumor mechanism of RSPS may have something to do with its antioxidant
activities and inhibition of lactate dehydrogenase

1.2.2.4 The anti-hyperglycemic activity of rapeseed polysacchrides in vivo

Diabetes mellitus mice were induced by alloxan and RSPP were administrated by intra- peritoneal injection for 12d. The
serum glucose of mice showed that The serum level of blood glucose in diabetes mellitus mice decrease 17.99% and 24.14%
in the 75 and 400mg/kg-d groups while remained no obvious change in the normal group injected 400mg/kg-d RSPP.

Compared with control group, the body increase and liver index and kidney index of the normal groups injected
400mg/kg-d RSPP remained no obvious change. RSPP at dose of 75 and 400mg/kg-d both could increase thymus index and
spleen index significantly.

RSPP at dose of 400mg/kg-d could decrease MDA content in liver homogenate of normal mice, but have not effect on
anti-ROS unit in serum. RSPP at dose of 75 and 400mg/kg-d both could decrease MDA content in liver homogenate and
increase anti-ROS unit in serum of ~ diabetes mellitus mice significantly.

The kidney and liver tissue were stained by HE, and pathology observation showed that PHF and RSPP could not
prevent diabetes mellitus doing harm to kidney, but protect liver against diabetes mellitus.

1.3 Bioactivities of byproduct of extraction of rapeseed polysaccharides

1.3.1 The Anti-Oxidative Effect and Mechanism of rapeseed Polysaccharide (RSPS)

The anti-oxidative effect and mechanism of RSPS were studied. The deoxidation was measured by K;[Fe(CN)s] and
TCA system, the inhibition on lipoxygenase was detected by crude lipoxygenase,the content of malondialdehyde(MDA) and
reactive oxygen species (ROS) were analysed by the reagent kits, the swelling of mice liver mitochondria were observed by
the spectrophotometric method. The results showed that RSPS was a good reducer, the anti- ROS unit of 2.00 mg'ml" RSPS
was 94.03,the inhibiting rate of 2.00 mg-mI"" RSPS on lipoxygenase was 22.8% in some chemical modified systems; 2.00
mg'ml’ RSPS made the radical-induced swelling of mice liver mitochondria be lower than the swelling of mice liver
mitochondria without inducement; the inhibiting rate of 2.00 mg-ml” RSPS on radical-induced MDA formation are 30.3%
in mice liver mitochondria, 54.7% (incubation) and 32.0% (incubation with Fe**) and 84.5 % (incubation with H,0,) in liver
homogenate respectively, the anti- ROS unit of mice serum added 10.00 mg:mlI™is 1340.13 in vitro; in vivo, There was a
significant difference(P<0.01) between the controlled group and the intra- peritoneal injected RSPP (400mg-kg' bw-d”, 12d)
group in MDA value in mice liver homogenate. All the results above showed that RSPS had anti-oxidation effect in vitro and
in vivo, the capabilities of high deoxidation and inhibiting the enzymes associated with oxidation were revealed to be the
possible mechanism of RSPS to inhibit oxidation.

1.3.2 Effects of rapeseed polysaccharides on S;g, tumor growth and organize immune capability in vivo

The tumor-bearing mice were gained by implanted Sig cells sustained in right front axillary. After intra- peritoneal
injected samples 10d, the mice were executed. Tumor weight showed that RSPS could inhibit tumor growth in vivo and the
inhibiting rate of 50~200 mg/kg-d RSPS are between 20.66% and 34.71%.

The tumor tissue were stained by HE, and pathology observation showed that the phenomena of condensation of the
nucleus and phlegmonosis cells infiltration and degranulation of polymorphonuclear neutrophils appeared much more in
RSPS groups than in tumor control group, and the area of dead tumor cells in RSPS groups were bigger than the area in tumor
control group. RSPS could inhibit tumor growth and increase organize immune capability.

The thymus index, spleen index, macrophage phagocytic rate and phagocytic index,delayed-type hypersensitivity,splenic
antibody formation and serum hemolysin content of tumor-bearing mice could be increased significantly by RSPS and RSPS
were beneficial to immunity of mice.

RSPS could inhibit the activity of mice lactate dehydrogenase, heighten the activity of mice catalase, decrease the content
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of MDA in mice serum. The inhibiting tumor mechanism of RSPS may have something to do with its antioxidant activities
and inhibition of lactate dehydrogenase.

1.3.3 The anti-hyperglycemic activity of rapeseed polysaccharides in vivo

Diabetes mellitus mice were induced by alloxan and RSPS were administrated by 12d intra- peritoneal injection. The
serum glucose showed that The serum level of blood glucose in diabetes mellitus mice decreased 18.38% and 24.62% in
the 75 and 400mg/kg-d groups while remained no obvious change in the normal group injected 400mg/kg-d RSPS.

Compared with control group, the body increase and liver index and kidney index of the normal groups injected
400mg/kg-d RSPS remained no obvious change. RSPS on dose 75 and 400mg/kg-d both could increase thymus index and
spleen index significantly.

RSPS on dose 400mg/kg-d could decrease MDA content in liver homogenate of normal mice, but have not effect on
anti-ROS wunit in serum. RSPS on dose 75 and 400mg/kg-d both could decrease MDA content in liver homogenate and
increase anti-ROS unit in serum of ~ diabetes mellitus mice significantly.

2. Studies on the process route of comprehensive utilization of rapeseed meal

2.1 Process route
We brought forward a process route of extracting polyphenol, polysaccharide and phytic acid from the rapeseed meal
step by step as well as innoxious, high biological-performance concentrated protein, which was used to feed animals.

Rapeseed meal

| extracted with solution A

Filtrated
t
t |
Filtrate a residue A
[’ | extracted with solution B
Concentrated filtrated
| precipitated with ethanol ’
filtrated ’ '
[’ filtrate B residue B
Precipitate | | extracted with solution C

’ Separated and purificated | '
lyophilisation | Filtrate C residue C

[’ Concentrated | [’
Rapeseed ’ lon exchange drying

Polysaccharide lyophilisation | [’
' Concentrated oncentrated
Rapeseed Polyphenol ’ feeding protein

Crystal and drying
|
Sodium Phytate

2.2 Preparation of rapeseeds polysaccharides (RSPS)

RSPS was extracted with water and then precipitated with ethanol, while the protein, the polyphenol and the phytic acid
was also isolated respectively from the rapeseed cake and meal simultaneously. The optimized technical condition of isolating
RSPS was studied through orthogonal test and the result was following: the rapeseeds cake and meal was marinated with 25
times of hot water at 100°C for 4 hours by solvent A. The yields of rapeseeds polysaccharides was 2.8% under this condition.

2.3 Extraction of polyphenol, phytic acid and protein in the rapeseed meal

The way of comprehensive utilization of polyphone, physic acid and protein in the rapeseed meal by extraction with
solvents was studied; The extraction technology was optimized by fractional factorial design, central composite design and
response surface analysis; mathematical models for predicting the extraction ratio of polyphone and physic acid were set up.

1=28.21260+0.29714x,+0.03635x5+0.0603 1x4~0.39723x,*-0.4361 1x°~0.21342x,”
—0.40250xx310.01750x124+0.01500x34 @M
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¥2=2.36842+0.15874x,-0.1138 Lxs+0.12657x,+0.11426x,+0.38095x;°-0.13458x,”

+0.13463x,065+0.19388x,120,+0.07588x3x4 2)

5=25.33261+0.20798x,+0.61171x5+0.16620x,~0.05275x,"-0.80386x3°—0.31608 x>
+0.04000x,3+0.60500x 12¢,+0.38000x3 0, (3)

1=1.06082—0.05012x,—-0.01679x3-0.0030 Lx4+0.13483x,*+0.01483x*+0.02066x,>
+0.01538xx;-0.04063x1x,—0.043 13x3x4 “)

y1, ¥2 are the concentration of polyphenol and phytic acid in the extraction liquid of polyphenol respectively.ys, y, are the
concentration of phytic acid and polyphenol in the extraction liquid of phytic acid respectively. The four equations are
anastomosed to the experimental data.

The results showed that 6 ml/g rapeseed cake, 65%(v/v) solvent B, 1.3g/100ml assistant substance, 51°C, 20min and
extracting 3 time for obtaining polyphenol, 1%(v/v) solvent C, 20~30°C and extracting 2h for obtaining phytic acid were the
optimized conditions. The extraction ratio of polyphenol about 2.82%, phytic acid 2.34% and protein content 70.2%
respectively. The poisonous glucosinolate and anti-nutritious polyphenol and phytic acid in the protein were 0.76umol/g,
1.33mg/g, and 3.01% respectively, which declined 96.6%, 95.9%, and 38.5% accordingly.

2.3.1 Separation and purification rapeseed polyphenol

Experiments of 8 kinds of macroreticular resin adsorbing and desorbing rapeseed polyphenol showed that special 1 was
the most appropriate resin in all for the preliminary purification of polyphenol, and the adsorbing capacities of resin could be
utilized fully by arranging column in series. In column of special 1,impurity in rapeseed polyphenol could be removed well,
and these condition was best for purifying polyphenol in mass production: 74%(v/v) acidic ethanol (containing 0.5%(v/v)
0.1lmol/L  HCI) was the desorbing solution, velocity of flow was 1BV/h (BV-column bed volume).

2.3.2 After primary purification as 1.3.1, we used chromatography column with Sephadex LH-20 to for further
purification. Subfraction-1of polyphenol could be got with the decolourizer of methanol: HO=1:3 while subfraction-2 could
be got with the decolourzer of methanol: H,O=1:1.

3. Studies on the process route of comprehensive utilization of rapeseed

China has the second greatest consumption of petroleum. It reached 245.7 million tons in 2002, exceeding Japan and just
behind America. In 2003, China consumed 83 million tons diesel oil and 40.16 million tons gasoline, 32% of the total
consumption of petroleum was imported. In 2004, domestic consumption of energy sources increased at an average annual
rate of 15% while the amount of domestic petroleum output only 1.67%. Therefore, the lack of energy sources will hinder the
development of mankind.

Biodiesel, namely longchain fatty acid methyl ester from vegetable oils or animal fats, is a kind of renewable and
environmental protection energy source, which can substitute for diesel. Biodiesel can not be produced cosmically in China
mainly because its production cost is higher than the market price. So, we must explore the new thoughts and methods on the
production of biodiesel to reduce its production cost.

Rape is the most preponderant oil plants crop in China, which is planted widely. Its yield reached 12 million ton in 2005,
ranked first in the world. Therefore, we have found a unique technological route to produce biodiesel directly from rapeseed
with the further comprehensive processing of rapeseed meal. The route was as follows:

rapeseed—direct transformation—isolation—meal—comprehensive processing

Biodiesel and glycerol

protein concentrated.
phytic acid
rapeseed polyphenol

rapeseed polysaccharide

The characteristics of route are following:

A. Abandon the conventional technological route with two steps at present which the oils are squeezed firstly from
rapeseed and then transformed to biodiesel. The new route is to directly extract and transform the oils simultaneously, which
change two steps into one step. So, the expenditure of pressing oil was decreased and then the cost of biodiesel product can be
reduced greatly.

B. The highly active solid catalyst for ester transformation is used during the transformation of biodiesel. So, the disposal
cost of KOH or NaOH alkalescent catalysis used in conventional production of biodiesel is reduced and the environmental
pollution can be avoided too.

C. The continuum production of biodiesel and online exclusion of glycerol are implemented by means of the technology
of constant methyl esterification at normal pressure, the products of biodiesel and glycerol with high quality will be obtained.

D. The quality of protein in rapeseed meal after rapeseed transformed directly to biodiesel was much better than that in
the rapeseed meal squeezed conventionally from rapeseed because the former was obtained at the temperature being lower
than 70°C. For example, the content of lysine in the former is doubled that of the latter. The feeding Bioavailability(biological
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value) is further high and more benefit for the development of rapeseed meal.

E. The rapeseed meal byproduct after rapeseed transformed to biodiesel was used to extract and isolate the impurity in
rapeseed meal such as glucosinolate, phytic acid, polyphenol, polysaccharide, cellulose etc by water solvent in divided step,
the feeding protein concentrated was obtained rather than by the classical preparation method of protein concentrated from
extracted protein. Simultaneously rapeseed polysaccharide, rapeseed polyphenol and phytic acid were recovered and prepared
from the waste water. The four products including feeding protein concentrated, phytic acid, rapeseed polyphenol and
rapeseed polysaccharide were obtained in the technological route. The output value and profit of these products were several
ten times higher than that of rapeseed meal.

The development of rape biodiesel and comprehensive processing of rapeseed meal can lighten the lack of energy
sources, and resolve the low profit of oil corporation as well which produces only oil and rapeseed meal such singleness
variety of product. The increase of enterprise benefit may raise the purchase price of rapeseed so that the income of peasant
and the enthusiasm of peasant planting rape will increase. It is significant to adjust the industry situation of countryside in
China, promote the development of countryside economic, and walk out a way making the peasant affluent which transforms
from agricultural products to industry products.

At present, the above comprehensive processing of rapeseed meal have successfully applied in industrialization
production. The testing of biodiesel transformed directly from rapeseed has finished. The product line of biodiesel with 500
tons annual production had been built already. We are looking forward to researching and developing rapeseed together with
our colleagues.
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A non-organic solvent process for the efficient recovery of canola oil
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Abstract

Conventional processing of canola (Brassica napus) generally uses either, a combination of seed expelling plus organic
solvent based oil extraction, or non-organic solvent processes that are based solely on expelling of the seed. Organic solvent based
oil extraction is highly efficient (>96% oil recovery) in comparison to non-organic solvent based expeller only processes
(generally 80% oil recovery). As such solvent extraction processes tend to dominate. However, environmental and safety concerns
with the use of organic solvents are such that non-organic solvent based processes would be preferred if the efficiency of oil
recovery approached that of organic solvent extraction. MCN BioProducts Inc. has developed a proprietary non-organic solvent
process for high efficiency recovery of canola oil in the form of free oil and oil contained in a high valued concentrate of insoluble
protein. The process uses expellers for a front end mechanical de-oiling as typical for conventional non-solvent processes. The
cake containing the residual oil is then slurried in water and processed through an aqueous fractionation scheme that generates a
fibrous fraction, a concentrate of insoluble protein and a liquid stream. Conditions are set such that 20% of the residual oil in the
expelled cake is directed to the low valued fibrous production, 20% to the high valued insoluble protein concentrate and 60% to
the liquid stream. The liquid stream is then processed through an oil-water separation with the generation of free oil that is mixed
with expelled oil. The net result is 92% recovery of whole seed oil as free oil plus 4% recovery of oil within the high valued
protein concentrate product. As such the combination of conventional oilseed expelling plus aqueous oil extraction results in a net
oil recovery as high valued products that approaches that of organic-solvent based extraction processes.

Introduction

Historically, canola (Brassica napus) has been grown primarily for the oil. The oil comprises approximately 40% of the
seed weight, however, the high value of the oil relative to the low value of the meal are such that the oil provides 70% or
higher of the revenues generated from a commercial seed crushing and solvent extraction process. As such crushing operations
have focused on maximizing the efficiency of oil recovery. A typical pre-press plus solvent extraction process can provide
>96% oil recovery. This compares favorably to the 80-90% oil recovery that is typically obtained with a non-solvent expeller
only based process. This substantial difference in oil recovery has lead to the predominance of solvent extraction plants for the
processing of canola seed. However, safety, environmental and product quality concerns associated with the use of organic
solvents are such that non-solvent based processes would be preferred provided that oil recovery are not overly compromised.

One approach to improve the efficiency of oil recovery from a non-solvent expeller process is to process the oil-expelled
cake through an additional aqueous fractionation process designed to generated high valued protein concentrates. Such a
process has the potential to facilitate recovery of additional oil in the form of valued free oil or valued oil-containing protein
concentrate. MCN BioProducts Inc has developed a proprietary process for the aqueous fractionation of non-solvent expelled
canola cake to generate a high valued protein concentrates. To improve the overall efficiency of oil recovery from whole seed
starting material, an oil-water seperation step was integrated into the basic aqueous fractionation scheme. By quantifying the
crude fat contents of the various streams generated by the process it was possible to measure the flow of oil to these streams
and thus quantify the efficiency of oil recovery as high-valued outputs.

Materials and Methods

Whole seed canola was obtained from a local supplier near Saskatoon, Saskatchewan Canada. The seed was transported
to the pilot oilseed processing facilities of Agricultural Research Center of the USDA in Peroria Illonios USA. The seed was
conditioned for 15-20 minutes at 85-90°C (French Oil Mill Machinery Model 324 — 3 deck 24 inch diameter) and the expelled
through a pilot scale full press (French Oil Mill Machinery Model L-250 3.5 inch barrel). The press cake was returned to the
process development centre of MCN BioProducts in Saskatoon.

The press cake was initially slurried in water and then processed through the proprietary MCN aqueous fraction process.
The core process outputs 3 intermediate streams consisting of a low value hull-enriched by-product stream, a high valued
insoluble protein concentrate, and a solids-free liquid stream in the form of an oil-in-water emulsion.

The liquid stream was then processed through a 3-phase disk-stacked oil separating centrifuge (Westfalia) to separate the
free oil from the oil-in-water emulsion.

Dry matter and crude fat mass flows were monitored through the process. Dry matter was determined by weight
differential upon evaporation of moisture using an HB43 Halogen Automated Moisture Analyzer. Crude fat was determined
by solvent extraction using an Ankon XT20 automated fat analyzer.

Results
Oil Expelling. A total of 22 replicate runs of seed conditioning and expelling were conducted using the pilot scale
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equipment at USDA in Peoria. The mean residual oil content of the full press cake obtained from 22 replicate runs was
9.39+1.09% of cake dry matter. This calculates to an 86.9+1.71% oil expelling efficiency from the starting seed.

Aqueous Fractionation. Water is added to the press cake to generate a slurry that is then processed through the core
proprietary fractionation scheme. The process generates a first fraction enriched in hull fragments, a second fraction enriched
in insoluble protein and a third fraction consisting of a solids-free liquid stream. Table 1 summarizes dry matter, protein and
crude fat flux through the core fractionation process.

Table 1. Dry matter, protein and crude fat flows through the aqueous fractionation process*.

Composition (% of d.m.) Mass flows (% of starting cake)
Protein Crude fat d.m. Protein Crude fat
Starting cake 39.8 124
Hull fraction 31.8+1.0 6.25+0.9 26.3+1.7 21.3+14 14.5¢1.0
Protein concentrate 61.9+1.1 10.0+0.8 36.2+4.6 55.5¢7.3 33.246.6
Liquid stream 13.1:04 12.0£1.0 36.9+3.1 11.9+1.0 40.4+6.4
Total % recovery 994 88.7 88.1

*Results are expressed as the mean and standard deviation obtained from triplicate runs of the proprietary fractionation process.

The hull fraction contained 6.3% crude fat on a dry matter basis and accounted for an average of 14.5% of crude fat in the
starting expelled cake. The protein concentrate contained 62% protein and 10% crude fat on a dry matter basis and accounted
for 33% of the starting expelled cake crude fat. The clarified liquid stream is the remaining fraction and this stream contained
an average of 40% of the crude fat originating from the starting cake.

Crude Fat Recovery form the Liquid Stream. The clarified liquid stream contained an average of 41% of the crude fat
in the starting press cake which is equivalent to 5.4% of the crude fat in the whole seed starting material. The liquid stream had
the appearance of a solids-free cloudy milk-like material. Inspection of the liquid stream under light microscopy revealed an
oil-in-water emulsion (Fig 1). Oil droplet size varied between 1-15 microns. Based on the distribution of droplet sizes an
estimated 90% of the oil is contained in droplets of greater than 8 microns in diameter.

Fig 1. Light microscopy image showing the liquid stream fraction as an oil-in-water emulsion. Units are 23 pm and subunits are 2.3 pm.

Table 3 summarizes the result obtained in processing the oil-in-water liquid stream through a 3-phase disk-stacked
centrifuge. The light out phase from the centrifuge averaged 40.8% crude fat, 5.3% non-oil dry matter in solution and 53.9%
water. This stream accounted for 84.8% of the crude fat in the original feed to the centrifuge. The heavy out liquid phase was a
largely aqueous stream with an average of 4.07% non-oil soluble dry matter and 0.13% crude fat. This stream accounted for
an estimated 13.6% of the crude fat in the feed to the centrifuge. The sludge component of the 3-phase separation accounted
for the remainder of the crude fat, water and non-fat dry matter.

Table 3. 3-Phase Disk-Stacked Centrifuge* Separation of Liquid Stream from Aqueous Fractionation of Expelled Canola

Fraction % Dry % of total % crude fat % crude fat
Matter Volume % as-is 9% of d.m. recovery
Liquid stream input 4.62 100 0.77 16.78
Light phase 46.1+£9.8 1.6 40.8+3.2 88.5+0.53 84.8
Heavy phase 4.20+0.06 75.3 0.13+0.23 3.06+0.38 13.6
Sludge phase 7.17 74 0.45 6.25 43
Total % of input 959 84.3 102.7

*Continuous flow 3-phase separation on disk-stacked centrifuge. Dry matter and crude fat contents of light phase and heavy phase liquid outputs shown as the
mean+S.D. of samples taken at the early, middle and late stages of the run. Volumes of light phase, heavy phase and sludge phase determined at the end of
run. Sludge sampled at end of the run.
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Fig 2. Projected oil flows through a non-solvent expeller plus aqueous fractionation and oil recovery process. Estimated recovery of oil as
valued free oil plus protein concentrate = 96%.

Discussion

Current alternatives to solvent extraction for the processing of whole seed canola are disadvantaged by an 80-90% oil
recovery relative to the near complete oil recovery obtained in solvent based oil extraction. To be competitive, a non-solvent
process must provide comparable recovery of oil in the form of high valued products.

This paper described the flow of oil from expeller cake to the 3 fractionations that are produced by a novel proprietary
aqueous fractionation process. In the process 15% of the crude fat in the expelled cake was directed to the low valued hull
stream. The oil associated with the insoluble protein concentrate will have a comparable value to free oil given the high value
of the protein in this stream while the majority of the oil in the liquid stream can be readily recovered by established oil-water
separation processes. Figure 2 provides a projected oil mass balance for the integrated process. The net result is an overall 96%
efficiency of oil recovery in the form of valued free oil plus oil within a high valued protein concentrate. As such oil recovery
in this process is comparable to a conventional solvent based process.
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Abstract

Rapeseed dehuller, twin-screw press and expander were assembled to a new process for double-low rapeseed. The technical
and economic feasibility of the new process were analyzed. It can reduce conversion cost, improve quality of oil and meal and
increase economic benefit. The conversion cost of new process is 142.85 RMB Yuan-t”, which is less than pre-pressing extraction
process by 20%. Cold pressing oil meets the standard of the second grade rapeseed oil (Chinese national standard, GB 1536-1986).
Rapeseed meal meets the Standard of the first grade Low-glucosinolate Rapeseed Meal for Fodder of standard enacted by Chinese
Ministry of agriculture (NY 417-2000), which protein content is higher than 46%. The new process will achieve higher profit,
which is promising in industrialization and application.

Key words: Rape, Double-low rapeseed,Dehulling, Cold pressing, Expansion, Process

Introduction

Oilseed Rape has become the third oil crops in yield all over the world (Wang, 2004). That content of glucosinate and
erucic acid was decreased greatly in double-low rapeseed improved its nutritional value of oil and protein (Bell, 1982), which
caused rapeseed changed from simple provider of oil to multi-purpose sources for oils, feedstuff and protein. At present, the
double-low rapeseed was still processed by the traditional method, pre-pressing and extraction, which needed the hull, long
time and high temperature. So obtained rapeseed meal had a lower content of protein, deep color and bad taste for fodder.
Moreover, available amino acids of protein were destroyed evidently, while effected the using value of rapeseed meal seriously,
and obtained crude oils had a bad quality which increased product cost and refining loss (Watrins et al., 1989; Egon, 1975;
Elizabeth et al., 1991). Traditional process of pre-pressing and extraction didn’t realize excellent utilization for double-low
rapeseed and made source further wasted, which already had been not fit for processing of double-low rapeseed(Zheng, 2001).

For realizing high efficient processing of double-low rapeseed, a great deal of new technology of rapeseed processing
were studied, such as dehulling, cold pressing and expansion were the popular study subjects(Huang, 2002). Dehulling
rapeseed not only increased content of protein, effective value of feed, and improved the meal taste for feed, but also meliorate
oil’s quality and decreased refining cost(Ragnar, 1992; Huang et al., 2000); Cold pressing could obtain green natural good
quality rapeseed oil, avoid loss of available amino acids, increased nutritional effective value of meal and observably
decreased the energy expending of rapeseed processing(Huang, 2002; Rasehorn et al., 2000); Expansion could improve
materiel’s extraction character, speed up extraction of oil, advance yield of oil and decrease production cost(Watrins et al.,
1989; Wang, 2001). At present, the key equipments had been developed, such as dehulling, cold pressing and expansion
machine (Huang et al., 2000;Rasehorn et al., 2000;Watrins et al., 1989; Lusas & Watkins, 1990). On the side of new
processing for rapeseed, a factory, which could produce high quality cold-pressing oils, was been built in Germany (Rasehorn
et al., 2000), but obtained cold-pressing meal had a bad extraction character. In 2003, the new process of dehulling-expansion
for double-low rapeseed had been practiced(Li et al., 2004), and high protein content rapeseed meal been obtained, but high oil
content of expansion meal increased the burthen of extraction system and made meal a high residual oil rate. Therefore, it is
still difficult to popularize for the new process, dehulling cold- pressing and dehulling-expansion.

According to Double-low Rapeseed high effect producing actuality and developmental trend, a new idea, dehulling- cold
pressing-expansion were assembled to a new process for double-low rapeseed, was given. The feasibility and economy of new
process were analyzed.

1 Material and Method

1.1 Experimental material
Rapeseed was Double-low Rapeseed obtained from Wuhan Zhongpai oil Inc. The water content of rapeseed was 11.32%,
impurity content 2.95%, oil content 38.68%.

1.2 Processing flow
The processing flow was showed as Fig 1.
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Double-low rapeseed— Adjusting—Clearning— Dehulling—Cold pressing— Expansion—Extraction—Dehulled rapeseed meal
' ! !
Rapeseed hull  Cold pressing oil Crude oil—~Refining—Salad oil

Fig. 1 The process flow diagram of dehulling-cold pressing—expansion for double-low rapeseed

1.3 Key equipments
YTTP-75 rapeseed dehuller; SSYZ50 twin-screw press; PHJZ-100 expander.

1.4 Operation conditions

1.4.1 Adjusting

Because the water content was high in new rapeseed while there was some requirement to water content in dehulling
process, drying tower etc. equipment was adopted to adjust water content to 8-10%.

1.4.2 Cleanning

Dehulling-cold pressing-expansion process had high requirement in iron-excluding process. Magnetic roller was adopted
to exclude iron impurity. During adjusting, double-low rapeseed was processed in vibration cleaning screen, dusty-excluding
fan, and magnetic roller, in the end the rate of impurity content reached the requirement of lower than 0.5%.

1.4.3 Dehulling and separation

The appropriate moisture content for rapeseed de-hulling was 8-10%. In order to get good effect of de-hulling, rotation
speed was adjusted to about 1500r-min™ by transducer, and then the transducer was adjusted tinily according to observation of
de-hulling rate and powder degree. Hull and kernel were separated by adjusting the wind quantity of fan, vibration speed of
screen and the height of equipment of sucking hull or kernel. Hull was collected and deposited separately, and kernel was sent
to next cold pressing process.

1.4.4 Cold pressing

At the beginning of press, increased feedstock gradually by adjusting frequency converter, so the press in barrel would
increase gradually. Twin-screw press would work normally when current of main electromotor reached 40-50A. In pressing
process, feedstock was delivered with equilibrium. If feedstock flow decreased, the pressure in barrel would fall, consequently
oil yield would fall too. In the end of cold pressing process, cold pressing oil and cold pressed cake were obtained. Cold
pressing oil was purified through plate filter and then was canned to get the product cold pressing rapeseed oil. And cold
pressed cake was sent to next expansion process.

1.4.5 Expansion

Cold pressed cake was heated to the temperature of 90°C in cooker and then sent to expander. Feedstock flew was
controlled by frequency converter to keep current between 100-120A. During expansion process, the temperature of
expansion canister was adjusted directly by 0.5-0.8Mpa steam to keep it about 110°C. Attention should be paid to ensure
steady feedstock flow in the process of expansion. If feedstock flow decreased or even stopped, press in expansion machine
would fall and impact the expansion effect.

1.4.6 Extraction

Expansion materials were delivered to rotating extractor by a screw conveyor. The solvent infiltration speed and solvent
dripping capability of expansion feedstock were better than that of pre-pressed cake, so extracting velocity was improved.
Rotation speed could be increased comparatively. Oil mixture was desolventized in a series of evaporators and stripping
columns. Crud oil gained by extraction was sent to refining plant and salad oil was made out through routine process of
degumming, bleaching and deodorization. Wet rapeseed meal with solvent was desolventized by DT desolventizer-toaster, and
then was cooled and packed to get dehulled double-low rapeseed meal.

1.5 Determining methods for physical analysis

Lipidic acidity, color and luster, peroxide value, heating test, odor and taste, moisture, volatile materials, impurity, the
oil content, water, impurity of rapeseed, and crude protein, ash, crude fiber, crude fat, etc. of rapeseed meal were measured
with Chinese national standard method. ITC and OZT content in rapeseed meal were analyzed by using Chinese national
standard method, such as GB/T13087-1991 and GB/T13089-1991 separately. Component of amino acid in rapeseed meal was
analyzed with the method of NY/T793-2004. Other process parameters were analyzed according  {Standard complication of
cereals and oils. Determination methods) SB/T10134—92 determination regulations of vegetable oil producing technique (No
1 Compiling Room of Standard Press of China,1998).

2 Results and analysis

2.1 The technical parameters of dehulling-cold pressing-expansion process for double-low rapeseed

The technical parameters of each procedure in dehulling-cold pressing-expansion process for double-low rapeseed were
measured, and results were as follows:

When rapeseed was dehulled, oil contained in kernel increased to about 45%, and crude fiber content decreased a lot to
3-5%. So the phenomena of no oil out and shapeless cake would appear when present ZX18 or ZY?24 single screw press was
adopted. The main reason was that the dehulled rapeseed contained high oil and low crude fiber. Friction was so small that
press was hard to be formed. Two screws structure was adopted in twin-screw press with a principle of combination of
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joggling and non-joggling. In the press barrel, multiple-stage compression and relaxation and a thin layer of materials when
pressing were applied. Compared with traditional single-screw press, twin-screw press provided high compress ratio which
could reach 23 in theory, increased ratio of length and diameter of pressing obviously, and prolonged pressing time, so it could
press completely. Residual oil of cold pressed cake of dehulled rapeseed which was processed in twin-screw press was about
15% which corresponded to that of hot pressed cake gained in pre-pressing process. The problem of cold pressing technology
of dehulled rapeseed was solved. Compared with Germany single-screw equipment, the rate of residual oil of cold pressed
cake corresponded, but the electric machine capacity of twin-screw press was only 1/3 as to the same capacity Germany
equipment (Rasehorn et al., 2000).

Table1 The technical parameters

Index Value

Dehulling rate(%o) 95.86

Residual oil of cold pressed cake (%) 15.08

Expansion rate 1:1.69

Density of expansed materials (kg'm’) 488.56
Residual oil of rapeseed meal (%) 0.75
Capacity(t-d™) 62

PHJZ-100 expander was taken in expansion procedure for cold pressed cake. Expansed materials were porous particles
with expansion rate 1:1.69 and density of 488.56kg'm™. Feedstock was grinded, kneaded and crushed furiously in expansion
machine, so cell tissue structure was destroyed completely and extraction property was improved obviously. After extraction,

residual oil in rapeseed meal was 0.75% which fulfilled the requirement that the rate of residual oil in rapeseed oil should less
than 1%.

2.2 Product quality of dehulling-cold pressing-expansion for double-low rapeseed

2.2.1 Quality of cold pressing oil from double-low rapeseed

Solubility of non-triglycerides component in lipid was low(Elizabeth et al., 1991), because rapeseed hull which was rich
in pigment had been excluded and the temperature of cold pressing was low. Cold pressing oil gained from practical
producing line was tested by Center of Quality Inspection & Test for Oil Crops Products Agricultural Ministry of China and
the results were show in table 2. It was clear that the indexes of color and acidity etc. of this process were much better than that
of pre-pressing crude oil. This product meeted the standard of the second grade rapeseed oil (Chinese national standard, GB
1536-1986), and could be edible when it was simply treated by filtration to exclude solid impurity. The refining processes of
degumming, caustic refining, bleaching, deodorization etc. could be reduced. So, the contamination of organic chemical
reagent and the appearance of trans-fatty acid could be avoided, and VE and other natural component were kept. This product
could be treated as green natural healthy food, which greatly improved the economical value.

Table2 The quality of cold pressed double-low rapeseed oil

Index The second grade rapeseed oil Cold pressing rapeseed oil
Color and luster (Trough thickness 25.4mm) <Y35R7.0 Y35R4.0
Having the inherent flavor and taste of rapeseed oil, Having the inherent flavor and taste of rapeseed oil,
Odor and taste . .
no peculiar smell no peculiar smell
Acidity(mg KOH-g") <4.0 1.1
Moisture content and volatile materials(%) <0.10 0.04
Impurity(%o) <0.10 0.01

The color allow to be deepen and not to be darken.

Heating test(280°C) Trace matter allow to be separate out, The color become deepen. No matter is separate out.
Table3 The comparison of the quality of different rapeseed meal
Index National I Low-glucosinolate Rapeseed Meal for ~ Dehulled double-low Rapeseed Rapeseed Meal
Fodder Meal
ITC+OZT(mgkg") <4000 3840 -

Crude protein(N x 6.25,%) >40.0 46.8 38.6
Crude fiber(%) <14.0 5.6 11.8
Crude ash (%) <8.0 7.8 73

Crude fat(%) - 0.95 1.40
Moisture content(%o) <120 112 115
Lysine(%) - 2.14 1.30

Date come from Eleventh Edition Chinese Feed Database

2.2.2 Quality of dehulled double-low rapeseed meal

The quality of rapeseed meal got from dehulling-cold pressing-expansion process for double-low rapeseed was improved
obviously, which meet the Standard of the first grade Low-glucosinolate Rapeseed Meal for Fodder of standard enacted by
Chinese Ministry of agriculture (NY 417-2000). Due to protein content in dehulled double-low rapeseed meal increased
obviously, anti-nutrition factors decreased greatly, taste was improved and had high value as fodder, all of which made the
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accession amount of dehulled double-low rapeseed meal into fodder increase. This rapeseed meal could also be processed to
get concentrated protein, which would increase the economical value of rapeseed meal.

2.3 Production cost of dehulling-cold pressing-expansion process for double-low rapeseed

Production cost of dehulling-cold pressing-expansion process for double-low rapeseed was shown in table 4. Power
consumption of per feedstock increased for adding the equipment of dehuller and expander. However, in this new process
steam consumption decreased greatly for the procedure of cooking was saved. Because the solvent infiltration property and
solvent dripping capability were good, solvent content in wet rapeseed meal decreased, density of mixed oil increased.
Compared with pre-pressing process, steam consumption and solvent consumption decreased greatly in the process of wet
rapeseed desolventizing and mixed oil vaporizing and stripping.

Calculated the consumption of water, power, steam, solvent, refining cost, equipment depreciation and worker’s salary
etc., the production cost in total of dehulling-cold pressing-expansion process was 142.85 RMB Yuan't' which decreased by
about 20% compared with pre-pressing extraction process.

Table4 The comparison of production cost(50t-d™)

Index Dehulling-cold pressing—expansion Pre-pressing extraction
process process
Power consumption(kwh-t") 70 61
Water consumption(t-t") 0.50 0.70
Coal consumption (tt") 0.05 0.07
Solvent consumption (kg't") 5.0 6.0
Refining Cost (RMB Yuan-t') 7 37
Equipment investment (ten thousand RMB Yuan) 500 420
Equipment depreciation charge (RMB Yuan-t") 25 21
Worker’s salary (RMB Yuan't") 12 12
Management expenses (RMB Yuan-t") 20 20
Production cost (RMB Yuan-t") 142.85 175.87

3 Discussion

3.1 Although high quality cold pressing oil was gained by process of dehulling-cold pressing for double-low rapeseed,
there was still about 15% fat in cake when it was used as fodder directly. Because rapeseed kernel was pressed directly without
flaking and cooking, cell tissue of cold pressed feedstock was destroyed a little(Yiu et al.,1983), fat extraction velocity was low,
solvent infiltration property and solvent dripping capability of solvent were bad, and residual oil rate of rapeseced meal was
high when extracted directly. Solvent consumption and steam consumption rose, which made product cost increase. Problem
of producing oil by extraction from cold pressed cake remained to be solved. Though high-protein rapeseed meal was gained
in dehulling-expansion process for double-low rapeseed, oil content in expansion feedstock was as high as 28% (Li et al.,
2004) which affected the producing ability of extraction machine and made the resident oil rate of extraction rapeseed meal
increase. what was more, producing cost increased when solvent consumption rose and burthen of evaporation and
evaporation system was strengthened. In addition, the extrusion crude oil gained by dehulling-expansion process must be
refined to become edible for its bad quality, which increased processing cost and decreased the economical value of
double-low rapeseed oil. Dehulling, cold pressing and expansion were assembled in this experiment to build new
dehulling-cold pressing-expansion process. It could not only gain high quality cold pressing oil, but also expansion process
solved the problem that it was difficult to extract to gain oil from cold pressed cake. Besides high quality dehulled rapeseed
meal was gained. The process of dehulling-cold pressing-expansion was proved by practice to be feasible, and was awarded as
Chinese invention patient (patent number: ZL 01 1 06583.4).

3.2 In dehulling-cold pressing-expansion process, about 0.15t rapeseed hull that was new source to be used was gained
from per tone double-low rapeseed. By testing, protein content in rapeseed hull was 13%~16%, which was a bit higher than
that in alfalfa that was planted in home and abroad as fodder. Related experiment were being carried out to made rapeseed hull
take place of alfalfa as fodder for ruminant such as cattle and sheep etc.. When planted edible fungus with rapeseed hull
instead of cotton hull, product increased greatly(Huang et al.,2000). Besides Wu Mou-cheng et al. carried out study on
integrated utilization of rapeseed hull(Wu et al., 1999), and they separated and extracted fine chemical products such as
vegetable polyphenol and phytic acid etc.. Function and application of these products were studied farther.
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Canola production in Australia

Australia produces around 1.5 million tonnes of canola annually. In 2005 the canola harvest at 1,438,750 tonnes from
960,000 hectares was slightly lower than 2004. The yield varied from a state average of 1.4 t/ha in Western Australia (WA) to
1.8 t/ha in New South Wales (NSW). The national average yield is around 1.5 tha. Around 400,000 tonnes is crushed
producing around 240,000 tonnes of meal. The meal produced is classified as expeller or solvent extracted meal with

approximately 85% of the meal processed being solvent extracted. Mechanically extracted expeller meal contains around
10% oil whereas solvent extracted meal has around 1%.

Australian Canola Quality
Australian canola is grown over a vast range of environments from northern NSW to the southern parts of WA. As a
result there is a significant range in quality, particularly for oil and protein contents. Fatty acid profiles, chlorophyll levels,

free fatty acids and other oil characteristics can also vary with growing conditions. The average quality of Australian canola
is presented in Table 2.

Table 1: Average quality data of Australian canola seed 2005 (McFadden, et al. 2005)

Quality Parameter Mean
Oil content, % in whole seed @ 6 % moisture 422
Protein content, % in oil-free meal @ 10 % moisture 36.3
Glucosinolates, pmoles/g in whole seed @ 6 % moisture 7
Volumetric grain weights (kg/hL) 64.1
Oleic acid concentration (C18:1), % in oil 60.9
Linoleic acid concentration (C18:2), % in oil 19.9
Linolenic acid concentration (C18:3), % in oil 10.8
Erucic acid concentration (C22:1), % in oil 0.1
Saturated fatty acid concentration, % in oil 7.0
Todine Value 1162

Canola meal is well recognised as a high protein source for use in stock feed. The high protein meal has a well balanced
amino acid profile. Depending on processing conditions the meal may also contain a substantial amount of high energy
canola oil which adds to the meal quality. The amount of oil and the fatty acid profile will be influenced by the method of
extraction.

As well as the beneficial components of canola meal, it also has some limitations. Initially rapeseed, from which canola
was developed, contained high levels of antinutritional components. Traditional meal, contained up to 150 pmols/g of
glucosinolates as well as tannins, sinapine and phytic acid all of which influence meal quality.

Protein Content: The average canola meal protein content in 2005 was 36.3 %. This is relatively low when compared to
previous years (Figl.). Protein concentration has an inverse relationship to oil content with the maximum protein achieved in
years when oil content is very low. In 2004, crops were badly stressed with drought conditions producing low oil but very
high protein (Fig 1).
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Figure 1: Australian protein content in canola meal 1995-2005 (McFadden, et al. 2005).

Glucosinolate Concentration: Glucosinolate concentration in Australian canola meal is very low relative to traditional
types. In 2005 (McFadden, et al. 2005) concentration ranged from 3 to 12 pmoles/g of total glucosinolates. Some
individual sites produce more glucosinolates, particularly under drought stress (Mailer and Cornish 1987).

Processing

Processing canola meal involves several steps each of which contributes to changes in the meal product. The nutritional
value of the meal is influenced in particular by temperature, time and moisture. The stages of processing are outlined:

Preconditioning and Flaking: involves preheating the seed and passing it through a roller mill to physically rupture the
seed coat without damaging oil quality.

Seed cooking: Cooking thermally ruptures the remaining oil cells at around 90°C.  This serves to inactivate myrosinase
enzyme and additionally adjust the moisture content for better oil extraction. The time taken is usually around 20 minutes
and temperatures are between 80-105°C. Temperatures up to 120°C may be utilised to remove glucosinolates which otherwise
impart an odour to the oil.

Pressing: Screw presses or expellers are used to physically squeeze the oil from the canola seed flakes. Around 60-70%
of the oil is extracted but care needs to be taken not to damage the meal or presscake.

Solvent extraction: Presscake is solvent extracted to remove the remaining 15-20% oil using hexane. The solvent or
miscella (oil and solvent) is sprayed onto the presscake and allowed to percolate through, removing the oil.  The remaining
meal with less than 1% oil and saturated with solvent is called marc.

Desolventising/Toasting: This process removes solvent from the marc using steam. The last stage of drying is done with
dry heat of around 105°C.  After about 20 minutes in the D/T process the meal contains around 1% oil and 15% moisture.
Moisture content is adjusted to around 10% before transporting to storage containers.

Changes to meal quality

Protein: Meal quantity and quality are affected by various factors from growing, maturity and harvest but the major
influences occur during processing. Excessive heating in particular can result in damage to protein and amino acids and
reduced digestibility of amino acids, particularly lysine. This protein is referred to as by-pass protein. By reducing the
protein digestibility this can benefit ruminants by allowing the protein, which may be lost in the rumen, to stay intact until it
reaches the true stomach. However, it is necessary to control conditions to produce by-pass protein without protein
degradation.

Crude fat: The oil content of the meal is important as it provides energy to the meal. The oil content varies depending on
the method of extraction.  Solvent extraction produces meal with around 1% oil whereas expeller may contain up to 12% oil.
Cold press meal will contain even higher levels. Despite the increased value to the meal, it is uneconomical for the processor
to leave oil in the meal as there is no premium paid for the oil content.

Because cold pressed meal has more oil than solvent extracted oil this results in other changes in meal components. It
therefore has lower protein than expeller or solvent extracted meal and higher bulk density than solvent extracted meal due to
the extra oil.

Glucosinolates: Processing temperatures can be adjusted in the early stages of processing to inactivate endogenous
myrosinase enzyme which otherwise breaks down glucosinolates. If the seed is ruptured in the presence of moisture,
glucosinolates will be rapidly decomposed releasing isothiocyanates, thiocyanates nitriles and oxazolidinethione. These
by-products influence both meal and oil quality. Enzyme deactivation is achieved by heating the seed at 10% moisture to
80-90°C. The majority of glucosinolates remaining after oil extraction are removed by high temperature in the D/T process
although the temperature needs to be controlled to avoid other damage to the meal. = Glucosinolates are higher in cold pressed
meal than in solvent extracted meal although glucosinolates are generally low compared to traditional canola and rapeseed.

Lysine loss: Amino acid digestibility is reduced through high temperature treatment of canola meal. There is
considerable evidence to show that the method of meal processing has a major effect on lysine availability to stock. This is
illustrated in Table 3 (van Barneveld, et al 1999). Availability of lysine in particular is reduced in the D/T process.
Temperatures of 105°C which are commonly used (Newkirk and Classen 2000) significantly reduce crude protein and lysine
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digestibility and reduce metabolizable energy.

Table 3. Comparison of extraction methods on canola meal composition

Ingredient (g/kg)
Nutrient solvent extraction expeller extraction cold pressed Seed ( Szeg)
Dry matter 882.1 951.3 9133 949.1 940
Gross energy 1775 206.0 227.1 272.0
Crude protein 333.1 325.1 2654 200.5 208.8
Crude fat 44.8 130.2 255.5 397.2 422
Crude fibre 126.8 148.6 156.5 165.9
NDF 2584 329.8 3124 4784
ADF 162.7 2349 186.0 383.5
Ash 62.6 57.0 46.9 343
Glucosinolates 14 3.0 11.1 9.8 7

Adapted from van Barneveld (1998) and McFadden et. al. (2005).

Table 3. The effect of processing on lysine availability in canola meal (adapted from van Barneveld et. al. 1999).

Cold-pressed Expeller Solvent
Total Lysine 17.41 17.25 18.70
Reactive lysine 13.00 10.88 11.38
Reverted lysine ‘loss’ 25.30 36.90 39.10

Colour: Some feed manufacturers prefer a light coloured meal. High cooking temperatures at high moisture levels can
cause significant darkening of canola meal. Temperatures above 110°C did not cause significant changes to colour in dry
meal in this study but considerable darkening occurred in meal with 10% moisture.

Gums and Soapstocks: Gums include phospholipids are extracted during crude oil degumming and soapstocks are
recovered during alkali refining to remove free fatty acids. These compounds are often added back into the meal after the
D/T process at around 1-2%, increasing the oil content and the metabolizable energy. It also helps to dampen the meal.

Tannins: Tannins include a range of products including sinapine. Sinapine has been found to cause undesirable
flavours in eggs from poultry fed canola meal. ~ Australian canola contains around 0.6 — 1.8% sinapine (unpublished results).

Minerals: are not influenced by methods of processing other than where gums or supplements are added back to the
meal after processing.

Table 4. Amino acids showed little variation between processors (Rider Perez 2002)

Analysis Newcastle solvent Melbourne Solvent Numurkah solvent Pinjarra expeller
Dry matter % 90.5 89.2 89.6 90.2
Crude protein 414 419 418 335
Phosphorus 12 11.5 11.1 10.9
Calcium 84 7.0 6.8 7.5
Sulphur 7.0 72 7.0 7.0
Fat 494 30.7 554 1293
Free condensed tannins 342 313 38 356
Bound condensed tannins 10.1 4.8 24 52
Total tannins 443 36.1 62 41.8
Sinapine 11.8 12.7 14.8 14.0
Glucosinolates (um/g) 2 4 3 7
NDF 327.1 285.9 3214 2483
Layer hen AME (Mj/kg DM) 11.0 10.6 112 11.1
Layer hen AMEn 10.4 9.7 11.1 109
Broilers AME (Mj/kg DM) 8.7 9.2 9.7 11
Broilers AMEn 7.6 8.5 8.6 104

AME apparent metabolisable energy

Summary: Considerable work has been carried out in Canada and some in Australia on meal quality. However,
canola meal is underutilised in Australia due to limited knowledge about the product quality. New data on processing effects
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on meal quality are currently being accessed from processors throughout Australia and this will be presented at the 12"
International Rapeseed Congress.
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Abstract

Condensed tannins can potentially have a major impact on animal nutrition, particularly because of their ability to form
indigestible, astringent or bitter-tasting complexes with proteins. One option to overcome this problem is the breeding of
yellow-seeded rapeseed with reduced condensed tannins in the seed coat. This might be achievable via selection of genotypes with
smaller endothelium cells and consequently a spatial reduction in condensed tannin accumulation (seed coat structural cell
mutants), or alternatively by selection of genotypes with reduced biosynthesis of condensed tannins (flavonoid biosynthesis
mutants). Both types of transparent testa (tf) mutants are well-characterised in Arabidopsis, however the genetic basis of the
yellow-seed trait in the polyploid genome of rapeseed is still not completely understood. As part of ongoing research into breeding
of yellow-seeded rapeseed, the aim of this work is the development of analytical and screening procedures for condensed tannins
in oilseed rape seeds, with a view towards isolation and characterisation of the responsible genes in yellow-seeded mutants.

Introduction

Plant tannins make up a distinctive group of high molecular weight phenolic compounds that have the ability to complex
strongly with proteins, starch, cellulose and minerals. Chemically three groups of tannins are distinguishable: phlorotannins,
hydrolysable and condensed tannins (syn. proanthocyanidins). The phlorotannins have been isolated from species in several
genera of brown algae, whereas the hydrolysable and condensed tannins are widely distributed throughout the plant kingdom.
Plant tissues containing tannins include bark, wood, fruit, seeds, leaves, roots and plant galls. Different groups of tannins have
been associated with the maintenance of seed dormancy, while others have allelopathic and bactericidal properties. In rapeseed
(Brassica napus L.) condensed tannins are largely responsible for the dark colour of the seed coat, where they accumulate
predominantly in the endothelium cell layer between the outer integument and the aleurone layer. Whereas the proportion of
condensed tannins in the cotyledons of B. napus seeds is comparatively low (only 0.1-0.5% of dry weight), condensed tannins
in dark-seeded B. napus can comprise up to 6% of the seed coat. This means that they contribute significantly to rapeseed
meal, with a total content of up to 800 mg/100g after oil extraction.

By localising quantitative trait loci (QTL) for condensed tannin content in B. napus seeds and comparing these to the
positions of promising candidate #t-genes, we hope to develop closely-linked molecular markers for selection regarding
important genes involved in the accumulation of antinutritive tannins in rapeseed meal.

Methods and Materials

A dense genetic map was generated from a population of 166 doubled-haploid lines derived from a cross between an
inbred line of the black-seeded German winter oilseed rape cultivar ‘Express’ and the true-breeding, yellow-seeded line
‘1012/98°, both with 00-seed quality. Significant QTL involved in seed colour, total falvonoids and in the contents of
important flavonoid compounds were mapped usnig the software PLAB-QTL based on analyses of seeds grown in field trials
in Einbeck and Gross Gerau, Germany from 2003-2005. Seed colour was measured qunatitatively based on digital reflectance
values. Total condensed tannins were estimated by spectrometry based on the vanillin assay, while individual flavonoid
compounds were quantified via HPLC using standards to identify peaks.

Results

Large differences were found between the black- and yellow-seeded mapping parents in total condensed tannin content
and in different flavonoid compounds measured by HPLC (Figure 1). In particular the yellow-seeded line showed an absence
of epicatechin, which in Arabidopsis is thought to be the major precursor of condensed tannins in the seed coat (Lepiniec et al.
2006). However the correlation of total flavonoid content with seed colour was comparatively low (Figure 2). This suggests
that a significant proportion of the total seed flavonoids are non-coloured flavonoids that do not influence the seed colour but
may still have a nutritional effect by forming indigestible compounds with proteins, for example.
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Figure 1: HPLC measurements of flavonoid compounds in black and yellow seeded lines allowed the identification of components with large

differences in levels associated with yellow seed colour. In particular epicatechin, a precursor of condensed tannins, was absent in the parental

yellow-seeded line, while quercitin-3-glucoside was significantly increased compared to the black-seeded parent. A number of unidentifiable
proanthocyanidins, presumably including condensed tannins, also showed significant reductions in yellow-seed lines.
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Figure 2: Correlation between seed colour and total seed flavonoid content in 166 DH lines from the cross Express 617 (black seed) x
1012-98 (yellow seed). The correlation is very weak, suggesting that a significant proportion of the total flavonoids are composed of
colourless compounds that have no effect on seed colour.

Preliminary localisation of significant QTL for total flavonoids and individual flavonoid compounds indicated that some
loci co-localise with major QTL for seed colour that were described previously by Badani et al. (2006). On the other hand
numerous QTL were detected that do not appear to have a significant effect on seed colour but may represent epistatic gene
loci that contribute to the high environmental variation seen in yellow- and brown-seeded B. napus lines. By comparing the
levels of flavonoid compounds with QTL it may be possible to identify genes within the flavonoid biosynthesis pathway
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(Routaboul et al. 2006, Lepiniec et al. 2006; Figure 3) that are responsible for minor differences in seed colour in B. napus.
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Figure 3: The flavonoid biosynthesis pathway of Arabidopsis, including key structural and regulatory transparent testa (TT) genes. Detailed
knowledge of flavonoid biosynthesis can help to identify genes involved in differences observed in flavonoid composition between yellow-
and black-seeded oilseed rape lines. In particular, the lack of epicatechin in yellow-seeded lines may point to mutations in structural or
regulatory genes directly involved in epicatechin accumulation. Diagram from Routaboul et al. (2006).

Discussion

Mapping of candidate genes for flavonoid biosynthesis and comparison to QTL for major flavonoid compounds will
enable us to identify genes involved in the expression and control of seed colour in yellow-seeded oilseed rape. Mapping of
orthologous copies for relevant Arabidopsis transparent testa genes, with the help of synteny-based and map-based cloning
techniques, is currently in progress to help achieve this aim.
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Abstract

Canola protein hydrolyzates were prepared using commercial enzymes, namely Alcalase and Flavrouzyme. While Alcalase
is an endopeptidase, Flavourzyme acts as both endo- and exopeptidase. The hydrolyzate production was carried out under
pre-selected conditions to reach a desired degree of hydrolysis (DH). The hydrolyzates so prepared were effective as antioxidants
in inhibiting oxidation in model systems, mainly by scavenging of free radicals, presumably via participation of hydroxyl groups
of aromatic amino acids as hydrogen donors. This effect was concentration-dependent and was also influenced by the type of
enzyme employed in the process. The hydrolyzates were found effective in enhancing water-holding capacity and cooking yield in
a meat model system. Canola hydrolyzates are therefore useful in terms of their functionality and as functional food ingredients.

Key words: Canola, protein hydrolyzates, Alcalase, Flavourzyme, antioxidant, water-holding capacity

Introduction

Canola is a trademarked cultivar of the rapeseed family, one of the top five oilseed crops grown around the world. It has a
low content of both glucosinolates and erucic acid. Canola plant is one of the major crops in the agricultural industry of North
Anmerica, especially in Canada. Considerable quantities of canola are cultivated in Canada and the seed and oil are exported to
different parts of the world, including the United States, Mexico, Japan, China and Europe. Canola oil, as a widely consumed
edible oil, is produced from canola seeds. The oil is extracted from seeds in large scale leaving behind a bulk of protein-rich
meal as the byproduct. Utilization of canola protein following oil extraction has been a subject of continued interest.

The defatted canola meal is composed mainly of protein and is considered a potential source of protein for animal feed
and fertilizer as well as for human consumption. However, the insolubility of both crude canola meal after oil extraction and its
protein isolates has always been a challenge for their application in the food and animal feed industries. Investigations have
been carried out in order to modify the physical and chemical characteristics of canola proteins without altering their biological
and functional properties. Hydrolyzing the peptide bonds in the proteins by chemical or enzymatic means yields free amino
acids and short-chain polypeptides and has been found to be an efficient and cost effective way to enhance the solubility and
thus improving the utilization of proteins from canola meal. Protein hydrolyzates as a value-added product from different
sources have been studied. These include capelin protein hydrolyzates (Shahidi et al, 1995), seal protein hydrolyzates
(Shahidi et al., 1994), casein protein hydrolyzates (Mahmoud et al., 1992), whey protein hydrolyzates (Turgeon ef al.,, 1992),
rice bran protein hydrolyzates (Hamada, 2000) and sunflower seed protein hydrolyzates (Conde ef al., 2005), among others.
The process of hydrolysis is able to increase the solubility of proteins to various extents, depending on the protein composition
and the degree of hydrolysis. Moreover, the protein hydrolyzates produced may possess some physicochemical characteristics
and bioactivities that are not found in the original proteins, such as water-holding capacity and antioxidant activity. Shahidi ez
al. (1995) reported that capelin protein hydrolyzates at a level of 0.5-3.0% inhibited the formation of thiobarbituric acid
reactive substances (TBARS) by 17.7-60.4%. A similar effect was documented for potato protein hydrolyzates (Wang and
Xiong, 2005). However, canola protein hydrolyzates as a potential antoxidant has not been studied. This work evaluated the
antioxidant activity of canola protein hydrolyzates prepared by two different proteases, namely, Alcalase, an endopeptidase
and Flavourzyme, a mixture of endopeptidase and exopeptidase. Their water-holding capacity in a meat model system during
cooking was also examined.

Material and Methods

Preparation of canola protein hydrolyzates: Whole canola seeds were ground and defatted using hexane as the extraction
solvent. The defatted canola meal samples were vacuum-packed and stored at -20°C prior to hydrolysis. The crude protein
content in the meal was determined by Kjeldahl analysis according to the AOAC (1990) in order to calculate the enzyme to
protein ratio for the hydrolysis. The meal samples were divided into 3 groups and hydrolyzed under pre-selected conditions.
Sample 1 was hydrolyzed at 50 °C and pH 8 for 1 h using Alcalase and sample 2 at 50°C and pH 7 for 2 h using Flavourzyme;
sample 3 used the combination of the two enzymes, i.e. hydrolyzing with Alcalase for 1 h followed by Flavourzyme for an
additional 2 h. Conditions were constantly monitored and maintained throughout the process. The pH value, which changes as
a result of hydrolysis, was kept constant by addition of a known amount of sodium hydroxide. Upon completion of the
hydrolysis, the enzymes were deactivated by dropping the pH to 5. The reaction mixtures were then filtered and hydrolyzates
collected. The protein hydrolyzates obtained were freeze-dried and stored at -20 °C for subsequent analyses.

DPPH radical scavenging assay: The DPPH (1,1-diphenyl-2-picrylhydrazyl) radical scavenging activity of
enzymatically prepared canola protein hydrolyzates were determined following the procedure described by Shahidi et al.



QUALITY, NUTRITION AND PROCESSING: Processing Technology 139

(2006) with minor modifications. Hydrolyzate samples at different concentrations (1.25, 2.5, 5 and 10 mg/ml) were mixed
with 50 uM ethanolic DPPH solution and the mixtures were allowed to stand at room temperature for 30 min. The absorbance
was then read at 517 nm using a spectrophotometer and the scavenging of DPPH by protein hydrolyzates was calculated as
follows:

% scavenging = 100 X [AbScongor-(AbSgampic- AbSpiank) [/ AbScontrol,
where, AbSonrol Stands for absorbance of DPPH without protein hydrolyzates, while Absy,,, represents absorbance of protein
hydrolyzates without DPPH.

Determination of reducing power: Reducing power of canola protein hydrolyzates was measured according to Duh et al.
(2001) with some modifications. Briefly, canola protein hydrolyzates were dissolved in a 0.2M phosphate buffer solution (pH
6.6) at concentrations of 1.25, 2.5, 5 and 10 mg/ml. They were then added to a 10 mg/ml potassium ferricyanide solution and
incubated at 50°C for 20 min. To the mixtures after incubation, deionized water and a ferric chloride solution (1.0 mg/ml) were
added. The absorbance was recorded immediately at 700 nm. A control with no hydrolyzates present and a blank containing
only hydrolyzate samples were used because proteins also absorb at the same wavelength.

Determination of water-holding capacity: Water-holding capacity of canola protein hydrolyzates in a meat model system
was determined according to Shahidi and Synowiecki (1997). To a mixture containing 8.5 g of ground pork and 1.5 g of
distilled water, the canola protein hydrolyzate samples were added at concentrations of 0.5 and 1% (w/w) and mixed
thoroughly. The mixture was allowed to stand in a cold room for 1 h and subsequently cooked at 95°C in a water bath for 1 h
followed by cooling under a stream of cold tap water. The drip water was removed with a filter paper and the weight of the
meat was recorded. The drip volume was obtained by calculating the weight loss after cooking.

Results

Based on the amount of sodium hydroxide consumed over the course of the reaction, the sample hydrolyzed with
Alcalase and with the combination of Alcalase and Flavourzyme had similar degrees of hydrolysis (DH), while the lowest DH
was observed in Flavourzyme hydrolyzates (data not shown).

The results of the DPPH assay and the reducing power test show that all protein hydrolyzates possessed antioxidant
properties. Figure 1 presents the DPPH radical scavenging capacity of canola protein hydrolyzates prepared by different
enzymes. A concentration-dependent effect was observed for all protein hydrolyzates on scavenging of DPPH radicals. The
hydrolyzates generated by Alcalase alone and those generated by the combination of Alcalase and Flavourzyme appeared to
have similar scavenging capacity against DPPH radicals. The hydrolyzates prepared by Flavourzyme alone showed the
highest antioxidant activity among all samples at all concentrations.

A similar trend was obtained for reducing power. The reducing power of the hydrolyzates increased with increasing
concentration (Figure 2). The results strongly correlated with those of DPPH scavenging capacity. The Flavourzyme
hydrolyzates had the highest reducing power among all samples, while hydrolyzates by Alcalase alone and by combination of
Alcalase and Flavourzyme were not significantly different in their reduction potentials.

The canola protein hydrolyzates enhanced water-holding capacity of meat during cooking and thus improved the cooking
yield. The drip volume decreased in meat treated with protein hydrolyzates in comparison with that devoid of protein
hydrolyzates. This effect was concentration-dependent and influenced by the enzymes employed during hydrolysis (Figure 3).
Flavourzyme hydrolyzates were most effective in decreasing the drip volume, followed by hydrolyzates prepared by
combination of Alcalase and Flavourzyme and then those by Alcalase alone.
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Fig. 1. DPPH radical scavenging capacity of canola protein hydrolyzates
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Discussion

The enzymes employed in this work hydrolyzed the canola meal proteins to different degrees. The lowest DH was found
in Flavourzyme hydrolyzates, while unexpectedly, Alcalase and the combination of Alcalase and Flavourzyme resulted in
similar DH. It is possible that in the combination, the Flavourzyme did not hydrolyze or hydrolyzed only to a limited extent
the proteins and therefore most of the hydrolysis was carried out by Alcalase. In addition to varied DH, the enzymes hydrolyze
proteins in different manners, and as a result generate protein hydrolyzates with varied compositions. Alcalase as an
endopeptidase cleaves peptide bonds in the interior of the polypeptide chain, producing mainly small portions of proteins or
large polypeptides and great portions of small- and medium-size peptide fractions (Adler-Nissen, 1986). The Flavourzyme
hydrolyzates generally contain more low-molecular-weight components than Alcalase hydrolyzates, such as small/medium
peptides or amino acids, as Flavourzyme acts as both endo- and exopeptidase (Hamada, 2000). The composition of the
resultant protein hydrolyzates determines their functional properties and thus their potential applications in the food and animal
feed industries.

The canola protein hydrolyzates prepared by both enzymes exhibited antioxidant effectiveness in radical scavenging,
presumably via participation of hydroxyl groups of aromatic amino acids as hydrogen donors. Like most other antioxidants,
they also showed a reducing power in redox reactions. Their antioxidant activity was concentration-dependent and varied
among samples. Flavourzyme hydrolyzates had the highest radical scavenging capacity and reducing power, indicating that
the polypeptide fractions obtained by Flavourzyme possessed a higher antioxidant activity than those prepared by Alcalase and
the combination of Alcalase and Flavourzyme. The hydrolyzates produced by the combination of two enzymes did not differ
significantly from those by Alcalase alone in their antioxidant activity, possibly because Flavourzyme did not contribute to the
hydrolysis in combination, as discussed earlier. In addition to their antioxidant activity, all hydrolyzates had a dose-dependent
effect in enhancing the water-holding capacity of a meat model system. Their capability in improving the cooking yield of
meat was in the order of Flavourzyme hydrolyzates > combination hydrolyzates > Alcalase hydrolyzates, suggesting that
smaller-size polypeptides and/or amino acids may be more effective in enhancing water-holding capacity of meat than
larger-size polypeptides. Further studies are needed to identify the peptide fractions responsible for antioxidant potential and
water-holding capacity of the hydrolyzates.

Conclusions

Canola protein hydrolyzates prepared by commercial proteases Alcalase and Flavourzyme exhibited antioxidant efficacy
in terms of radical scavenging capacity and reducing power, with Flavourzyme hydrolyzates possessing the highest
antioxidant activity. Alcalase and the combination of Alcalase and Flavourzyme resulted in similar antioxidant activity of the
hydrolyzates. The canola protein hydrolyzates were also able to enhance the water-holding capacity of a meat model system
and therefore improve the cooking yield.
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Abstract

Rapeseed/mustard is an important oilseed crop and ranks second in the world production of oilseed after soybean and second
major oilseed crop in India. Traditionally, most of the mustard seeds are crushed for oil production and the cake obtained contains
34-40% protein, being used for animal feed or fertilizer because of the presence of glucosinolates, phytates, phenolics and fiber. In
the present study, the defatted commercial mustard cake was fractionated to obtain low hull and high protein fraction. The
fractionation reduced the fiber content by 60%. The low hull high protein fraction was used in the preparation of protein
hydrolysate. The process comprises extraction of the protein in 0.1 M NaCl containing 0.1% ascorbic acid, incubation, extraction
at optimum pH and treating with adsorbent.The protein was thermally coagulated, separated, washed and dissolved in water and
treated with enzyme alkalase and spray dried. The yield of protein hydrolysate was 60% with a protein content of 80%. The
protein hydrolysate had a very low content of isothiocyanate (0.12 mg/g) and oxazolidinethiones (0.09 mg/g) compared to the
starting material (1.69 mg/g and 2.08 mg/g respectively). The reduction in isothiocyanate and oxazolidinethiones was 98.6 and
99.1%, respectively. The process resulted in the reduction of the phytate and phenolics by 98 and 97.5%, respectively and trypsin
inhibitor activity totally inactivated. Nutritional evaluation indicated that the protein hydrolysate had better nutritional
characteristics compared to starting material. Protein hydrolysate showed good functional properties with a solubility of more than
50% in all pH values.

Key worlds: Mustard cake, Protein hydrolysate

Introduction

Mustard/rapeseed is one of the major oilseed crops of India. Most of the seeds are used for oil extraction in Ghanies or
expellers. In the traditional processing of mustard/rapeseed, the material is crushed without dehulling. The hull imparts dark
color and contributes high amount of crude fiber (27%) in the meal. The oil obtained is dark in color and is not acceptable. The
dark color cake finds very limited use in the food/feed purposes (Bell, 1984). The presence of toxic and antinutritional
constituents such as glucosinolates, phytates, phenolics and hulls limits the use of rapeseed/mustard as a source of protein in
food products. The glucosinolates are hydrolysed by the endogenous enzyme myrosinase to various toxic compounds that
interfere with thyroid function and cause liver and kidney damage (VanEtten, Daxenbicher, 1977). Phytates are strong
chelating agents that bind to polyvalent metal ions in the body including iron, calcium, magnesium and zinc rendering them
unavailable for metabolism (Rutkowski 1971). Phenolic compounds impart bitter taste and dark color to the protein and its
products. Tannins are the polyphenolics that complex with proteins suppressing the availability of essential amino acids
(Sosulki, 1979). The use of rapeseed/mustard meal is limited in the diets of monogastric animals due to high content of
indigestible fiber (Slominski, Campbell, & Guenter, 1994). Several detoxification methods including steaming, toasting, wet
heating, water washing, microbial degradation and chemical treatment have been reported in the literature (Woyewoda, &
Nakai & Watson; 1978; Maheswari, Stanley, & Gray, 1981). Membrane processing, dialysis, ultrafiltration, diafiltration,
ion-exchange and protein micellar mass (PMM) methods for the preparation of protein isolates free of glucosinolates and low
in phytates, phenolics and fiber have been reported (Tzeng et al., 1988b; Diosady, Tzeng, & Rubin, 1984; Tzeng, Diosady, &
Rubin, 1988a; Tzeng, Diosady, & Rubin, 1990). The recovery of protein by aqueous extraction followed by isoelectric
precipitation was low because of multiple isoelectric points. (El-Nockrashy, Mukherjee, & Mangold, 1977; Gururaj-Rao,
Kantharaj-Urs, & Narasinga-Rao, 1978; Aruna & Appu-Rao, 1988). Recently, in our laboratory a process for the production of
mustard protein isolate, with reduced toxic and antinutritional constituents for food and feed purposes, has been developed and
patented (Alireza-Sadeghi, Appu-Rao, & Bhagya, 2004; Alireza-Sadeghi, Appu-Rao, & Bhagya, 2006 ). The use of heat
adversely affects the functional properties of protein, therefore enzyme hydrolysis was used to improve the functional
properties of protein.

Material and Methods

Protein hydrolystae was prepared according to the method developed and standardized in our laboratory
(Alireza-Sadeghi, Appu-Rao, & Bhagya, 2006 ) with some modification to include enzyme hydrolysis step. Defatted
commercial cake was fractionated to obtain three fraction with different hull contents, The low hull fraction was used for
experiment. The low hull fraction of cake was dispersed in 0.1M NaCl containing 0.1% w/v ascorbic acid, in a ratio of 1:15
(w/v) and incubated at 37 °C for 30min. Then the pH was adjusted to 11 with addition of 1N NaOH. The dispersion was
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subjected to shaking for 30 min at room temperature before centrifuging at 5000 rpm for 20 min. The pH of the supernatant
was readjusted to 7.0 with IN HCI. Activated carbon granules (2% w/v) were added and kept for shaking for 1h and filtered.
Live steam was injected to the supernatant to raise the temperature to 93 + 2°C for a period of 10 minatant was readjusted to
7.0 with IN HCI.  Activated carbon granules ()g for 30 min at room temperature before centr, cooled and centrifuged at 5000
rpm to separate protein. The coagulated protein after washing was dispersed in water to a solid content of 20% and adjusted to
pH 8. Enzyme Alcalase (1ml/100g dry protein) was added and incubated at S0°C for 1h. After hydrolysis, the temperature
was raised to 85°C for 10 min to inactivate enzyme, the solution was spray dried to obtain protein hydrolysate. The protein
hydrolysate was analyzed for the presence of antinutritional factors and removal of them was calculated. The nutritional and
functional properties of protein hydrolysates were calculated using appropriate methods.

Results

The chemical composition of whole seed, cake and its fractions are given in Table 1. The oil extraction by Ghani pressing
increased the protein and crude fiber contents of cake from 25 to 32% and 11 to 14% respectively, compared to the starting
seeds. The cake obtained after Ghani pressing still contained around 13% oil and was recovered by solvent extraction to obtain
a defatted cake with low oil content. Removal of oil was beneficial during separation into three different fractions. The
chemical composition of the fine and coarse fractions didn’t show any significant differences (Table 1). These two fractions
were combined and named as “low hull high protein fraction”.

Table 1. Chemical Composition of Mustard Seed, Cake and its Fractions

. Whole seed Low Hull Low Hull Coarse . .
Constituents (Commercial Variety) Cac Fine Fraction Fraction High Hull Fraction
Moisture 63+0.3 112+02 8.8+0.2 9+0.1 9+03

Protein (N x 6.25) 248+04 323+0.8 40.8+0.2 40.6+0.2 30.5+0.5
Ash 37+0.1 54+02 6+0.15 6.2+0.1 55+02

Fat 37.7+0.1 132+03 22+0.1 22+0.1 22+0.1

Crude Fiber 11+£05 14+05 53+02 5.5+0.1 17+£0.5
Carbohydrate 165+03 239405 369403 365402 358404

(by diff)

The high hull fraction contained low protein and higher amount of crude fiber (17%). Separation of hull increased the
protein content and reduced the crude fiber content. The results showed that defatting and fractionation reduced the amount of
crude fiber by 60 % and increased the amount of protein by 28 % compared to the starting cake.

The anti-nutritional factors presented in low hull fraction and protein hydrolysate are presented in Table 2. The content of
isothiocyanate and oxazolidinethione in low hull fraction was 1.69 and 2.08 mg/g and it reduced to 0.12 and 0.09 mg/g in
protein hydrolysate, respectively. The reduction achieved was around 99% as compared to low hull fraction of cake. The
phenolics and phytic acid content of low hull fraction were 1.8 and 5.3%, respectively. In the protein hydrolysate, they were
reduced to 0.15 and 0.35%, respectively. The reduction of these constituents was around 98% on the basis of protein yield. The
trypsin inhibitor activity in low hull fraction was 3.8 TIU/mg of protein and completely inactivated in protein hydrolysates.

Table 2-Anti-nutritional Factors Present in Low Hull Fraction of

Constituents Low Hull Fraction of Cake Protein hydrolysate Removal (%)
Isothiocyanates (mg/g) 1.69+ 0.7 0.12+0.01 98.6+0.1
5-Vinyloxazolidine-2-thione (mg/g) 2.08+0.04 0.09 +0.005 99.1£0.1
Phenolics (%) 1.8+0.05 0.15+0.02 97.5+0.2
Phytic Acid (%) 5.3+0.08 0.35+0.05 98+0.2
Trypsin Inhibitor activity (TIU/mg protein) 35+0.1 ND 100

Table 3.Nutritional Indices of Low Hull Fraction of Cake and Protein Hydrolysate

Parameters Low Hull Fraction of Cake Protein Hydrolysate from Cake

In vitro protein digestibility (%0)* 80.6+0.5 94.8+0.2
C-PER 21 246
Essential Amino Acid Index 80.9 85.7
Predicted Biological Value 76.5 81.7
Nutritional Index 332 65.1
2-5 years old 68.8 69.2

PDCASS 10-12 years old 90 91

Adults 100 100

Available lysine (%) 4.45+0.05 3.75£0.05

Cake and Protein hydrolysate

The calculated nutritional indices of low hull fraction of cake and protein hydrolysate are presented in table 3. The
increased in vitro digestibility may be due to enzyme hydrolysis of proteins. All nutritional indices were higher
in protein hydrolysate compared to low hull fraction of cake indicating higher nutritional value of protein hydrolysate.
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Figure 1 show the protein solubility profile of cake protein hydrolysate (DH 8.7 + 0.15) compared to protein concentrate
and low hull fraction of cake at different pH values. The protein concentrate prepared from low hull fraction of cake (without
using enzyme hydrolysis) had a solubility of 20-35% which increased to 50-65% on hydrolysis.

Table 2 shows the functional properties of low hull fraction of cake, protein concentrate and hydrolysate. In all cases,
except foam stability, other functional properties improve due to protein hydrolysis compared to protein concentrate.
Apparently, hydrolysate are capable of foaming but lack strength to maintain the foam as a result of reduction in molecular
(peptide) size.

100
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Protein Hydrolysate
50+
40+

30 =

Protein Extracted %
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Fig 1. Protein Solubility Profile of Low Hull Fraction of Cake,
Protein Concentrate and Hydrolysate

Table 4. Functional properties of cake, protein concentrate and hydrolysate

Water absorption Fat absorption capacity o N Emulsion capacity
Sample capacity 2/100g ml/100g Foam capacity % Foam stability % mlg
Low hull fraction of cake 270+5 160+5 90+3 75+5 54+1
Cake protein concentrate 204+3 90+5 55+5 45+3 31+0.5
Cake protein hydrolysate 256+5 132£5 85+5 40+3 405+0.5
Discussion

Different step of protein recovery including activated carbon treatment, heat coagulation and washing removes all
antinutritional constituents with high yield and a protein hydrolysate with 80% protein content. Enzyme modification
improves protein solubility and therefore positively affects other functional properties. The nutritional value expressed by
different indices shows a high quality protein which can be used in human diet.

Conclusion

The detoxification process that used in this research removes more than 98 % of all antinutritional factors present in
original material. The protein without hydrolysis showed good nutritional values but lack proper functional properties.
Enzyme modification by alkalase improved functional properties and protein showed proper functionality for food uses.
Therefore incorporation of enzyme modification in extraction method can improve protein functionality for food uses.
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Abstract

Epidemiologic studies have shown that cardiovascular disease (CVD) risk increases in subjects with the lowest
alpha-linolenic acid (ALA) intake or plasmatic levels. Recommendations propose a mimimum ALA intake of 2g/day: 0.8% total
caloric intake (TCI), but the population is generally below 1g/day (0.4%TCI).

Our objective was to study modifications induced by higher levels of ALA intake, in long-term-diet of 22 healthy men
(Monks), via consumption of vegetable oils: 30g per day of a blend (Protect) including 58% as rapeseed or pure rapeseed oil
(ALAL.S and 2.7g/d from oil respectively), inducing an increase of ALA-TCI from the basal diet (0.4%) to 0.93% and 1.36%
respectively. Except the changes in oil consumption, the subjects did not modify their dietary habits. Plasma fatty acids were
analyzed in phospholipids and cholesteryl esters, and compared to those of the basal diet (30g/d of vegetable oil devoided of
ALA).

Results show that increasing levels of ALA in the two diets (Protect and Rapeseed) significantly increases the plasma ALA
levels by 90% and 200% respectively and is associated with an increased conversion to Long Chains (LCn-3): EPA by 60% and
130% respectively, but not docosahexaenoic acid (DHA). These modifications, associated to the stability of plasma arachidonic
acid (AA) levels, induce a reduction of the pro-aggregating ratio AA/EPA. The plasma lipids (TC, LDL, HDL, TG) remained
stable.

Simple nutritional modifications introducing rapeseed oil (pure or in blends) in the usual diet thus increase ALA levels to
recommended protective values and could provide an easy way to increase the n-3 cardiovascular protection via the plasma
increase of both precursor-ALA and LC-EPA and by reducing the pro-aggregating ratio (AA/EPA).

Key words: Rapeseed oil, alpha-linolenic acid (ALA), eicosapentaenoic acid (EPA), bioconversion, n-3 fatty acids.

Introduction

Cardiovascular disease (CVD) is the number one public health problem in western countries and epidemiologic studies
have shown that the risks of coronary heart disease and stroke occurred in subjects whose levels of alpha-linolenic acid (ALA)
intake or plasma ALA levels are the lowest and lower than in healthy subjects (1-3).

Furthermore, the plasma levels of ALA in cholesteryl esters (CE) have been shown to represent a good marker (or factor)
of protection against stroke and cardiovascular diseases.

Secondary intervention studies reported that rapeseed oil consumption (ALA rich oil) by increasing plasma ALA levels
could be protective against these diseases (Lyon Study) (4-5).

In many western countries, the dietary intake of ALA is far below the recommendations of guidelines: the levels of ALA
represent only 0.3 to 0.4% of the total caloric intake (TCI) (6-7), while the recommendations require 0.8% at least (2g per day
or more) (8).

Our objective was to introduce the consumption of rapeseed blend and pure rapeseed oils, in long-term-diets of a group
of healthy human males, to reach ALA intake recommendations and to evaluate the modifications induced on plasma ALA
bioavailability and bioconversion to long chain derivatives of n-3 (LC-n-3: eicosapentanoic acid EPA and docosahexaenoic
acid DHA).

By using these rapeseed blend or pure oils, the tested diets will allow an enrichment in ALA intake and a simultaneous
impoverishment in linoleic acid (LA) resulting in a lower LA/ALA ratio (recommended value of 5) which is also thought to
modulate the bioconversion of ALA to LC-n-3: EPA and DHA.

Methods

Diet and study design

The protocole was carried on 22 healthy men living in a monastery (mean age 55 £20 years). The natural level of oil
consumption by the subjects was 30 g/day (sunflower) during the Basal diet and was maintained during the whole protocole,
including the consumption of a rapeseed blend (Protect) or pure rapeseed oils for 4 months each. The oils were provided by
Lesieur Company.
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The Protect blend and pure Rapeseed oils were both rich in ALA, (5% and 9% respectively). In Rapeseed oil, the level
of LA is naturally low (23%) and the oleic acid (OL) level is high (59%). Protect blend was prepared with 58% of rapeseed oil
supplemented with 24% of olive oil in order to obtain levels of LA and OL similar to Rapeseed (table). The LA/ALA ratios
were drastically decreased: 4.9 for the Protect blend, 2.6 for the Rapeseed compared to the Sunflower oil (devoided of ALA)
used in the Basal diet of the Monastry (670).

Since the oil consumption of subjects was maintained at 30 g/day, the ALA intake introduced by Protect blend and
Rapeseed oils were respectively 1.49 g/day and 2.7 g/day, compared to the 0.03 g/day of the basal Sunflower oil.

The fatty acid (FA) compositions of the two tested oils were very similar in terms of OL and LA and the major difference
was the level of ALA, almost double for Rapeseed oil compared to Protect blend oil.

Table: Fatty acid distribution in vegetable oils

Diets Basal Protect Rapeseed
Fatty acid composition of the different oils
18:1n-9 (OL) 20.0 57.8 59.0
18:2n-6 (LA) 67.0 244 23.0
18:3n-3 (ALA) 0.1 50 9.0
18:2n-6/18:3n-3 (LA/ALA) 670.0 49 2.6

Except for the changes in oil consumption, the subjects did not modify their dietary habits during the whole protocole:
both basal and interventional diets provided roughly 2500 kcal and 15% of energy as proteins, 51% as carbohydrates and 34%
as lipids.

The FA composition of the Basal diet was represented by 11% of saturated (30 g/day), 11% of monounsaturated (30
g/day) and 12% of polyunsaturated FA (33 g/day) due to the natural consumption of highly polyunsaturated sunflower oil (30
g/day) in the Monastry at the beginning of the protocole.

Compared to the Basal sunflower diet, the dietary modifications resulted in an increase of ALA intake during the Protect
and Rapeseed diets (+136% and +245% respectively, fig. 1A), an increase of OL (+50%) and a decrease of LA (-50%) intakes
for both Protect and Rapeseed diets (fig. 1B). In terms of total caloric intake (TCI), the ALA intake of Protect and Rapeseed
diets represented respectively 0.9% and 1.4% of TCI (higher than the Basal diet and the recommended values: 0.4% and 0.8%
respectively). The LA/ALA ratio was reduced within the recommended values, from 5.4 to 3.6, which is far below the value
of Basal sunflower diet (23.8, fig. 1C).

[ ] Basal diet O Protect diet O Rapeseed diet
4 40 25
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18:3n-3 (ALA) 18:1n-9 (OL)  18:2n-6 (LA) 18:2/18:3 (LA / ALA)
A B C

Fig. 1: Quantities of ALA (A), OL and LA (B) and LA/ALA ratios (C) in the dietary intake

Plasma lipid  analysis
The impact of these diets on lipids (total cholesterol, triglycerides, LDL-cholesterol, HDL-cholesterol) was assessed by

enzymatic commercial kits.
The plasma fatty acids (FA) were analyzed in phospholipids (PL) and cholesterol esters (CE) by gas-liquid
chromatography, and compared to those of the Basal diet.

Statistics
Statistical analysis were performed by ANOVA, followed by student’s t-test. Different letters indicate significant

differences between diets (p< 0.05).
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Fig. 2: Plasma levels of 18:3 n-3 (ALA)
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Results

The plasma lipids (Total Cholesterol, LDL-C, HDL-C and Triglycerides) remained stable whatever the diet consumed
(data not shown).

Compliance

Compliance of the subjects with the diets was verified by the evaluation of the plasma FA modifications resulting of the
dietary FA changes introduced by the protocole: plasma OL increased and LA decreased significantly with the two
interventional diets (data not shown). Thus, plasma FA modifications corresponded to the FA changes of the dietary protocole.

Bioavailability and bioconversion of ALA to LCn-3

FA of plasma PL and CE showed that raising the levels of ALA with Protect and Rapeseed diets significantly increased
the plasma ALA levels by around 90% and 200% respectively (fig. 2).

Higher levels of plasma ALA obtained with Protect and Rapeseed diets compared to Basal diet were associated with an
increased conversion to EPA by 60% and 130% respectively (fig. 3A). No significant modification of DHA levels was
observed (fig. 3B).
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Fig. 3: Plasma levels of 20:5 n-3 (EPA),(A), and 22:6n-3 (DHA), (B).

Plasma ratios: AA/EPA and LA/ALA

Despite the decrease in LA observed in plasma PL (-10% to -15%) with Protect and Rapeseed diets, the levels of
arachidonic acid (20:4n-6, AA) were not significantly modified (data not shown). However, a dramatic significant reduction of
the pro-aggregant 20:4n-6/20:5n-3 ratio (AA/EPA), due to the increase of EPA, was obtained: -38% and -61% in plasma PL
with Protect and Rapeseed diets respectively (fig. 4A). Compared to the Basal diet, the ratio of precursors, LA/ALA, was also
significantly reduced in plasma PL with both diets: by half with Protect and by four with Rapeseed (fig. 4B)
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Fig. 4: Plasma levels of AA/EPA (A), and LA/ALA (B).

Individual variations of plasma FA

Analysis of individual variations of plasma FA showed clearly the benefit of the two interventional diets enriched in ALA
on the plasma levels of ALA and EPA (fig.5A-C).

All subjects at the end of Protect and Rapeseed diets presented ALA levels in plasma CE above the values of 0.6% and
0.8% respectively (fig.5A), values which had been proposed for protection against stroke and cardiovascular diseases.
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Fig. 5: Individual variations of plasma fatty acids
(A) ALA in plasma CE, (B) ALA in plasma PL, (C) EPA in plasma PL
Conclusions

Simple nutritional modifications, introducing rapeseed oil (pure or in blend) in the usual diet, increase ALA intakes to
recommended protective values and could provide an easy way to increase the n-3 cardiovascular protection via the plasma
increase of both ALA and LC-EPA and by reducing the pro-aggregant ratio (AA/EPA).
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Abstract

In this paper, the research results that were carried out in our laboratory have been reported about the composition, extraction,
isolation and structure of phytosterol from deodorizer distillates of rapeseed in our country. The preparation of phytosterol ester
that is the derivant of phytosterol has also been covered in this paper. Furthermore, the results about the bioactivities of phytosterol
and phytosterol ester, such as antioxidant, serum lipid-lowering, inhibiting tumor and immune enhancement, have also been
reported in this paper. These research results provided reliable and theoretical basis for the preparation process of phytosterol and
phytosterol ester from deodorizer distillates of rapeseed, and also for the comprehensive utilizations of products with high
additional value.

Key words: Rapeseed, Deodorizer distillates, Phytosterol, Phytosterol ester, Bioactivities

1. Introduction

Phytosterol is a kind of natural substance which structure is similar to cholosterol. It is mainly composed of B-sitosterol,
stigmasterol, brassicasterol and campesterol. The study on phytosterol has attracted many research interests in the word
because phytosterol bears several functions, such as high safety, inhibiting the absorption of cholesterol and preventing from
coronary atherosclerosis. The main method to obtain phytosterol is extracting from deodorizer distillates of vegetable oil when
oil was refined. And phytosterol product can be widely used in medicine, foods, cosmetic and feeds. In our laboratory, we
have studied the composition, extraction, isolation and structure of phytosterol from deodorizer distillates of rapeseed, studied
the preparation of phytosterol ester that is the derivant of phytosterol. The bioactivities of phytosterol and phytosterol ester,
such as antioxidant, serum lipid-lowering, inhibiting tumor and immune enhancement were also reported through our research.
The application of plytosterols ester was also discussed in this paper.

2. The analytical method of phytosterol ester and its composition

Gas-chromatography(GC) method for the quantitative determination of phytosterols was developed.
Gas-chromatography separate condition were selected as follows: HP-5 capillary gas-chromatography column; flame
ionization detector(FID); injector temperature 300°C; oven temperature 285°C; squalane as internal standard. The method has
the advantages of exact and quick.

The determination method of phytosterols ester was established. Methanol sodium as catalyzer, phytosterols ester sample
were interesterificated with methanol. The compose and relatively content of fatty acid methyl ester were determinated by GC,
accordingly, species and content of fatty acid could be determined. Phytosterols ester sample were saponificated in
KOH-alcohol solution, reaction temperature 80°C, reaction time 2h. Phytosterols ester was translated into free phytosterols.
Then, through determining the content of free phytosterols by GC, make a conversion to the content of corresponding
phytosterols ester respectively.

UV spectrum, IR spectrum and GC-MS were used to determine the structure of the phytosterols and phytosterols ester.
GC-MS crack law of phytosterols and phytosterols ester were summarized.

3. Study on preparation of plytosterols ester

Using pyridine as catalyst, phytosterols acetate (PSA) was synthesized by direct esterification of phytosterols and acetic
anhydride. The effect of factors on the yield was studied. The optimal synthetic conditions were as follows: molar ratio of
phytosterols to acetic anhydride to pyridine was above 1:9:5; Reaction temperature was 85°C and reaction time was 2h. The
recrystallization method phytosterols acetate were researched. Results of GC analysis of the product show that the purity of
product was above 98%.

Phytosterols oletate(PSO) were synthesized by direct esterification of phytosterols and oleic acid. The optimal synthetic
conditions obtained were as follows: using sodium bisulfate as catalyst(2.0% molar of phytosterols); molar ratio of oleicacid to
phytosterols was 1.3, reaction temperature was 135°C and reaction time was 8h. The yield of esterify reached 84.3%, the
purity of product was above 90%.

Phytosterols stearic (PSS) were synthesized by direct esterification of phytosterols and stearic acid. Through factorial
design, the optimal synthetic conditions were obtained as follows: molar ratio of phytosterols to stearic acid was above 1:1.2;
reaction temperature was 135°C and reaction time was 7h. The yield of esterification was 87.8%. Recrystallization method of
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phytosterols stearic were researched, the purity of product was above 95%.

4.The antioxidant experiment of phytosterol in lard

The experiments adopted different dosage of phytosterol and different synergism to study the antioxidantive of
phytosterol in lard. The results of experiment showed that phytosterol had strong antioxidantive activity in lard, which was
concentration dependent. EDTA was the best synergism, next was vitamine E, vitamine C and citric acid.

5.Study on serum lipid-lowering bioactivities of plytosterols ester

Study on the preventive and therapeutic effects of three phytosterol esters (PSA, PSO, PSS) on diet-induced
hyperlipidemia in mice and their structure-activity relationships. On preventive experiments, forty healthy, male Kunming
mice were randomly divided into five groups on body weight, eight mice per group. The control groups were fed with normal
weight, while hyperlipidemic group were fed with the high-cholesterol diet. The rest three groups were given the
high-cholesterol diets. At the same time, they were respectively given with three phytosterol esters at the level of 100mg/kg
body weight. The effect of phytosterol ester on lipid metabolism in mice was studied. The experiment lasted twenty-eight days.
Results showed that compared with the hyperlipidemic group, phytosterol ester could significantly lower the cholesterol levels
of mice, including the serum TC, LDL-C and arteriosclerosis index (AI). They also could lower the liver weight, TC and TG.
PSA and PSO had ideal preventive effects on diet-induced hyperlipidemia in mice and better than PSS.

6.Study on effect of inhibiting tumor and function of immune enhancement of plytosterols ester

Investigated the anti-tumor effect of Phytosterol Acetate(PSA) and Phytosterols Oletate(PSO). PSA (10,50mg/kg.d) and
PSO(10, 50mg/kg.d) were given respectively to mice bearing transplanted tumor S;g,by intraperitoneal injection for 9 days.
The inhibiting rate of tumor growth, thymus index, spleen index, activity of catalase were detected. Results showed that both
PSA group could inhibit the growth of Sgcell efficiently and increase the activity of catalase in erythrocyte of Sig, cell in
mice, exhibiting dosage-depended. Effect of inhibiting tumor of PSO was better than PSA.

Evaluated the effect of phytosterol oletate (PSO) on the immune function of Sg-bearing mice. Fifty mice bearing
transplanted tumor S;gy were used as animal model. The effects of PSO on the immune function were observed by
intraperitioneal injecting different doses of PSO-1 (10mg/kg.d), PSO-2 (50mg/kg.d) and cyclophosphamide (20mg/kg.d) to
mice respectively. Compared with the Sg¢-bearing mice model group, PSO could enhance significantly the phagocytosing
ratio and the phagocytosing index ( p<0.05), the effects of S5y were better than cyclophosphamide; PSO also could improve
evidently delayed-type hypersensitivity (p<0.05), but worse than cyclophosphamide; PSO could increased formation of
antibody in splenic cells of Sigp-bearing mice, but there is not remarkable different (p>0.05). The results showed that PSO
could improved immunologic function of mice.

7. Study on application of plytosterols ester

We have studied the soluble capacity of phytosterols ester and phytosterols. There are significant different in the soluble
capacity among three phytosterols esters. Solubility(g/100mL, 20°C) of phytosterols in soy salad oil was 1.55, PSO was 31.8,
PSA was 8.07, PSS was 1.82; The soluble capacity of solubility was: PSO>PSA>PSS>Phytosterols.

The functional mayonnaise could be make up by adding PSO(2.5%) and natural tocopherol(0.5%) in the ordinary
mayonnaise food. The optimum ingredients of the functional mayonnaise product were as follows: special soy salad
oil(include PSO 3.5%, Vg 0.7%) 74 shares, yolk 14 shares and vinegar 9 shares.
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Abstract

Results on the low linolenic rapeseed oils frying stability were presented at the 11 International rapeseed congress in 2003
(2000 and 2001 studies).

Additional studies were undertaken in 2003 and 2004 on rapeseed oils displaying modified fatty acid (FA) composition : low
linolenic (LL) content (between 1,1 and 3%), high oleic (HO) content (76,5 %), or both low linolenic (2,5 and 2,7%) and high
oleic content (75%) (LL/HO).

Six pilot plant processed samples of refined rapeseed oils were evaluated for chemical properties and involved in tests for
food and non-food applications.

Six room-odor tests were carried out on four experimental oil samples used as frying oil. Check was sunflower oil. Intensity
and quality of the flavour were ranked by the panellists after the first, fourth and eighth frying. The 2003 study confirmed that
the effect of a higher oleic content is not significant on room-odor performances. Studies of 2003 and 2005 confirmed that the low
linolenic rapeseed oil at 2,5 % ranked slightly bellow the sunflower ol (paint and fishy flavours detected at the 4™ and 8" frying)
meanwhile low linolenic oil at 1,1 % is equivalent and even better than sunflower oil.

Regarding the chemical alteration of the oils during frying, polar component content showed that the LL/HO rapeseed oil
seemed to perform better, suggesting an effect of the total unsaturation level on this property.

Chemical and physical checks were also carried out at the laboratory for lubricant uses in 2001, 2003 and 2004 studies.
Better performances for hydrolytic and oxidation resistances (equivalent to a 80 % oleic sunflower oil) were obtained with the oils
LL/HO oils.

Trials have finally been conducted to check the ability of such modified FA rapeseed oils as raw material for biofuel after a
trans-esterification stage. LL/HO oils appeared to improve of 3 to 5 points the cetane index (EN ISO 5165) against the industrial
control meanwhile other parameters have not clearly improved, leading to conclude that such modified oils are not necessary at the
present time for the biodiesel market.

These works showed that the new LL/HO rapeseed cultivars could allow to extend rapeseed oil uses in both food (frying in
substitution to hydrogenated fats) and non-food applications like lubricants.

Key words : rapeseed, room-odor, linolenic acid, oleic acid, frying, oxidation stability

Introduction

When used in deep fat frying, rapeseed oil gives off an odor in the kitchen which is perceived to be unpleasant
(room-odor) by the homeowner, who is accustomed to peanut or sunflower oils. France, due to its own regulation, is the only
country in the world to exclude oils containing more than 2% of linolenic acid for deep-fat frying. Some previous works from
France and Canada have already shown that low-linolenic rapeseed oils (LL type) had a significantly better behaviour in
frying than a normal rapeseed oil ; this behavior is very close to that of a sunflower oil.

Moreover, a high linolenic acid content in rapeseed oil restricts non-food applications as lubricants in warm conditions.

Several experimental cultivars with low content of linolenic acid and high content of oleic acid (HO type) are actually
proposed by the plant breeding with the objective to develop food and non-food utilizations. Two studies (2000 and 2001) led
to define the minimal limit acceptable for linolenic acid in order to obtain equivalent performances in room-odor between
rapeseed oils and sunflower oils. The oil with a linolenic acid content of 1.1% is equivalent to sunflower after the first, the
fourth and eighth frying. In contrary, panelists judged the oils with 2.2% and 3.5% of linolenic acid to have significantly higher
intensities for fishy and paints odors. A high content in oleic acid did not appear to improve the flavor quality: the oil with
2.2% of linolenic acid and 64.3% of oleic acid was equivalent to the oil with 1.9% of linolenic acid and 78.8% of oleic acid.

Further studies were undertaken in 2003 and 2004 on six rapeseed oils displaying modified fatty acid composition : low
linolenic (LL) content (between 1 and 3%), high oleic (HO) content (>75 %), or both low linolenic and high oleic contents in
order to evaluate their ability to be used in both food (frying in substitution to hydrogenated fats) and non-food applications
like lubricants and biofuels.

Materials and methods
Crop and Processing. Five rapeseed cultivars were selected for their low linolenic content (between 1 and 3 %) and/or for
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their high oleic content (more than 75%) and cropped in 2003 and in 2004 by a private company and by a French public lab.
The experimental seeds were crushed in the oil pilot plant Creol. Crude oils were refined by Iterg. One additional sample of
refined LL/HO rapeseed oil (commercial LL/HO oil) was supplied by a seed company. The fatty acids (FA) modified
rapeseed oils were compared to commercial oils: conventional sunflower and rapeseed oils.

Quality assessment. Analytical determinations were done on crude oils and refined oils ; analysis of frying oils were also
done : peroxyde values according to NF T60-220, oleic acidity according to NF EN ISO 660, fatty acids analysis by gas
chromatography according to NF EN ISO 5509 and NF EN ISO 5508, iron and copper by atomic absorption (NF EN ISO
8294), phosphorus by atomic absorption (IUPAC 2.423), tocopherols and tocotrienols by high performance liquid
chromatography (IUPAC 2.432)(ISO 9936), polar compounds in frying oils (NF EN ISO 8420).

Frying performances.

LL and LL/HO experimental oils were evaluated for their performances in frying.

Room-odor tests. Room odor tests allow an evaluation and a comparison, in confined conditions, of flavours from two
frying baths during cooking of potatoes :volume of frying bath : 2.5 litters, 360 g of French fries by bath, temperature of the
bath : 180°C, eight frying called F1 to F8 for each oil.

Evaluation. Frying odors are evaluated by each member of the Iterg panel (13 people) after the first, the fourth and the
eighth frying. The global quality of odor is determined by a score between 2 and 10. Odors are described through five
characteristics with a scale going from weak to strong : fruity, burnt, acrid, painty and fishy.

Biolubricant performances.

The LL, LL/HO but also the HO rapeseed oils were also assessed as vegetable oil bases for lubricants.

Results for the 2001 oils are also given for a most comprehensive analisis.

Several chemical and physical tests were made by an accredited private lab to check the ability of the oils in relation to
lubricant applications : cinematic viscosity (ASTM D445) at 40°c and 100°c, viscosity index, pour point (ASTM D 97),
anti-wear property by the HFRR test (ISO 12156, ASTM D 147), oxidation stability at 99°C of steam turbine oils by rotating
bomb (RBOT) according to ASTM D 2272, oxidation and hydrolytic stability according to Baader tests at 95°C (60 ml of oil,
copper spiral, 72 hours, agitation 25 rotations per minute (rtm)), demulsibility according to ASTM D 1401 (54°C, 40 ml of oil,
40 ml water, 1500 rtm during 5 minutes).

Biofuels performances.

The LL, LL/HO, and HO rapeseed oils were finally checked at the lab scale for biofuel use.

The rapeseed oil methyl esters (RME) were synthesised at the lab scale ITERG in 2003 and a private lab in 2004) by
methanolysis path using an alkaline catalysis (transesterification reaction).

The experimental RME were fully controlled according to the European standard for automotive fuels- fatty acid methyl
ester for diesel engines requirements and tests methods EN 14214. Quality of the esterification was verified as required by the
standard: acid index and acidity (mg KOH/:g) NF ISO 660, peroxide index (NF T60-220), water content Karl Fisher (NF ISO
8534), methyl esters content (NF T 60-703), methanol content (NF T60-701), free, mono, di and tri glycerides (ITERG
methods).

Special attention was done to the following characteristics included in the requirements list: iodine index (NF EN 14111),
cold filter plugging point (CFPG, EN 116) which is a climatic dependent parameter, oxidation stability through the accelerated
oxidation Rancimat test (110°c, 10g/l, 3g; NF EN 14112) and Cetane index (EN ISO 5165), which were expected to be
improved with the FA modification.

Finally the cold performance of the RME was assessed by the pour point measurement (ASTM 5771).

Results and discussion

Quality of the oils
Fatty compositions. The fatty acid composition of the refined rapeseed and sunflower oils is given in the table 1.

Table 1 : Fatty acid composition (%) of the modified rapeseed oils

Qils 2003 Qils 2004
FA. LL2.7/HO LL23 Sunflower LL 2.4/HO Sunflower
LL1 LL25 HO 76.4 /HO 72.6
754 . (control) 76.8 (control)
commercial

16:0 3.6 4 43 39 3.6 6 3.8 6.2
18:0 1.5 1.5 1.7 1.5 1.6 39 22 4
18:1 63.6 64.1 754 76.4 72.6 294 76.8 25
18:2 26.7 233 12.7 7.6 157 58.8 11 62.2
18:3 1 2.5 2.7 6.8 2.3 0.1 24 0.1
20:0 0.6 0.6 0.6 0.5 0.6 0.3 0.8 0.3
20:1 14 1.7 13 1.5 1.5 0.1 1.3 02

22:1 <0.1 0.6 <0.1 0.2 0.6 <0.1 <0.1 0.1
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Quality assessment of refined oils. The quality of experimental refined oils were in accordance with the rule of the Codex
Alimentarius (tables 2 and 3). The peroxyde and oleic acidity values are largely below the Codex limits: 10 meqO2/kg for the
peroxyde value and 0.3% for the oleic acidity. The refining has eliminated the prooxidant metals (iron and copper) the contents
of which are also largely below the Codex limits. The degumming has eliminated phosphorus (content below detection limits,
fixed at 5 ppm).

Table 2 : Quality parameters of the experimented rapeseed oils-

Te521125003 P(erﬁ):cﬁﬁ)m Oleic acidity (%) (rrllrg(/)lilg) (?r(l);iegr) P}(lr(ﬁg/}lg)us
LL1 <0.1 0.03+0,01 0,05 0,01 <5
LL25 <0.1 0.01+0,01 0.071 0.01 <5
LL27MHO754 <0.1 0.04+0,01 0.012 0.008 <5
HO 76.4 <0.1 0.02+£0,01 0.18+0.09 <0,005 <5
LL 2.3/HO 72.6 commercial 6325 ND ND ND ND
Sunflower (control) 36+15 0.02+0,01 <0.005 <0,005 <5

Tests 2004

LL2.4/HO 76.8 <0.1 0.03+0,01 0.048 0.006 <5
Sunflower (control) 0.007 0.005 <5

ND : non determined

Table 3 : Tocopherol content of the modified rapeseed oils (mg/kg)

oils o B Y h) Total
Tests 2003 % of total % of total
LL1 183 334% <DL 358 654 % 6 547+ 82
LL25 160 31.3% <DL 344 67.3% 8 51177
LL2.7/HO 754 192 358 % <DL 337 62.8 % 8 536+ 80
HO 764 200 34.8% <DL 368 64 % 8 575+ 86
LL2.3 /HO 72.6 commercial 242 35.6% <2 428 62.9% 11 680+ 102
Sunflower (control) 659 94.8% 23 10 14 % 3 695+ 148
Tests 2004
LL24/HO 76.8 234 402 % 3 334 575% 10 58187
Sunflower (control) 684 95 % 26 8 1.1% 2 720+ 108

DL = detection limit

The total tocopherol content of the modified rapeseed oils is similar to the content of the conventional rapeseed refined oil
(500 to 870 ppm, depending on the seed quality and on the refining) — (Table 3). The composition is not affected by the fatty
acid profile modification, the y type remaining predominant (57-65%) and the o type ranking second (30-40%); in accordance
with the bibliography (a-tocopherols : 25-38%, B : 0-5 %, y : 62-70%, & : 0-6 %, source : Manuel des Corps Gras, Lavoisier
TEC & DOC, p. 131, 1992).

Frying performances

Quality assessment of firying oils. The oleic acidity of refined oils and the content of polar components were determined
after the first F1 and the eighth frying F§ (table 4). Few free fatty acids have been produced in rapeseed and sunflower oils (see
the oleic acidity). After 8 frying, the polar components content is in conformity with the French regulation : less than 25% of
polar components for food uses. After the first frying F1, the polar components content is in conformity with what is
traditionally observed with rapeseed oils : 3 to 4% of polar components. Nevertheless after the 8™ frying, the best result is got
with the d ouble traits LL/HO rapeseed oil in both tests 2003 and 2004 suggesting a favourable effect of the linolenic acid
content but also of the total unsaturation decreases.

Table 4 : Oleic acidity and polar components in frying oils after first (F1) and eight frying (F8) — tests 2003 and 2004

Oils Oleic acidity (% m/m) Polar components (%)
after F1 after F8 after F1 after F8
Test 2003
LL1 0.03+0.01 0.10£0.01 41+15 133+15
LL25 0.01 £0.00 0.05+0.01 3+1.5 109+15
LL2.7HO 75.4 0.005 +0.01 0.08£0.01 3+15 68+15
Sunflower (control) 0.02+0.01 0.07 £0.01 59+1.5 115+1.5
Test 2004
LL 2.4/HO 76.8 0.05+0.01 0.08 £0.01 32+1.5 76+1.5

Sunflower (control) 0.03+0.01 0.05+0.01 5515 135+ 1.5
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Figure 1 :Polar components (% m/m) in the modified rapeseed oils after the eight frying in relation to the C18:2+C18:3 content (%) — tests
2000, 2001,2003, 2004

NB : One value from the 2002 study (LL 2.2) was not taken into consideration

If we consider the results of all the tests run with the LL and LL/HO rapeseed oils from the year 2000, a relation ship
between the polar components at F8 and the sum of 18:3 and C 18:3 contents can be established with a correlation coefficient
of 0.63 (figure 1).

Room odor

The best ranking is obtained by the LL 1% oil; confirming the study of 2000 and 2001 where such fatty acid profile was
shown as equivalent to sunflower (figure 2).

The addition of the high oleic trait (LL 2,7 % /HO 75,4 % in the 2003 tests and LL 2,4% /HO 76,8 % in the 2004 test) did
not lead to improved flavour performances; confirming the major role played by the linolenic content on the frying oil flavour.

7] score /10

mFl
mF4
OFs

Figure 2 : Global quality assessment of the flavour after the first F1, fourth F4 and eighth frying F8 of the modified rapeseed oils tested in
2003 and 2004 in comparison to the conventional sunflower oil (control)

The results of the Student test for the four flavour descriptors and for the global quality assessment of the flavour at F1,
F4 and F8 showed that the modified oils displaying 2,5% and 2,7 % of linolenic acid expressed some unfavourable flavours,
especially painting fishy tastes for the LL 2,7 %/HO 75,4%, at the successive frying runs (table 5 and table 6).

These results confirm our previous study where the 2.5% C18:3 value was pointed as a kind of threshold over which
some flavour differences can be detected in comparison to the sunflower oil.

Table 5 : Statistical results (Student test) of the room-odor tests 2003

Tested couple :
Rapeseed oil against control LL1 LL25 LL2.7/HO 754
(sunflower)
F1 F4 F8 F1 F4 F8 F1 F4 F8
Global quality 1% ns ns ns 1% ns 1% 1% ns
Lost of fruity ns ns ns ns 5% ns ns 1% ns
Bean ns ns ns ns ns ns ns ns ns
Burnt, acrid ns ns ns 5% ns ns ns ns ns
Painty, fishy ns ns ns ns 5% ns 5% 1% 5%

ns : non significant
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Table 6 : Statistical results (student test) of the room-odor test 2004

Tested couple :
Rape oil against control (sunflower) LL27HO 754
Descriptor F1 F4 F8
Global quality 5% 1% 1%
Lost of fruity 1% 5% ns
Bean ns 5% ns
Burnt, acrid ns ns ns
Painty, fishy 5% 1% 5%

ns : non significant

Nevertheless, it has to point that the differences were slight, that in this kind of design the score is highly related to the
control oil which the rapeseed oil is compared to and that the people of Iterg involved in our room odor evaluation were hardly
trained and sensitive. Additional consumers tests would be necessary to check the linolenic content which would be widely
accepted for home frying use in France.

Lubricant performances

Physical and chemical characteristics.

The rapeseed oils experimented from 2001 till 2004 expressed a good viscosity index (in relation with a good lubricity)
and a high flash point (reducing fire risks), in accordance with the fluid vegetable oils properties (table 7). The pour point was
stable between years (-21 till -27°¢) and was slightly better than the controls, however as for most vegetable oils, an additive
should be necessary, depending on the conditions of use. (table 7, table 8).

The Noack volatility was very low and similar to the controls, in accordance with the behaviour of the fluid vegetable oils
and their ability to decrease the lubricant dispersion in the atmosphere (good for the health impact on the operators) (table 7,
table 8).

Table 7 : Physical and chemical properties of the rapeseed oils — tests 2001, 2003 and 2004

Qils 2001 QOils 2003 Oil 2004
e MEIOHO hagr et weas  ME2ZPHO D pogee LL23HOT26 445 4 H0768
78.8 754 commercial

Viscosity at 40°c (mmz/s) 3591 38.64 36.65 35.78 3338 3749 36.73 37.38 37.89
Viscosity at 100°c (mmz/s) 7.88 8.32 821 8.17 8.1 83 827 8.34 8.37
Viscosity index 200 199 209 214 230 210 211 209 206
Pour point (°c) 27 21 21 ND 23 23 2 23 20
Flash point (c°) 200 239 187 ND ND ND ND ND ND
Noack volatility (%) 0.34 0.25 0.51 ND ND ND ND ND ND

ND : non determined

Table 8 : Physical and chemical properties of the controls: commercial conventional rapeseed oil and sunflower oils (without

additives)
Conv rapeseed HO 80 sunflower HO 90 sunflower

Viscosity at 40°c (mm?/s) 39.8 39.9 38.8

Viscosity at 100°¢ (mm?’/s) 8.9 8.7 9
Viscosity index 213 205 224
Pour point (°c) -18 -12 -18
Flash point (°c) 269 265 272
Noack volatility (%) 04 0.37 0.3

Lubricants tests

The first tests of 2001 had highlighted a good anti-wear property of all the rapeseed oils whatever the LL and HO
modification, in accordance with the literature references available for fluid vegetable oils. That’s why we did not replicate
such tests in the following years (Table 9).

The modified rapeseed oils expressed also acceptable water separation properties (table 9) with average times of 15-20
minutes before obtaining the separation of the oil base from the water.

Regarding both oxidation tests (RBOT at 40°c and Baader test), the LL modification did not lead to a clear improvement
of the performances compared to the commercial conventional rapeseed oil. (Table 9, figures 3,4)

The best results, equivalent to the 80% oleic sunflower oil, were obtained by experimental oils combining LL and HO
traits, suggesting a favourable effect of the total unsaturation decrease and of the linolenic acid lowering as for the oil frying oil
stability (figures 3,4).

However none of the evaluated rapeseed oils reached the performances of the 90% oleic sunflower oil, suggesting that
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the hydrolytic and oxidation stabilities of such modified rapeseed oils remain insufficient for the most sensitive lubricant uses
(some hydrolytic and all the motor oils lubricants)- figures 3 and 4

Table 9: Physical and chemical properties of the modified rapeseed oils

Oils 2001 Oils 2003 Ol 2004
LL23/
LL 1.9/ LL2.7/ LL24/
L M HO7I LL s 2 HO764 H(c)o r7nz.6 ot
Wear test HFRR (mm) 0.68 0, 0.69 ND ND ND ND ND ND
Demulsibility BREN 2B 43370 4014000 40/4000/ 41/37/2/ 403812/
ml oiliml water/ml emulsion/(min)  (20) (15) (15  A0A00IS 15 15 25 41B37220
Oxidation stability RBOT at 64 125 90 91 97 99 100 97 130
99°C(min)
Oxidation stability Baader, variation
o TAN (g KOl o 0.15 024 038 0.001 0475 034 060 05 026
Oxidation stability Baader, variation g9 555 28.05 39.55 497 2585 226 3644 2573

of viscosity at 40°C
ND : non determined

Table 10 : Physical and chemical properties of the controls.

Conv rapeseed HO 80 sunflower HO 90 sunflower
Demulsibility ml oil/ml water/ml emulsion/(min) 30/40/1 (20) 40/40/0 (20) 40/40/0 (20)
Oxidation stability RBOT at 99°C (min) 61 130 >250
Oxidation stability Baader, variation of TAN (mg KOH/g) 043 0,3 0
Oxidation stability Baader, variation of viscosity at 40°C 29.5 20 14.2

250 . Minutes

200

150

100

50

Figure 3 : Oxidation stability, RBOT test at 99°c, time to obtain a pressure depression of 175 KPa,
tests 2001, 2003 and 2004.

Biofuels performances

All the methyl esters obtained from the modified rapeseed oils fitted a good quality.

The iodine index of the LL or HO RME is improved compared to the control and is fare bellow the maximum limit of
120 included in the FAME biofuel standard CEN 14214.

The LL or HO RME delivered good cold performances (pour point and CFPP) similar to the controls.

The cetane index of the FA modified rapeseed oils was found to also meet the European standard CEN 14214 (>51) and
to be improved with the decrease of LL content and/or the increase of the HO content. In the 2003 tests, the double modified
type (LL/HO) surpassed the other modified rapeseed RME for the cetane index.
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var viscosity 40°c

Figure 4 : Oxidation stability in the Baader test at 95°c; variation of the viscosity measured at 40°C
before and after the test in the 2002, 2003 and 2004 experiments.

First reliable results in the Rancimat test were obtained in 2004 suggesting a better oxidation stability of the LL/HO
rapeseed oil type compared to the conventional one. Further controls would be necessary to quantify the difference.
All in all the LL/HO modification of the rapeseed oil could be a way of biofuel quality improvement.

Table 11 : Physical and chemical characteristics of the modified rapeseed methyl esters (RME)

RME 2003 RME 2004
LL23/ Control
. LL2.7/ Control LL24/ .
oils LL2.5 HO 75.4 HO 76.4 HO 72.§ Commercial RME HO 76.8 commercial
commercial RME
lodine value 111 99 94 ND ND 96+ 3 117+3
Peroxide index (meq
9 33 3.95 S5+ + S+ +
02/kg) 1.5+2 5+2 2.5+ 1 2+ 1
CFPP (1) (°c) -17 -15 -19 -16 -10 -10 -13
Pour point (°c) -12 -10 -13 -21 -15 -11 -12
Trouble point (°c) -4 -4 -5 -2 -3 -2 -7
Cetane index 583 59 56.75 533 50.1 539 51.8

(1) : cold filter plugging point
ND : non determined
Table 12  Oxidation stability of the modified rapeseed oil evaluated in 2004
RME 2004
LL2.4/HO76.8 Control commercial RME

Oxidation stability (Rancimat), induction time in hours 185+28 81£15
NB : Commercial RME is not additivated

Conclusion

The new low linolenic and high oleic rapeseed cultivars provided in Europe by the breeding activity confirmed improved
performances of the oil in hot conditions compared to the conventional FA profile. Regarding frying behaviour, the quality
flavour was confirmed to be acceptable until 2 to 3 % of linolenic acid in the oil in our experiments and was not dependent on
the oleic content. These results would have to be confirmed in consumer tests.

The association of high oleic (> 75%) and low linolenic (< 2.7 %) traits gave the best technological performances of the
oil, especially for oxidation stability in both food and non-food evaluation. Therefore we can expect for the LL/HO rapeseed
oils new markets in the frying food as well as in the lubricant fields. Such cultivars will also offer a way to enhance the quality
of the biofuel while being processing as methyl esters.

To conclude may we imagine that in a near future the low linolenic/high oleic rapeseed varieties will become the
commodity type meanwhile the conventional profile (with 7-10 % of linolenic acid) will move to a speciality type for their
nutritional value ?
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Abstract

Burcon has developed and patented a process that is significantly different from conventional protein purification
technologies that deal with plant protein sources. The Burcon process uses only water and salt to extract the proteins from the meal
and it does not require the conventional isoelectric precipitation. Burcon’s process is based around a micelle formation step,
which results from a reduction in the ionic strength of the protein solution. Rapeseed/canola protein isolates produced by this
original process, which does not require any harsh chemicals, are superior in their organoleptic as well as their physical functional
properties compared to canola proteins made through traditional methods. Currently, there are two protein products available:
Puratein® and Supertein™.

Key words: Rapeseed protein isolate, extraction, protein functionality, Puratein®™, Supertein™

Introduction

Rapeseed/canola is the second largest oilseed crop in the world and is an excellent source of protein with its meal having
protein concentrations up to 40%. The meal, which is left after oil extraction, is currently almost exclusively used as animal
feed, although, with a balanced amino acid composition and appreciable levels of sulphur amino acids, rapeseed protein would
be an excellent human food source. According to a recent study (Millward, 2006), rapeseed protein garners a protein score
of 100% based on the new FAO/WHO age-related scoring patterns for children and adults.  The nutritional value of rapeseed
proteins has also been found to compare favourably with that of animal proteins (Friedman, 1996).

Although many studies have been published concerning rapeseed/canola protein, attempts to make an acceptable
rapeseed/canola protein product commercially available for the food industry have been unsuccessful.  Protein isolates made
through conventional technology usually have undesirable flavour and colour and are limited in their physical functional
properties. Typically, researchers have described an alkaline extraction followed by an isoelectric precipitation step
(Rutkowski, 1975; Chen et al., 1992; Vioque et al., 1999). However, the major drawback of alkaline extraction is that
oxidation of phenolics, which are extracted from the meal along with the protein, results in the unacceptable colour and
flavour of the final protein product. There are also other extraction solvents described in the literature, such as a
methanol/acetone/water mixture (Lacroix et al., 1988), a solution of sodium hexametaphosphate (Tzeng et al., 1988) or a
solution of copper sulphate (Kroll et al., 1991).

This paper describes a new patented process for the production of rapeseed/canola protein isolates that overcomes the
hurdles of traditional processes.

Materials and Methods

Rapeseed protein isolate production

Rapeseed protein isolates were produced using a proprietary process. Rapeseed meal was prepared using a pilot-scale
oilseed crushing and extraction facility. A salt solution was used to extract rapeseed protein from the rapeseed meal. The
protein depleted meal was removed by several purification steps producing a clarified extract. This extract was subjected to an
ultrafiltration step, through which the protein solution was concentrated and purified.

The concentrated protein solution was then diluted into cold water, which caused a fraction of the proteins to aggregate in
the form of micelles. As the micelles aggregated, they settled out and were removed by decantation or centrifugation. The
protein micellar mass that was removed from the dilution step was spray dried to form the first canola protein isolate product
(Puratein®). The supernatant from the dilution was further processed and finally spray dried to generate the second rapeseed
protein isolate product (Supertein™). Figure 1 shows a general scheme of the protein production process.
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Figure 1. Scheme of Burcon’s Canola Protein Isolate Production Process

Functionality testing

Functional properties were evaluated by basic testing and also demonstrated by preparing model food systems.
Solubility of Supertein™ was tested in water at different pH values and also demonstrated in various acidic beverages
including soft drinks and sports drinks. The ability of Supertein™ and Puratein® to produce foams was evaluated by
whipping 5% w/v protein solutions for various lengths of time. The foam properties of Supertein™ were demonstrated by
preparing nougat, while the heat stability of Puratein® foam was demonstrated by preparing foam and chocolate cakes.
Gelling of Puratein® was evaluated by puncture testing gels prepared by heating 8% w/w dispersions of Puratein® in water for
90°C for 30 minutes. Ingredient binding capabilities of Puratein® were demonstrated by preparing chocolate chip cookies
and vegetable (bean) burgers.

Results and discussion

Protein Isolate Production

The proprietary protein extraction and purification process resulted in two rapeseed protein isolates having protein
concentrations greater than 90% on a dry basis. The high purity of the protein products was largely attributable to the
ultrafiltration step as well as the dilution step. By using suitable membranes for the ultrafiltration step, the non-protein
components were separated from the proteins. Ultrafiltration and similar selective membrane techniques permit low molar
weight species to pass through into the permeate while retaining higher molar weight species in the retentate. The low molar
weight species removed in the production of the canola protein isolates included not only the ionic species of the food grade
salt but also low molar weight materials extracted from the meal, such as, carbohydrates, pigments etc.

The elimination of low molar weight species from the extracted solution without a substantial change in the ionic strength
permitted the protein concentration to be increased without precipitation. Diluting the concentrated protein solution into cold
water caused a reduction of ionic strength that resulted in the aggregation (Figure 2) of the high molar weight proteins while
the low molar weight proteins stayed in solution. The proteins precipitated in the form of micelles as can be seen in Figure 3.

Figure 3. Electronic microscope picture of rapeseed protein
micelles.

Figure 2. Precipitation of rapeseed proteins

As is well reported, rapeseed contains two major proteins fractions: globulins, represented by cruciferin, and albumins,
represented by napin. It appears that Burcon’s process separated these two fractions very well and the majority of the globulin
fraction was found in the Puratein® while the majority of the albumin fraction was found in the Supertein™. Table 1 shows the
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composition of the two protein isolates.

Table 1. Composition of Rapeseed Protein Isolates

Supertein™ Puratein®
Protein (N*6.25) >90% d.b. >95%d.b.
Protein fraction Majority: Albumins Majority: Globulins

Functionality of Supertein™

The amino acid composition of Supertein™ was found to be especially rich in sulfur containing amino acids, which is
particularly valuable from a nutritional standpoint.

Supertein™ was highly soluble and produced transparent solutions, even in acidic pH conditions. This makes it an ideal
protein for use in fortified beverages. When compared with other available proteins such as soy, whey and egg white,
Supertein™ was the only protein that formed a transparent solution in an acidic soft drink. Additionally, Supertein™ was
very heat stable, which facilitates pasteurization where needed.

Supertein™ was found to form large volumes of foam with good foam stability. The foaming properties of Supertein™
compare favourably with those of egg white proteins. Acceptable nougat was produced with Supertein™

The flavour of Supertein™ has been observed to be bland and free of off-notes.

Functionality of Puratein®

Puratein® has been found to be a good emulsifier. A spoonable dressing with 67% oil was prepared with only 0.11%
Puratein® as the emulsifying agent.

Puratein® was found to form strong heat induced gels at low acid conditions, performing better as a gelling agent than soy
protein isolate.

Chocolate cake and foam cake were produced with Puratein” instead of egg ingredients, resulting in cakes with
acceptable volume and texture. This demonstrated the ability of Puratein® to retain air when baked.

Puratein®™ was used to replace whole egg in chocolate chip cookies and vegetable burgers, showing its ability to function
as an ingredient binder.

Puratein®™ was observed to have a very bland flavour with no off flavours noted.

Conclusion

Burcon'’s protein production The process is very clean and gentle, using only water, salt and rapeseed/canola meal. The
process results in two rapeseed/canola protein products, Supertein™ and Puratein®, which are commercially viable products
with a variety of functional properties. ~Applications for Supertein would include but are not limited to fortified beverages,
nutrition bars and aerated desserts and confections, while applications for Puratein would include but are not limited to
dressings, sauces, meat substitutes and baked goods. The findings suggest that rapeseed/canola proteins have the potential to
open up some new food applications and to compete with major animal or plant proteins.

References

Chen M. and Rohani S. (1992). Recovery of Canola Meal Proteins by Precipitation, Biotechnology and Bioengineering. 40, 63-68

Friedman, M. (1996). Nutritional value of proteins from different food sources. A review. J. Agric. Food Chem., 44, 6-29

Kroll J., Kujawa M. and Schnaak W. (1991). Preparation of rapeseed proteins by extraction and ultrafiltration. Fat Sci. Technol., 93 (2), 61-65

Lacroix M., Amiot J. and Cheour F. (1988). Effect of methanol/acetone/water extraction and enzymatic hydrolysis on the nutritional value of unheated rapeseed
proteins. Plant Foods for Human Nutrition. 38, 343-353

Millward D.J. (2006). Oilseed Rape Protein in Human Nutrition. Proceedings of the Workshop Oilseed Rape ~ for a healthier future, 30" September — 1% October,
Madrid, Spain

Rutkowski A. (1975). “Technologische Richtlinien bei der Verarbeitung von Rapsproteinen zu Eiweiss konzentraten. Die Nahrung, 8/9, 941-954

Tzeng Y.M., Diosady L.L. and Rubin L.J. (1988). Preparation of Rapeseed Protein Isolate by Sodium Hexametaphosphate Extraction, Ultrafiltration and
Ion-Exchange. J. Food Sci, 53 (5), 1537-1541

Vioque J., Sanchez-Vioque R., Clemente A., Pedroche J, Bautista J. and Millan F. (1999). Production and Characterization of an Extensive Rapeseed Protein
Isolate. JAOCS, 76 (7), 819-823



QUALITY, NUTRITION AND PROCESSING: Processing Technology 163

Chlorophyll reduction in rape seeds and it’s influence on the bleaching
earth consumption during refining

Frank Pudel ', Ulrich Eckardt 2, Bernhard Grimm %, Thomas Krause '

! PPM Pilot Pflanzendltechnologie Magdeburg e.V., Magdeburg, Germany
2 Humboldt-Universitiit zu Berlin, Germany
Email: pudel@ppm-magdeburg.de

Abstract

It is well known, that chlorophyll in edible oils reduces their oxidation stability, taste and shelf-life. In rape seeds chlorophyll
is newly synthesised about 3 — 6 weeks after pollination. Short vegetation times, dryness, coldness or early winter onset influence
the chlorophyll metabolism negatively.

The effect of the chlorophyll content in rape seeds on the bleaching earth consumption during the refining process was
measured under lab scale conditions. It could be shown, that even a low decrease of the crude oil chlorophyll content in harvested
rape seeds can lead to considerable bleaching earth savings.

Therefore different strategies to reduce chlorophyll in rape seeds were investigated.

These are classical plant breeding methods as well as the development of transgenic plants by inactivation of chlorophyll
producing enzymes or over expression of chlorophyll degrading enzymes.

Finally it was tried to remove chlorophyll from crude rape seed oil by enzymatic treatment using recombinant proteins under
refining conditions.

Key words: Rapeseed, oil, chlorophyll, refining, bleaching earth, plant breeding, transgenic plant, enzymatic process

Introduction

Chlorophyll is the green pigment in chloroplasts of plants and essential to photosynthesis. Therefore, there are small
quantities of chlorophyll found in nearly every type of vegetable oil. But, the level of chlorophyll in rapeseed oil is mostly
higher than that found in other vegetable oils. Especially in the case of freezing before the rapeseed has significantly ripened,
the chlorophyll content in the crude rapeseed oil is very high and can be a problem for the refineries. We know this from
Canada, North and East Europe. The reason is, that chlorophyll is synthesised again within the rape seed about 3 to 6 weeks
after pollination.

Chlorophyll in edible oils reduces their oxidation stability, taste and shelf-life. To achieve stable oils, it is necessary to
decrease the chlorophyll content in the oil to 0.05 ppm. Although up to 30 % of the total amount can be removed by
neutralisation in the case of chemical refining, bleaching is the most important chlorophyll reducing refining step.

Worldwide about 45 mill. t/a rapeseed, or about 16 mill. t/a rapeseed oil, are produced. If it is assumed, that 0.7 %
bleaching earth is needed for rapeseed oil bleaching, about 110.000 t/a of bleaching earth worldwide is applied for rapeseed oil
refining,

The first aim of the studies was to determine to which amount bleaching earth can be saved only by reducing the
chlorophyll content in the crude rapeseed oil (resp. the rape seeds).

At second, different strategies to reduce the chlorophyll content in rape seeds were investigated:

- classical plant breeding,

- development of transgenic plants, by

a) inactivation of chlorophyll producing enzymes or
b) overexpression of chlorophyll degrading enzymes.

Finally, the use of recombinant proteins to develop an enzymatic chlorophyll removal process from the oil was studied.
The main questions of the investigations were:

- Are the enzymes active in 0il?

- Which are the optimal reaction conditions?

- Where (regarding to the refining process) the enzyme is to put into the 0il?

- Is the enzyme able to harm the 0il?

Materials and Methods

1. Refining experiments in laboratory scale were carried out. Because, there were no crude rapeseed oils with high
chlorophyll content available, model oils were made. For that, to the oil either pure chlorophyll or refined rapeseed oil was
added to increase or decrease the initial chlorophyll content of the oil to a range between about 2 and 20 ppm. These oils were
bleached under different conditions. Bleaching earth consumption, bleaching temperature and time as well as the citric acid
concentration were varied. After that, the oil was normally deodorised and later analysed.
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2. Chlorophyll kinetics in the seeds of 39 different winter and 33 summer rape accessions were measured.

3. There are two enzymes involved in the synthesis of chlorophyll a: glutamat-1-semialdehyd-aminotransferase
(GSA-AT) and magnesium-chelatase. The genes for these enzymes were amplified and isolated by PCR. Gene constructs for
reduced gene expression by RNA interference were generated and used for rape hypocotyl transformation by Agrobakterium
tumefaciens.

There are four different enzymes involved in the chlorophyll catabolism: chlorophyllase, Mg-dechelatase,
pheophorbide-a-oxygenase and RCC reductase. First, only the chlorophyllase genes were amplified and cloned from Citrus
clemente. Gene constructs were generated and used for rape transformation in the same way described before.

Totally, thirty nine transgenic rape lines were generated.

4. The use of recombinant proteins for an enzymatic chlorophyll removal from the oil was examined.

At first, the chlorophyllase gene was amplified and cloned from clementine. The protein was then expressed in E. col.
The soluble, insoluble and total protein fractions were assayed for enzymatic activity tests, carried out at different conditions of
pH, temperature, substrate concentration and enzyme concentration. The effects were measured by thin layer chromatography.

After that, it was tried to transform these results into a process for enzymatic chlorophyll removal under laboratory
conditions. Basis was the classical chemical edible oil refining process. Because there was no rapeseed oil rich in chlorophyll
available, pure chlorophyll a were added to the crude oil. After degumming and neutralisation a buffer with pH 7.8 and a
liquid chlorophyllase extract were added. The system was stirred at fifty five degrees for 2 hours. Then it was tried to separate
the formed chlorophyllide into the water phase.

In addition, the gene for phacophorbide-a-oxygenase was amplified and cloned from tomato and the gene for
RCC-reductase was delivered from the University of Bern. Both were expressed in E. coli. Enzyme activities of soluble and
unsoluble assays were proved.

Results

1. The crude oil chlorophyll content very strong influences the bleaching earth amount, which is needed to reach a target
chlorophyll content in the refined oil. At higher crude oil chlorophyll contents significantly more bleaching earth is needed as
at lower crude oil chlorophyll contents to reach the same chlorophyll content in the refined oil.

2. Winter rape lines contain generally lower chlorophyll than summer rape lines. Different types of kinetics indicate a
potential for further breeding activities to develop rape lines with lower chlorophyll content in the seeds.

3. The GSA-AT RNAI gene constructs showed no effect. Two plants with Mg-chalatase-RNAi constructs were extremely
chlorotic. Chlorophyll was not only removed from the seeds, but also from the leaves. All other plants showed no effect. In 4
plants with chlorophyllase overexpression gene constructs reduced chlorophyll contents were measured at the 42 day after
pollination. In summary, the strategy of chlorophyll overexpression seems to be more promising, than the strategy of inhibition
of the chlorophyll synthesis.

4. Enzymatic activity tests showed, that chlorophyllase from Citrus can be used in oily buffers, has a high thermostability,
which is higher in oil than in water, and has low activity losses at pH values different from the optimum.

Lab scale enzymatic refining, using chlorophyllase, showed that the chlorophyllide can be formed, but not effectively
separated. Within the activity tests acetone was used as a solubiliser. Because the use of acetone in edible oil refining is not
possible, it was looked for other substances. Using a mixture of 1 part water and 1 part isopropanol, a slight separation was
possible. Other systems, using ethanol or glycerine, failed.

Activity tests showed, that the used phacophorbide-a-oxygenase and RCC-reductase are active, but the fluorenscent
chlorophyll catabolite is only formed in the case of presence of both enzymes. Because both enzymes need some co-factors
for working, a successful application into the edible oil refining process is not much probable.

Conclusions

Even low reductions of the chlorophyll content in crude rapeseed oil lead to a considerable decrease in refining expense,
especially to a lower bleaching earth consumption.

Different chlorophyll reduction strategies were investigated.

Recombinant chlorophyllase from Citrus clementii is able to split the chlorophyll into chlorophyllide and phytol under
normal edible oil refining conditions. For the separation of the hydrophilic chlorophyllide, an acetonic system is necessary.

The activity of recombinant pheaophorbide-a-oxygenase and RCC-reductase is proved in vitro. Because of the need of
some co-factors, their application in an edible oil refining process is not to expect.

There were 39 transgenic plants generated. 4 of them showed significantly lower chlorophyll contents at the 42 day after
pollination.

The chlorophyll kinetics of 35 summer and 39 winter rapeseed lines during ripening were measured. Large differences
between them indicate a potential for classical plant breeding of rapeseed lines with low chlorophyll content.
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Abstract

Changes of high-oleic low linolenic rapeseed oil during 72 h of deep-fat frying of potatoes were compared concerning
chemical, physical and sensory parameters with commonly used frying oils, palmolein, high-oleic sunflower oil and partially
hydrogenated rapeseed oil. From a sensory point of view French fries obtained with HOLL rapeseed oil, palmolein and high-oleic
sunflower oil, respectively, were still suitable for human consumption after 66 hours of deep-fat frying, while French fries fried in
partially hydrogenated rapeseed oil were inedible after 30 h. During the frying period none of the oils exceeded the limit for the
amount of polar compounds, oligomer triglycerides and free fatty acids, respectively, recommended by the German Society of Fat
Science (DGF) as criteria for rejection of used frying oils. From the results it can be concluded that the use of high-oleic low
linolenic rapeseed oil for deep-fat frying is comparable to other common used oils.

Key words: frying, high-oleic low linolenic rapeseed oil, high-oleic sunflower oil, palm olein, partially hydrogenated
rapeseed oil

Introduction

Deep-fat frying is one of the most popular methods for the preparation of food. Nevertheless food being fried is in
iscussion, because it contains a lot of oil from the frying medium. Since the oil becomes part of the food the nutritional value
of the food strongly depends on the composition of the oil used for frying. Palm olein but also partially hydrogenated oils like
hydrogenated rapeseed oil or peanut oil are common used for industrial but also homemade frying. From a technical point of
view these oils are favourable, because of the low content of polyunsaturated fatty acids, which are critical concerning the
oxidative stability of the oils. But a strong disadvantage of these types of oil is the high amount of unhealthy fatty acids such as
saturated or trans-fatty acids which are taken up with products being fried. Palm olein is distinguished by a high amount of
saturated fatty acids and in hydrogenated fats and oils high amounts of frans-fatty acids can be found, which are hold
responsible for some negative effects on blood cholesterol resulting in coronary heart diseases (Precht and Molkentin, 1995;
Stender et al., 1995). From this the perfect frying oil should be low in saturated and #rans-fatty acids, high in mono-unsaturated
oleic acid, stable against oxidative deterioration during use and the use of the oil should ensure the production of high-quality
and tasty foods.

The paper describes the results of a frying experiment using high-oleic low linolenic rapeseed oil as frying medium in
comparison to palm olein, high-oleic sunflower oil and hydrogenated rapeseed oil.

Materials and Methods

For the investigation fryers, usually applied in household were used. A frying temperature of 175°C was chosen. For the
investigation 2.0 1 of the appropriate edible oil were filled into the fryer and afterwards the oil was heated up to 175°C within
10 min. The oil was hold on this temperature for 1 h before 50 g pre-fried potatoes were fried 3.5 min.. Five frying operations
were carried out each day with 50 g pre-fried potatoes, each. Between each frying step the fryer was hold at 175 °C for 1 h
without frying material, resulting in a thermal load of the oil of 6 h per day.

At the end of each day the oil was cooled down, filtrated and 200 mL of oil were taken for the characterisation. The oil
was stored at 6°C until further use. Next day 200 mL fresh oil was added and the experiment was repeated on eleven
successive days. This resulted in a total thermal load of the oils of 72 hours.

The oils as well as the fresh French fries were characterized with regard to the sensory quality and also some chemical
parameters, such as content of free fatty acids, polar compounds and oligomer triglycerides were used for the evaluation.

Partially hydrogenated rapeseed oil (PHRO), Palm olein (PA), high-oleic sunflower oil (HOSO) and high-oleic low
linolenic rapeseed oil (HOLL) (NATREON™) were used as frying medium.

Table 1. Methods used for the evaluation of fresh and used frying oils

No. Parameter Method Reference
1 Polar compounds DGF C-111 3b DGF, 2005
2 Oligomere triglycerides Cd22-91 AOCS, 1990
3 Free fatty acids DGF C-V2 DGF, 2005
4 Sensory assessment modified DGF C-11 1 (97) DGF, 2005
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Results

An important parameter for the assessment of the frying process is the quality of the product being fried, because the
sensory quality is responsible for the success of the product on the market. If the sensory sensation does not meet the
expectation of the consumer it will be rejected. The sensory quality is not only the taste of the French fries but also the colour,
the crust and the inner composition of the fried potatoes.

With continuing frying time the taste of the fried potatoes was judged poorer and poorer (Fig. 1). The French fries took
on rancid aroma components and the taste turned into bitter, burnt and rancid. Especially French fries deep-fried with PHRO
showed a strange smell and taste, which led to a clear devaluation of the products. This is not surprising, because it is known
that hydrogenated frying oils impart a different type of flavour to food. French fries obtained with HOLL, PO and HOSO,
respectively, were still suitable for human consumption after 66 hours of deep-fat frying, the taste was still satisfactory
(assessment better than 6 (dotted line)). Only afterwards French fries were judged worse. At the beginning of frying, within the
first 42 h the assessment of French fries fried in PO and HOSO, respectively, were evaluated better than French fries fried in
HOLL. Then the results were comparable.
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Fig. 1. Development of the sensory evaluation during a frying period of 72 h.

Looking on the other parameters for the characterisation of the fried products, like crust, inner composition or colour, all
the oils showed acceptable results with regard to the colour of the French fries. The inner composition and the crust were in an
adequate up to a good level over a frying period of 54 hours. For HOLL and PO, respectively, these parameters were even
reasonable over a period of 66 h. Only the inner composition and the crust of PHOR were evaluated worse after only 30 h of
frying (results not shown).

For the further assessment of the oils regarding their suitability as frying medium the recommendations of the
German Society of Fat Science (Anonymous, 2000) were used: oligomer triglycerides, polar compounds (Fig. 2) and
free fatty acids. Comparable to the polar compounds also for oligomer triglycerides and free fatty acids the amount
increased linear with the frying time. But not any of the oils exceeded the limits given in the recommendation for
these parameters during the frying period of 72 h, which would lead to the rejection of the oils. While the amount of
polar compounds in HOLL, HOSO and PHRO was comparable, but significantly different (p < 0.01), in PO higher amounts
of polar compounds were found, as a result of the higher initial content of this oil.

A summarized comparison of the used oils was carried out by distribution of rank numbers according to the come out of
each oil at the most important parameters for the assessment of the oils after a frying time of 72 h. The oil coming out on the
top got an 1 and the worst oil a 4. After distribution of the rank numbers the mean value was calculated for each oil.
Additionally to the amount of polar compounds, oligomer triglycerides and free fatty acids as well as the sensory evaluation of
the oil, the sensory evaluation of the potatoes being fried was used for the assessment, because this is one of the most
important criteria for the consumer. The summary of this assessment is shown in Table 2.

No significant differences (p < 0.01) were found between HOLL, HOSO and PHRO conceming the total assessment of
the results, even if the table shows that HOLL has clear advantages with regard to the sensory evaluation of both, oil and
product. In contrast, PHRO had better results for the chemical parameters, but a bad sensory evaluation. Further on it should
be pointed out that only small differences in the chemical parameters of all oils were found. Only the total result of the
assessment of PO was significantly worst than the results of the other oils (p <0.01).
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Fig. 2. Development of polar compounds during a frying period of 72 h.

Table. 2 Summarized results, calculated from the most important parameters

. Sensor Senso
Type of oil mzll;gggz; conf;())ivirn ds Frzsigastty evaluatir(})]n evaluatgn Total result
(oil) (French fries)
HOLL 2 3 4 1 1 22
HOSO 3 1 2 4 1 22
PHRO 1 2 1 4 4 24
PO 4 4 3 4 1 32

HOLL~=high-oleic rapeseed oil; PHRO=partially hydrogenated rapeseed oil;
HOSO=high-oleic sunflower oil; PO=Palm olein

Conclusion

The investigation shows that the use of HOLL rapeseed oil is an interesting alternative to common used oils. Looking on
the results of the frying experiment indicates that HOLL rapeseed oil came to better or at least comparable results with regard
to the sensory evaluation and the chemical parameters used for the assessment of the oils and the products being fried.

From this it can be concluded that HOLL rapeseed oil fulfils most of the demands necessary for frying oils, because it has
some advantages with regard to health aspects, shows a high oxidative stability and the oil results in high quality and tasty
food. The oil meets the needs of nutrition, taste and functionality, because it is low in saturated fatty acids, contains no
trans-fatty acids and is high in oleic acid. The amount of linolenic acid is only moderate. Additionally the oil shows a high
frying stability comparable to common used frying oils and results in good flavour characteristics of the products being fried.
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Abstract

We designed and assembled a high-oil extruding-expansion machine which used the dry mode and studied the pretreatment
of expansion in oil processing. The interaction between extruder operation parameters and oil quality was obtained by determining
the changes of AV (acid values) and POV (value of peroxide) in extruded oil under different extrusion processing conditions. The
stability of directly extruded oil was mensurated. The effects of the extrusion system parameters on acid values of extruded oil in
turn was temperature of die noddle, diameter of die nozzle, speed of screw, moisture of material, and the effects on POV in turn
was moisture of material, temperature of die noddle, speed of screw, diameter of die nozzle. The stability of oxidation of the
directly extracted extrusion-expansion oil is higher.

Key words: Extrusion-expansion, Rapeseed oil, Operation parameter, Fat quality

Introduction

At present, the extruders used in rapeseed oil production are using wet mode and high oil extruding-expansion machines.
The prolonged process and the energy cost were high due to the spraying of vapor and the latter drying processing. We
designed a high-oil extruding-expansion machine using dry mode for rapeseed oil processing, which simplified the processing
procedure, reduced equipment investment and processing cost.

The effect on oil quality in extrusion had already been attracted people’s interest. Bjorck found that the stability of fat acid
in the course of extrusion was greatly reduced and also found that the extrusion could promote the union between fatty acid
and the starch. Mustakas had reported that the value of peroxide increased in the extrusion along with the increasing of the
extrusion temperature, the water content of the material (15%-30%) as the increasing of the time which materiel stayed in the
extruder. Maga also observed that extrusion may lead to cistrans isomerism of unsaturated fatty acid. Daniels thought that the
reduction of fatty acid oxidation sensitivity was the form of fat peroxide.

Fig 1 Dry-single-screw extruder for high-oil-content material developed in the experiment

However it was reported very little about the research of the extrusion oil quality that obtained directly, after the
oil-bearing grops extruded. We studied the influence of extruder operation parameter on extrusion oil and fat quality through
the extrusion oil quality analysis which obtained to the orthogonal experiment, which is useful to determine parameters in
rapeseed extruding-expansion pretreatment processing.

Material and method

The moisture of the rapeseed was 6.622% and the oil content was 40.102%. The thousand-seed weight was 3.13g and
average seed diameter was 1.61 mm. After the smashing the average grain diameter was 0.85mm. The unshelled entire grain
ratio was 2-7%.

The speed of screw was stepless adjustable in the range of 0-1200r/min (Figure 1). The sleeve temperature was
continuously adjustable from 0 to 300°C and with the temperature number to reveal the measuring appiance closed loop
automatic control system. Extruder nib aperture having steps adjustable and the productivity was 40-45kg/h.

The rapeseed extrusion-expansion pretreatment processing was:
The rapeseed—cleaning up—smashing—expanding—extracting—»extracting oil
Extrusion oil
The fatty acid value of oil squeezed out from extruder was determined using a method described in GB/T 5530-85 and
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the fat peroxide value was determined using the sodium hyposulfite titrimetric method.

The parameters of extruder operation were listed in Table 1. The four factors and five levels were designed using tow
orthogonal revolving combination to give 36 groups. Regression analysis was performed using the Reda software and found
that the effect rules between influence of extrusion oil quality and the extrusion system operation parameter.

Table 1 Experimental variables and levels

I\;lb j:a(rrrrlli:;r Nib temperature 7 x, (°C) Speed Oirs/:r:?rg " Moisture of material w  x, (%)
-2 8 85 25 6.6
-1 10 95 35 8.6
0 12 105 45 10.6
1 14 115 55 12.6
2 16 125 65 14.6

Consequence and analysis:

Arranged the experiment of extruding-expansion rapeseed according to Table 2 and examined target for rapeseed
extrusion fat acid value y1 and peroxide value y2. After disposing experiment data by Rade software package, obtained effect
rules by each operation parameter of extruder to it. The regression equation was:

11=3.97+0.53x,+0.50x-0. 1 1x3+0.33x40.05,+1.16x106,-0.50-0.25x,>-0.58x,x3-0.200274-0.09x34-0.0 1>

$7=2.69+0.14x1-0.11x2-0. 10x3+0.20x4-0.12x,™0.15x50,-0. 141x3—0.43x6470.24,™+0.42x273-0.19x27,+0.0 1x5-0.320304-0.39x,

With the test results and regression equation which were obtained according to Table 2,the factor contribution ratio of the
extrusion system parameter was listed in table 3.The order of the effects of the extrusion system parameters on acid value of
extruded oil in turn was:nib temperature x2(factor contribution ratio 1.75),nib diameter x1(factor contribution ratio 1.54),speed
of screw x3(factor contribution ratio 0.66),moisture of material x4(factor contribution ratio 0.41); The order of the effects of
the extrusion system parameters on POV of extruded oil in turn was: moisture of material x4(factor contribution ratio 2.09),
nib temperature x2(factor contribution ratiol.15), speed of screw x3(factor contribution ratio 0.74), nib diameter x1(factor
contribution ratio 0.41). Obviously to the acid value of the extrusion oil, the nib temperature and the diameter were playing the
critical role. But the influence of moisture of material on POV of the extruded oil was far bigger than the nib temperature on it.

Tab.3 The primary and secondary turn of the effects of every factor

. Parameter
Review index — - - -
Nib diameter x, Nib temperature X , Speed of screw X3 Moisture of material x4
Acid valueY'1 1.54 1.75 0.66 0.14
POV Y2 041 1.15 0.74 2.09

Under the superior parameter combined condition (¢=10mm,T=105°C,n=60r/min,w=6.6%) single factor analysis result to the equation was as shown in Fig. 2.

Tab2 Experiments scheme and results of characteristics of extrusion oil

Test AV y, POV y, Test AV y, POV y,
number Y4 0% B A mg/goil) (0.01%) number UM B M mg/goil) (0.01%)
1 1 1 1 1 387 272 19 0 2 0 0 346 3.07
2 1 1 1 A 434 3.82 20 0 2 0 0 398 383
3 1 IS | 7.90 2.66 21 0 0 2 0 513 1.7
4 1 1 a1 756 349 2 0 0 2 0 354 334
5 111 1 2.54 2.66 23 0 0 0 2 5.60 115
6 1 a1 1 1.54 277 24 0o 0 0 =2 3.69 0.69
7 | IS I B | 246 3.56 25 0 0 0 0 413 120
8 1 1 1 -l 126 3.00 26 0 0 0 0 563 356
9 101 1 1 243 3.54 27 0 0 0 0 458 3.03
10 101 1 -l 2.06 265 28 0 0 0 0 413 333
11 41 1 251 2.14 29 0 0 0 0 2.14 281
12 T R | 226 0.69 30 0 0 0 0 231 229
13 B | 1 354 2.08 31 0 0 0 0 399 333
14 S S | 320 238 32 0 0 0 0 225 238
15 S 322 482 33 0 0 0 0 547 253
16 S L 2.06 148 34 0 0 0 0 426 1.98
17 20 0 0 555 255 35 0 0 0 0 386 348
18 2 0 0 0 425 334 36 0 0 0 0 486 232

Along with the nib temperature increasing,the acid value of the extrusion oil presented downside.The effect on the
reduction to the acid value caused by high nib temperature increasing that caused the fat acid value was bigger than the low
nib temperature increasing.It was because that along with the nib temperature increasing,materials flow rate in house increased



170 QUALITY, NUTRITION AND PROCESSING: Processing Technology

and caused the time that it stay in the high temperature sleeve reduce. Moreover as a result of heating temperature
increasing,the fat viscosity reduced and also can urge the fat to be seperated from the material semifinished product in a short
time. At this time,hot response time that became shortened holded the main status.The steatolysis function that caused by the
temperature to the fat heating changed weakly. To this kind of effect on thecounter-flow oil, the nib temperature was higher,the
effect was more remarkable. The nib diameter to the acid value of extruded oil presented the inverse correlation.when nib
diameter enlarged, the friction and cutting of material which were received in house could change little, and the self-heating
were few,therefore decomposition of fat being heated would reduce, and caused the acid value to reduce. Although the speed
of screw of extruder increasing can cause the material flow rate to be quick,reduce dead time,and produce slightly affects to
the fat decomposition.But along with rotational speed increasing,can have more intense cutting heat to the material,thus the fat
decomposition speeded up and acid value heightened. This phenomenon that with the speed of screw raising caused the fat
acid value to increase was more obvious when it was low speed of screw.The relation between the material moisture content
and the acid value had certain effect.the high moisture content could promote the fat hydrolitic reaction to occur,so acid value
increased.Because the time the material stayed in house was short,thus the scope of the acid value changing caused by the
moisture content increasing was not to be big,and was also weaker for importance to effect on the acid value.

We discovered from this that in order to reduce the acid value of the extrusion,should choose the processing parameter of
the high nib temperature,the big nib diameter,the low speed of screw and the low material water content as far as possible to
carry on the production.

= - 2 s
o = -
= 411 = e
i) _
Z _— = R52 - — — RJ2
2 ESE 2 ——— i3
— — &Il = ———- RSl
-3 2 3 —4 2 4
code of extrusion system parameter code of extrusion system parameter

series 1- nib diameter of extruder, series 2-nib temperature of extruder, series 3-speed of screw, series 4-moisture of material
Fig. 2 Relationship between character of and extrusion system parameters

The effect on the material moisture content increasing to the POV was rising first,then to fall. As medium in chemical
reaction, along with moisture content increasing, oxidation occurred in raw material intensified, peroxide in fat increased and
peroxide value increased. but after the moisture content increased to a certain degree,with the moisture content continued to
increase, it could displayed the characteristic that the dead time was short staying in house. Therefore the fat oxygenolysis
changed weak and peroxide value reduced.When it was low nib temperature, the fat peroxide value growed slowly. Along
with the nib temperature increasing,the peroxide value ingcreasing intensified.It was as a result of along with the temperature
increasing,the speed of fat being heated oxygenilysis increased. The temperature was higher,the peroxide accumulation were
more. Therefore the fat peroxide value increased remarkablely.The speed of screw and the extrusion oil peroxide value
presented nearly the linear correlation.The influence mechanism of the enhancement of rotational speed and increasing of the
temperature was the same to the fat.The rotational speed enhancing could cause the cutting hot of the material increase.This
kind of function was evener and thorougher than it which the nib diameter to peroxide of extrusive oil also presented the
correlation. This had direct correlation with the change of the nib diameter to the change of themeterial flow rate in house.The
nib diameter was small,and the material flowing was blocked,then accumulation material semifinished product in house
increased. The gun pressure which was observed from press chamber stengthened. Therefore it urged the fat to be separated
from the material semifinished product as soon as possible.The probability that the fat was oxidized reduced the peroxide
accumulation in fat were few.

From the single factor analysis chart between the extrusion oil peroxide value and the extrusion system parameter,we
may see that in order to reduce the extrusion oil the peroxide value,we should choose the extrusion operating condition of the
low or high material water content, the low nib temperature,the low speed of screw and the low nib diameter.

The index that peroxide value of the fat acted the determination initial oxidation was not only may express the fat
oxidation degree in a certain extent,but also had high relevancy between the peroxide value after storage and the sense smell
fetid odor and the flavor mark.In order to review the oxidation stability of the direct extrusion oil,this experiment observed the
change of the peroxide value of the rapeseed extrusion oil stored in the oven at 60°C,and the peroxide value of the rapeseed
extrusion oil stored,as shown in Figure 3.

In ordinary situation, when the peroxide value was higher than 0.1%,the fat appeared unhappy peppery saver and other
irritant smell.In this experimental observation for 14 days time,the total peroxide content in fat had not appeared the obvious
sudden change phenomenon.In the last stage of observation, peroxide value in fat was only 0.06% and was lower than the
rapeseed high-quality cooking oil by 0.127% profession standard (ZBX14211-87).Not only the stability of the fat and the
food including the fat had related with the existence of the unsaturated fatty acid and the resistant oxidation,but also had close
correlation on way which produced oil and fat known from determination reslut of the resistant oxidation value
change,rapeseed after the direct extrusion oil obtained had higher oxidation stability.
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Fig 3 Storage Stability of Extruded Oil
T Wang compared the fat stability in the extrusion with unextrusion big wheat flour.The result indicated that the fat

stability in the extrusion big wheat flour was lower than the extrusion sample. The proportion was lower of the unsaturated
fatty acid and the saturated fatty acid in the unextrusion sample.At the same time,content of conjugation diolefine was high. T
Wang proposed the extrusion-expansion desensitize activity of the lipase and the fat oxgenase, thus enhanced the stability of
the soybean fat.this accorded with our test result.

4. Conclusion

The order of the effects of the extrusion system parameters on acid values of extruded oil in turn was temperature of die

noddle, diameter of die nozzle, speed of screw, moisture of material,
The effects on POV in turn was, moisture of material, temperature of die nozzle, speed of screw, diameter of die nozzle.
The stability of oxidation of the directly extracted extrusion-expansion oil is higher.
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The reseach on the double low rapeseed protein concentrated by a new
preparation method and its functional properties
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Abstract

The extraction condition was optimized by Response Surface Methodology. Results show that 70% ethanol water solution at
60°C, with the rate of 8.85:1, washing for six times and 20 minutes each, were optimum for defatted double-low rapeseed. By
this way, the rapeseed protein concentrate reached 62.48% in protein content and was light in color, bland in taste. In the product,
glucosinolation can be totally taken off and phytic acid descended by 60%. Its nitrogen solubility, water sorption, oil sorption,
emulsifiability and foamability were studied and improved also. The product was fitting to be used as food additive.

Key words: double low rapeseed protein concentrate, protein, phytic acid, response surface methodology, the
functional properties.

Introduction

Rapeseed, one of the most important oilseed crops cultivated in the world is becoming of increasing interest as a source
of edible protein. Rapeseeds contain 35~47% of protein, and hence defatted rapeseed meal may constitute a good source of
proteins for humans. Its amino acid composition is well-balanced in regard to FAO requirements.Moreover, oilseed protein
is rich in sulfue-containing amino acids and lysine which are generally limited in legumes and cereals.

The preparation for the rapeseed protein concentrate is the way of extracting glucosinolation, phytic acid, tannin and so
on from defatted rapeseed rapeseed, removing non soluble protein, causing the protein content to concentrate approach 65% in
rapeseed protein product. Profits from other oil protein sources to take out phytic acid, the dissolution of characteristic
difference between protein and phytic acid were used to separate them. The glucosinolation is soluble in water and the
polyphenol can be in alcoholate.

In the present paper, the double low defatted rapeseed meal was used as material for the rapeseed protein concentrated.
The ethanol water solution was chose as solvent and RSM was designed to optimize the parameter in experiment. It was also
discussed the functional properties of the rapeseed protein product. The results and data could provide a theoretical basis for
extensive application of concentrated rapeseed protein in food industry.

Materrials and methods

The double low defatted rapeseed meal: After the double low rapeseed cleaning up, the rapeseed’s wetness was adjusted
to 6% in the drying oven and the drying oven’s temperature was controlled under 45°C to prevent protein denaturation. Then
the rapeseed was pelled off by the rice huller, defatted by ether for 48 hours, and smashed.

Table1 The material’s mainly composition

Composition The double low defatted rapeseed
Crude protein(%) 37.86
Fibre (%) 537
Fat content (%) 0.30
Wetness (%) 531
Tannin (%) 1.21
Phytic acid (mg/g) 10.38
Iso thiocyante (mg/g) 0.80
Oxazolinethioketone (mg/g) 2.39

All chemicals incluing ethanol, ether were of analytical grade.
The content of protein determination: The content of protein was determined according to the micro-Kheldahl method.
Crude protein content was calculated using a convertion factor of 6.25.

The phytic acid’s content determination: The phytic acid’s content was determined according to trichloroacetic acid(TCA)
method.

Optimization of preparation conditions: The double low rapeseed protein concentrate was preparated by 70% ethanol
water solution. A three-factor central composite design was employed to examine the response, the content of protein and
phytic acid’s content as changed with the independent variables, the rate of solution and defatted rapeseed(X1), washing
times(X2) and how many mintues of each time(X3). A quadratic polynomial regression model was assumed for predicting the
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response. Every factor (code X1 to X3) had three levels corresponding to three code values. There were totally 15 independent
experiments. In every experiment, levels of the factors were arranged according to table 2. The model proposed was described
in table 3. Experimental data were analyzed for response surface regression for a quadratic polynomial model using SAS
software.

Table 2 Design of factors and levels in experiment

Factor Code Code value Level
+1 9:1
The rate X 0 8:1
-1 7:1
+1 7
‘Washing times X, 0 6
-1 5
+1 30
Minutes of each time X3 0 20
-1 10

Table3 Different levels of factors arranged in experiments

Code value of experiment
Test number

X X X3
1 -1 -1 0
2 -1 0 -1
3 -1 0 +1
4 -1 +1 0
5 0 -1 -1
6 0 -1 +1
7 0 +1 -1
8 0 +1 +1
9 +1 -1 0
10 +1 0 -1
11 +1 0 +1
12 +1 +1 0
13 0 0 0
14 0 0 0
15 0 0 0

Amino-acid analysis: Amino-acid analysis of HCl-hydrolyzed samples was carried out an automated Beckman instrument. This work was completed by the
amino-acid analysis service of the Oil Institute of the Chingese Academy of Agricultural Sciences(CAAS). All amino acid data were corrected for 100%
recovery.

Results

Optimization of technology for the double low rapeseed protein concentrate’s preparation:Results of 15 experiments were
shown in table 4. Content of protein and phytic acid were used as response values in analysis of response surface
regression(RSREG). The equation Y= ag+ a; X+ a2X2+a3X3+a”X12+ a22X22+a33X32+a12X1X2+ a;3X X5+ a3 X, X5 was used as
regression model. The procedure RSREG of SAS also gave values of paramrter estimated (table 5) and predicted values of the
equation (table 6).

Table4 The content of protein and phytic acid of 15 experiments

Test number Protein(%) Phytic acid(mg/g)
1 57.77 9.33
2 59.40 10.00
3 52.64 11.00
4 59.72 10.33
5 57.92 10.50
6 58.15 9.16
7 60.38 9.83
8 59.50 733
9 58.05 6.00

10 58.11 6.83
11 57.68 6.53
12 55.88 7.17
13 61.78 6.05
14 62.51 593

15 62.56 6.07
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Table 5 Parameters estimated by regression model

Parameters Protein Phytic acid
a 62.28 6.02
a 0.024 -1.52
a 045 -0.04
a -0.98 -0.14
a =323 0.54
ay -1.20 1.65
A, -2.10 1.54
ap -1.03 0.04
aj 1.58 -0.83
a3 -0.28 -0.29

Table 6 Predicted values of regression model

Response values The rate Washing times Minutes of each time Calculated value The type
Protein (%) 7.89 6.27 17.1 62.49 max
Phytic acid (mg/g) 9.82 6.04 254 459 min

Variance analysis of regression equation was conducted(table 7,8). F value of the model was bigger than f,5(9,5). R* was
0.973 and 0.990, which showed that linear relationship between dependent variable and whole indepengent variables was
significantly distinct.

Table7 Variance analysis of regression equations of the protein’s content

Variance Degree of The protein’s content
source freedom Sum of square Mean square F value
Model 9 77.56 8.62 9.69*
Error 5 444 0.89
Correct total 14 82.00
Linearly dependent coefficient R’=0.973

Table8  Variance analysis of regression equations of the phytic acid’s content

Variance Degree of The protein’s content
source freedom Sum of square Mean square F value
Model 9 3945 4.38 26.56**
Error 5 0.83 0.17
Correct total 14 40.28
Linearly dependent coefficient R?=0.990

Figure 1and 2 were response surface diagrams of the protein and phytic acid’s content.

Figure 1 (1) :X-washing times Y-the rate  Z-protein Figure 1 (2) :X- minutes of each time Y- the rate Z- protein

minutes of each time=17.1min washing times =6.27
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Figure 1(3): X- minutes of each time Y- washing times Z- protein
the rate =7.89

Figure 2 (2) :X- washing times Y- therate Z- phytic acid

minutes of each time =25.4min

Figure 2(1):X- minutes of each time Y- washing times Z-phytic acid
the rate =9.82

Figure 2 (3) :X- minutes of each time Y- the rate Z- phytic acid
washing times =6.04

Discussion

Considering the interaction of all the variables, the optimum conditions for the preparation of double low rapeseed
peotein concentrate can be calculated by the assumed equation as follows:70% ethanol water solution at 60°C, with the rate of
8.85:1, washing for six times and 20 minutes each.

By this way, the double low rapeseced protein concentrate reached 62.48% in protein content and was light
in color, bland in taste. In the product, glucosinolation can be totally taken off and phytic acid descended
by 60%. The 61% of the material can be gained.

The functional properties of double low rapeseed protein concentrate: The functional properties incluing solubility, water
sorption, oil sorption, emulsifiability, foamability and so on can have the influence on the physics or chemical property to food
quality. In recent years, protein products in food application are considered about not only its nutrition but also the
physico-chemical properties. Therefore,the resrch on the functional properties of the double low rapeseed protein concentrate
is extremely essential. The experiments were compared the functional properties of the double low rapeseed protein
concentrate(RPC) and the soybean protein concentrate(SPC).(Table9,Figure3,4,5,6)

Table 9 The solubility of the RPC and SPC(pH=7.0)

Product Soluble protein(%) Nitrogen solubility(NSL,%)
RPC 2.12 337
SPC 347 5.10

Results showed the RPC’s nitrogen solubility was lower for the protein denaturation, the RPC’s water sorption and oil
sorption were higher than SPC. But the RPC’s emulsifiabilityand foamability were not as good as the SPC.
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Figure 6 The foamability of protein products

Conclusions
The double low rapeseed protein concentrate was preparated by 70% ethanol water solution. The optimum conditions
were established by RSM. These parameters included temperature: 60°C, with the rate of 8.85:1, washing for six times
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and 20 minutes each. By this way, the rapeseed protein concentrate reached 62.48% in protein content and was light in color,
bland in taste. In the product, glucosinolation can be totally taken off and phytic acid descended by 60%. The 61% of the
material can be gained.

Table 10 The product’s mainly composition

Composition The double low rapeseed protein concentrate
Wetness(%) 7.24
Crude protein (%) 62.48
Fat content (%) 0.28
Fibre (%) 6.73
Ash content (%) 4.08
Tannin (%) 0.130
Phytic acid (mg/g) 4.62

Glucosinolation (mg/g) not detected

Table 11 The product’s composition of amino-acid

Amino-acid Content(g/100g) Amino-acid Content(g/100g)
Aspartic acid 8.87 Methionine 1.55
Threonine 443 Isoleucine 4.06
Serine 4.13 Leucine 532
Glutamic acid 19.74 Tydroxyproline 2.90
Glycine 421 Phenylalanine 3.99
Alanine 439 Histidine 1.86
Valine 435 Lysine 1.83
Arginine 240

The research on the functional properties of double low rapeseed protein concentrate showed the RPC’s nitrogen
solubility was lower for the protein denaturation, the RPC’s water sorption and oil sorption were higher than SPC. But the
RPC’s emulsifiabilityand foamability were not as good as the SPC.
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Abstract

Native rapeseed oils become more and more important in Germany, but also in other countries. The problem of such oils is
that the quality on the market is very heterogeneous, which makes the buying decision for the consumer difficult. The paper
presents results of a research project showing that the most important period for the production of native rapeseed oil is not the oil
processing, but the time between harvest and processing, with pre-treatment of the seeds and storage. Storage of the seeds with 9
% moisture as common used in large facilities is not suitable for the production of high-quality native rapeseed oil, because of the
development of negative sensory sensations. Also foreign matter such as foreign or broken seeds, pods or stems strongly affects
the quality of the resulting oil.

Key words: Oilseed rape, pre-treatment, quality, sensory quality, storage

Introduction

Since several years in Germany, but also in other countries additionally to refined rapeseed oil native rapeseed oil as
edible oil is available on the market, according to the example of native olive oil. Reasons for this interest are the demand of
the consumers for less processed food and the increasing desire for edible oils with a natural taste and smell according to the
material it derives from. From a nutritional point of view both types of oil can be assessed as comparable, but nevertheless
there are some differences which are important for the consumer and which result in differences for the demands on the initial
seed quality. While large centralized facilities with extensive oil processing and following refining have the chance to improve
oil quality independently on the seed quality, small decentralized facilities are strongly dependent on the quality of the seeds.
The simple oil production by means of a screw press with sedimentation or filtration as only cleaning steps does not allow an
improvement of the oil quality after processing (Fig. 1).
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Why is it so difficult to produce high-quality native rapeseed oil?
One key point for the production of high quality native rapeseed oil is that it is absolutely necessary to maintain the good
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quality of the seeds after harvest on a high level until processing. Looking on the market of native rapeseed oils in Germany
makes clear the dilemma of this type of oil. The quality of the oils on the market and especially the sensory evaluation is very
heterogeneous. While some oils have a typical seed-like and nutty taste and smell as expected by the consumer, several oils
have to be characterized as unsuitable for human consumption, with sensory defects like musty, fusty, yeast-like or others.

Studying the composition of rapeseed points out why it is so difficult to handle oilseeds in general and rapeseed
especially without losses of quality. In comparison to cereals with only 2% of fat, the fat content of rapeseed is about 45%. On
one hand fat is very susceptible against oxidation and degradation products of the oxidative process are already noticeable in
very low concentrations. On the other hand fat is an excellent carrier for aroma components, which retains and concentrates
volatile compounds. This implicate that the high oil content of rapeseed acts as the sensory memory of the seed. Everything
what results in an impairment of the sensory evaluation during pre-treatment and storage of the seeds up to the processing is
memorized by the oil. In native, cold pressed oils these failures are noticeable directly by sensory evaluation.

The results of the market survey emphasize that the production of high-quality native rapeseed oil is very difficult and it
must be taken into consideration that seeds harvested from the field are living organisms, which are strived for developing a
new plant. Additionally, an optimal storage of the seed material is only possible, if the seeds stay alive during storage.
Therefore before and during storage of the seeds producers of native rapeseed oil have to do the splits between reducing the
respiration rate of the seeds and keeping the seeds alive.

Influence of the storage conditions

For this the seed management is most important for the production of high quality native rapeseed oil for human
consumption. This includes a careful choice of the raw material and an appropriate pre-treatment of the seeds. The main
problem during storage is moisture, because a certain amount of water is sufficient for the development of micro organisms,
but also for the activity of enzymes. Both strongly affect the quality of the resulting oil. Sources of moisture are either the
seeds themselves or especially foreign matter, such as broken or foreign seeds, pods or stems. With increasing amounts of
moisture the respiration rate of the seeds increases and the result is the degradation of storage compounds like triglycerides,
carbohydrates and proteins and the development of volatile and non-volatile degradation products such as free fatty acids or
aroma-active compounds.
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Fig. 2. Storage of rapeseed with different amounts of moisture over a period of nine months and sensory evaluation of the resulting oils.

Therefore it is necessary to dry the seed material after harvest carefully, if the moisture content is higher than 8 %. Figure
2 shows the results of a storage experiment with rapeseed containing different amounts of moisture. The seeds were stored
over a period of 9 month and at appropriate dates seed material was pressed under defined conditions. The resulting oil was
tasted by a trained sensory panel.

Seeds stored with a moisture content of 7% were stable over a period of nine months. The resulting oils showed no
decrease of the positive sensory attributes seed-like or nutty and no development of negative attributes like fiusty or musty.
During storage of the seeds the resulting oil quality remained constant on a high level. The result is different, if the moisture
content increases to 9%. In that case a clear decrease of the positive attributes and an increase of negative attributes occurred,
making the resulting oils inedible after six months. Storage of rapeseed with 11% moisture resulted even in a faster
development of negative attributes while positive sensations were only detectable within the first month of storage. The results
of the experiment show that a limitation of the moisture content on 9% as used for large plants which have the possibility to
improve oil quality by refining is not sufficient for producer of native rapeseed oil. Here a value between 7 and 8% has to be
the aim. Additionally to the sensory quality of the oils, storage of rapeseed at 9% moisture or higher results in a continual
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increase of free fatty acids during a storage period of 9 months. No change in the content of free fatty acids was detectable at
moisture of 7% (Attenberger et al., 2005).

Influence of foreign matter

The existence of foreign matter is also critical. On one hand foreign matter consisting of broken seeds, foreign seeds,
sprouted seeds, but also pods and other foreign materials influences the oil yield, since it presents noticeable lower oil contents.
On the other hand oil quality is declined, because the content of free fatty acids and chlorophyll in sprouted, broken and
foreign seeds, respectively, is much higher than in intact rapeseed. As long as the oil is protected by the intact seed hull and
separated from the appropriate enzymes in compartments it is stable against hydrolysis into free fatty acids and oxidation
reactions. Not until this protective hull is damaged during harvest or storage, or pest like mite or insects try to get to the
ingredients these degradation reactions run. It is important to take into consideration that the number of micro organisms on
foreign matter is up to 100 times higher than on intact rapeseed. In addition, especially foreign seeds contain distinctive higher
amounts of moisture, which also pass on to rapeseed during storage. About 40% of the volume of stored rapeseeds consists of
hollows, in which an appropriate relative humidity is adjusted, depending on the amount of seed moisture. This humidity set
the speed of metabolism in the seeds and favours the growth of mould, yeast and bacteria on the seeds during the storage
period.

Therefore higher amounts of foreign matter result in a significant impairment of the aroma and taste of the resulting
rapeseed oil. Figure 3 shows that only 5% broken seeds in cleaned rapeseed lead within 6 days of storage at room temperature
to fusty and musty aroma components, while foreign matter like stems, pods or foreign seeds results in wood-like and
straw-like or also fusty and musty sensations, depending on the composition of the foreign matter (Attenberger et al., 2005).
Such oils are not usable as food or for food preparations.

Hence a careful cleaning of the seed material after harvest before storage is very important due to the fact that already
small amounts of foreign matter result in a notable deterioration of the oils concerning sensory evaluation and chemical
parameters.
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Fig. 3. Influence of 5% broken seeds in intact seeds during 6 days of storage at room temperature on the sensory evaluation of the resulting
oil.

Conclusions

The main factor affecting the quality of native rapeseed oil is the period from harvest to processing and not the processing.
Within this time the high oil content of the seeds acts as sensory memory and everything what was done with the seeds is
coming back as taste and smell of the oil. Since producer of native rapeseed oils have no possibility to improve the quality of
the oil during processing it is absolutely necessary that they take care on the quality of the raw material.
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Abstract

The paper presents some results of an investigation dealing with the effect of flavouring of rapeseed oil with rosemary,
thyme and basil on the oxidative stability, sensory evaluation and content of phenolic compounds of the oils. The oils were stored
for 26 weeks at room temperature and 7 days at 50°C, respectively. The addition of spices had some effect on the oxidative
stability, but the effect was not much pronounced at room temperature. Only after 22 weeks the oils without spices showed a
stronger increase of the peroxide value than the flavoured oils. At 50°C the effects were clearer. Addition of rosemary and thyme
resulted in only a small increase of the peroxide value and also the addition of basil reduced the increase of oxidation in
comparison to oil without spices. The sensory quality of the oils changed during storage from an aroma typical for the used spice
to a more astringent taste. During storage an increasing amount of volatile compounds from the spices were found in the oil. An
increase of the total volatile compounds during storage was observed. Some of the phenolic compounds migrate from the spices
into the oil, but the amount was small and the main phenolic compounds of spices were not found.
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Introduction

Edible rapeseed oil became increasingly popular within the last years, because of the interesting fatty acid composition,
which has some advantages from the nutritional point of view. For the marketing with edible oils it is necessary to present
continuously new and innovative products to the consumers. In this context the flavouring of edible oils with spices for the
preparation of salads and other foods occurred on the market. Some of these spices are known to contain higher amounts of
effective antioxidant components, e. g. rosemary (Schwarz et al., 1992; Hopia et al., 1996; Nguyen et al., 1999). From this the
aim of the work was to investigate the effect of spices on the quality of the oils during storage, especially in view of the
oxidative state and the sensory quality.

Materials and Methods

Each, 1.5 g of dried material from rosemary, basil and thyme, respectively, purchased from a local supermarket was
added to 200 mL of refined rapeseed oil. Several bottles of the oils flavoured with spices were stored at room temperature for
26 weeks and every two weeks at the beginning of the experiment, later every four weeks one bottle was taken and the oils
were assessed with regard to the sensory quality. Additionally some chemical parameters describing the oxidative status of the
oils were investigated. The content and the composition of phenolic compounds extracted from the oils were determined. Also
a storage experiment at accelerated temperature over a period of 7 days at 50°C was carried out.

Table 1. Methods used for the evaluation of the status of the stored oils

No. Parameter Method Reference

1 Anisidine value DGF C-I11 3b DGF, 2005

2 Oxidative stability (Rancimat 120°C) Cd 2291 AOCS, 1990

3 Free fatty acids DGF C-V2 DGF, 2005

4 Tocopherol composition DGF F-114 DGEF, 2005

5 Peroxide value DGF C-VI 6a (02) DGF, 2005

6 Sensory assessment modified DGF C-11 1 (97) DGEF, 2005

7 Volatile compounds Dynamic Headspace-GC Briihl and Fiebig, 2005
8 Content of phenolic compounds HPLC Mateos et al., 2001

Results

The results show that all types of spices used in this investigation were suitable to change the sensory sensation of the
initial oils towards the taste and smell of the appropriate spice, because oil as a very good aroma carrier took in the aroma
components of the spice. Shortly after addition of the spices the oils tasted and smelled accordingly to the appropriate spice.
After 20 weeks of storage the aroma changed to more unpleasant sensations and became increasingly astringent. Figure 1
shows the increase of volatile compounds during storage of oil after addition of rosemary over a period of 6 days at 50°C.
During this time the amount of volatile compounds migrated from the spice into the oil increased for about 50 times. A similar
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result, but not as clear was also found for rosemary, basil and thyme stored at room temperature.
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Fig. 1. Development of volatile compounds in rapeseed oil flavoured with rosemary stored at 50°C over a period of 6 days.

Only a small increase of the content of free fatty acids was observed for the oils stored with different spices, although the
increase in oils flavoured with spices was higher in comparison to oils without addition of spices. But the differences between
the oils were only significant for thyme (p < 0.05) (results not shown). One reason for a slightly faster formation of free fatty
acids after addition of spices could be spice-own or microbial enzymes which are able to degraded triglycerides. Nevertheless
for a high quality of the oil a microbial clean spice material is necessary, since otherwise a faster degradation of triglycerides
and a faster formation of free fatty acids is to be expected.
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Fig. 2. Effect of basil, rosemary and thyme on the peroxide value of rapeseed oil during storage at 20 °C.

The influence on the oxidative state of oils enriched with spices during storage depends on one hand on the composition
of the phenolic compounds of the spices and on the other hand on the migration of phenolic compounds from spices into the
oil. Figure 2 shows the development of the peroxide value of oils enriched with rosemary, basil and thyme in comparison to oil
without addition of spices. While the peroxide value of the oils enriched with spices showed only a weak increase of the
peroxide value from 1.5 to 2.5 meq O,/kg within 26 weeks of storage, oil without spices reached a peroxide value of 4.0 meq
O,/kg. This indicates a significant (p < 0.05) influence of the three tested spices on the oxidative stability of the oil during
storage. The same effect was observed for measuring the oxidative stability by Rancimat at 120°C. By addition of spices to the
oils the oxidative stability measured by Rancimat was enlarged (results not shown).

The differences between the different spices were unincisive regarding the formation of peroxides, but the effect was
much clearer at higher storage temperature. Possibly, storage at higher temperatures enables an easier migration of compounds
with an antioxidative activity from the spices into the oil. Using 50°C as storage temperature, the peroxide value of oil without
addition of spices increased within 7 days to about 30 meq O,kg, while addition of spices resulted in a significant
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improvement of the oxidative stability of the oils.

‘ —®-without spices -4— basil —-rosmary & thyme

30

N
[¢)]

N
o

Peroxide value [meq/kg]
o

10
5
0 T T T T T T T
0 1 2 3 4 5 6 7

Storage time [d]

Fig. 3. Effect of basil, rosemary and thyme on the peroxide value of rapeseed oil during storage at 50 °C.

Flavouring with basil reduced the peroxide value for a half and the effect was much more pronounced by addition of
rosemary and thyme, respectively. In that case the peroxide value increased only to about 5 meq Oykg. A similar result was
found for the oxidative stability measured by Rancimat at 120°C which increased with increasing storage time for rosemary
and thyme.

The content of tocopherols in rapeseed oil was not influenced by the addition of spices. During storage the content of
tocopherols continual decreased, but no difference by the addition of spices in comparison to the samples without spices was
observed (data not shown).

Looking on the migration of phenolic compounds from spices into oil it is obvious that only very small amounts of these
compounds go into the oil. After 5 weeks only 10.3 and 58.2 mg/100 g oil were found in oil flavoured by basil and rosemary,
respectively, in comparison to 7.4 mg/100 g of the initial oil. Figure 4 shows the HPLC-chromatograms of the phenolic
compounds extracted from oils after storage with appropriate spices. It is obviously that the amount of some compounds
increased as storage time went by. But interestingly rosmarinic acid, characteristic for and the main phenolic compound of
spices was not found, while other substances already described as phenolic compounds of spices, luteolin and apigenin
occurred in only small amounts. Although spices contain high amounts of phenolic compounds only a small amount is
oil-soluble and migrates into the oil during storage. The main part of the phenolic compounds remains in the spices. Therefore
the effect of the phenolic compounds on the oxidative stability is only small. Since the migration of phenolic compounds into

the oil is improved at accelerated temperatures in that case spices can contribute to a higher oxidative stability.
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Fig. 4. HPLC chromatograms of phenolic compounds extracted from oils flavoured with rosemary and basil.

(IS 1 = p-hydroxyphenylacetic acid, IS 2 = o-coumaric acid, 1 = vanillin, 2 = vanillic acid, 3 = p-coumaric acid, 4 = luteolin, 5 = apigenin)
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Conclusion

The improvement of the oxidative stability of oils by addition of and flavouring with spices is only small at room
temperature and a little more pronounced at accelerated temperature, since the migration of phenolic compounds into the oil
was improved by the higher temperature. The main effect of spices is the flavouring of the oil and not the improvement of the
oxidative stability. During storage the amount of volatile compounds which migrate from spices into the oil increased
significantly, but during long-term storage the taste of the oils changes to astringent sensations, which has to be taken into
consideration.
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Abstract

Phvtosterol esters are kinds of novel serum cholesterol lowering functional food additives. A detailed introduction to
progresses in the function and the synthesis of phvtosteryl esters, especially the enzymatic synthesis,are discussed in this paper in
order offering consults for the application research of phytosterol ester.
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Introduction

Plant sterols (phytosterols) are sterols derived from plant sources, such as vegetable oils and cereals a. In plants, more
than 40 sterols have been identified with B-sitosterol being the most abundant. Phytosterols are important, due to their recent
recognition and application in the food and nutraceuticals industries as cholesterol lowering agents, which are known to have a
hypocholesterolemic effect by lowering plasma total and low density lipoprotein (LDL) cholesterol levels without affecting
plasma high density lipoprotein (HDL) cholesterol concentration(Pollak, 1953; Beveridge, 1964; Lees, 1977). The safety of
phytosterols has been affirmed by government agencies such as the US Food and Drug Administration and the European
Union Scientific Committee. Phytosterol is one of 10 function ingredients in the future, 2000 year FDA authorized foods
added phytosterol or ester could use “healthy” label (Jones, 2000). 2004 year European Union committee passed the foods
added phytosterol or esters of ARCHER DANIELS MIDLAND Company (ADM) and Unilever Company.

1 Function

1.1 Absorption of phytosterols and Toxicity stud