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INTRODUCTION

The present high production of winter rape, which is a
major raw material for the food industries and other uses,
makes it necessary to utilize also the processing residues
representing a valuable animal feed.

All species of the genus Cruciferae, involving also the
winter rape (Brassica napus L.), contain the glucosinolates
(Fenwick, Heaney 1983; S8rensen 1984) the hydrolytic products
of which are toxic and 1limit this its value and application
in animal feeding (Sones et al. 1984).

Attention has been thus given both to the inclusion of
the rape defatted meal in mixed feeds and to the role of rape
as a cover crop to be used in livestock nutrition. These in-
clude unfortunately various amounts of glucosinolates in the
dry or green matter, the toxicity of which constrains greatly
their feeding applications.

To obtain a comprehensive information on the whole prob-
lem of glucosinolate biosynthesis and levels, we studied their
dynamics in the "O" Jet Neuf and "OO" Darmor varieties in the
course of ontogeny, giving particular attention to winter ra-
pe application in crop improvement and animal feeding.

MATERIALS AND METHODS

The biosynthesis and contents of glucosinolates through-
out winter rape ontogeny were studied in its French varieties
currently certified in Czechoslovakia -~ "0" Jet Neuf and "OO"
Darmor, and the respective field experiments were carried out
in 1987-1988 at the School Farm of the Agricultural Universi-
ty Prague. This is a sugarbeet-wheat growing region.

The trial pattern and timing were as follows: the plot
was first under the winter wheat and the rape seeding took
place on August 29, 1987 at a rate of 6 kg/ha. No fertilizer
was applied in the fall but there were two spring nitrogen ap-
plications (April 3 - 70 kg/ha, LAV) and (78 kg/ha, DAM), and
the no-dessication harvesting was done on July 1, 1988 and
gave a yield of 4,59 tons/ha for the Jet Neuf variety, and
4,50 tons/ha for the Darmor one, respectively.

The plant samples (10) had been taken weekly since spring
regeneration stage (April 6, 1988) to the green maturity
(June 1, 1988), and average samples had been made by combining
the leaf, stalk, and root samples. The seed samples had been
taken simultaneously throughout the green to full ripeness pe-
riod. .
QUANTITATIVE GLUCOSINOLATE ANALYSIS

Vegetative tissues were extracted and cleaned using the
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method described by Heaney and Fenwick (1980). Isolated gluco-
sinolates were desulfated and silylated by trimethylchlorsila-
ne (TMCS) and N,0- bis (trimethylsilyl) acetamide.

The desulphotrimethylsilylderivatives of glucosinolates
were determined by gas chromatography using the internal stan-
dard method, the latter being the sinigrine. Chromatographic
analysis of derivatized glucosinolates was performed on the
Hewlett-Packard 5890 chromatograph with a capillary column
HP-5, the respective carrier gas being nitrogen flowing at
12 ml/min. Thermal programming had an initial temperature of
220‘0, the increase of which at 10-minute intervals was 10°C
up to the final temperatyre of ZBO:C. The injector and detec-
tor temperatureswere 250 C and 300 C, respectively.

The seed samples were also analysed by chromatography
(Zukalova, Vaddk 1978).

RESULTS AND DISCUSSION

The dynamics of glucosinolate biosynthesis was studied in
the "O" Jet Neuf and "00'" Darmor rape varieties, and the re-
sults obtained (Fig. 1) showed that these are present through-
out the whole plant.

The glucosinolate content in the roots at the stage of
regeneration is six time more in either variety, and at the
stage of butonization more than two times in a relative com-
parison with the leaf and stalk contents, the leaf one being
less than the stalk level.

The highest glucosinolate levels were found in young me-
ristematic tissues and were declining in the course of the
growth (Kutafek et al. 1957) which seems to be in line with
the generally valid knowledge of changes in the content of
undesirable secondary products in the green matter of culti-
vated crops in the process of tissue ageing (Hackbarth 1969).

The glucosinolates present in the vegetative rape plant
parts contain both alkenyle and indole glucosinolates, and
the aerial parts of the Jet Neuf rape variety had on the ave-
rage 14 to 19% of indole glucosinolates while its roots con-
tained as much as 50% of them. The "00" Darmor variety had
3 to 6% of them in its above-the-ground parts, and about 33%
in its roots.

Declining glucosinolate contents in vegetative plant
parts in the course of growth were reported by a number of
authors (Jlrges 1978; McGregor 1987; Smith 1988), but their
absolute levels are governed by the plant genotype and by a
variety of agroecological factors. Our findings are in a line
with the results published by Sdrensen (oral communication
1989) who had found - apart from the alkenyle glucosinolates
in the roots of rape - particularly the neoglucobrassicine of
the indole ones, and the glucobrassicine in the leaves and
stalks.

At the time of optimum green forage harvesting (growth
stage 54-56, butonization to 56~62, inflorescence) is the glu-
cosinolate content low, averaging some 200 jmol/100 g fresh
matter in both rape varieties. Toothey (1980) reported that
harmful glucosinolate concentrations to living organisms start
from 0,4% in dry matter, this corresponding, when taking into
account a 13% dry matter of samples, to 123,5 amol/100 g of
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fresh matter, which is exceeded almost by all "O" and "0O"
rape varieties under study , except for the glucosinolate con-
tent in the Ceres variety leaves (179,89 ,umol) approaching
most the abovementioned level. The glucosinolates, represen-
ting one of the factors responsible for the toxic syndrome of
the Cruciferae, do cause the swelling of the thyroid gland in
domestic animals only but no significant pathological changes
leading sometimes to wildlife death. Apart from another toxic
compound, the S-methylcysteinesulphoxide, are the game losses
most likely due to imbalanced fodder (Féabry 1988).

The differences in the glucosinolate contents for the two
variety types in their green matters are not as significant as
in their seed (Fig. 2), and in rape seeds is the glucosinolate
content of the "00" varieties only 1/10 to 1/5 of that in the
"o" varieties.

In the course of ripening, "O" varieties showed a marked
increase in the glucosinolate content since about the 55th day
from the beginning of flowering, in contrast to the "00" vari-
eties in which the respective biosynthetic system is obviously
blocked.

The results of our observations are in agreement with the
studies of biosynthesis published by Underhill et al. (1973)
and with the findings on the model "OO" rape variety Librador
(Zukalova 1985).

The glucosinolates would be synthesized in vivo. from the
aminoacide, and the key product of this synthesis was' found to
be oxime, and/or aldoxime (Underhill 1967). The sulphur atom
in the thiogroup would be transmitted from methionine or cys-
teine. Glucosis would be transmitted in the process of gluco-
sinolate synthesis in its activated form from the uridinebis-
phosphateglucose (UDPG), and the sulphate group from the phos-
phoadenosinephosphosulphate (PAPS). The knowledge of the bio-~
synthetic processes is important in the study of the genetic
blockages of glucosinolate synthesis in varieties of lowered
glucosinolate content. In the "00" variety Bronowski, blocka-
ges in the oxime synthesis and in the hydroxylation processes
in hydroxyderivatives synthesis were identified. As for the
green matter, accumulation takes place at the beginning of the
growing period and probably to a decline due to the dilution
effect. The decline might be due, in addition to the dilution
effect, also to the degradation of specific glucosinolates or
due to different biosynthesis rate at various developmental
stages (Bergmann 1970). Apart from the glucosinolates repre-
senting one of the rape anti-nutritional components, attention
should be given also to substances such as-sinapine, tannine,
and fiber, S-methylcysteinesulpoxide, as well as to interacti-
ons of glucosinolates, phenolic substances and proteins.

CONCLUSION
- The highest glucosinolate contents were found in young
meristematic tissues of vegetative rape plant organs; these
were declining in the process of growth. This is why off the
growth season is the harm limit surpassed.

- The lowest glucosinolate contents will be found at times
of green forage harvesting, i.e. at the growth stages 54-56,
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butonization, and 56-62, inflorescence, amounting to about
200 umol/100 g of fresh matter,

- Most represented in the green matter are the alkenyll
glucosinolates (88-92%) which are primarily responsible for
the toxic syndrome, while the percentage of the indole ones
is 8 to 12% only.

- The percentage of indole glucosinolates in rape roots
varies around 40%.
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