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Summary. Seven groups of 10 growing rats each were fed a control diet or rapeseed
diets with glucosinolate contents ranging from 4.4 to 36.6 mM/kg DM. After a 5-day
adaptation period, the rats were fed ad libitum for 17 days.

The food intake of the experimental groups was maximal after 11 days and was, on an
average, 4 to 45 % lower than that of the control group. The differences were still greater
during the last 7 days. Daily weight gain was also maximal after 8 days and began to
decrease, dropping to 1 g during the last days. There were negative curvilinear relationships
between food intake or weight gain and diet glucosinolate content.

Liver weight (g/100 g of body weight) was not significantly altered by glucosinolate
intakes between 0.08 and 0.39 mM/day. However, in the groups fed the diets with the
lowest glucosinolate contents, plasma triiodothyronine (T3) and thyroxine (T4) levels were
50 % lower than in the control group and 70 or 80 % lower, respectively, with the diets
having the highest glucosinolate contents.

Introduction.

The meals obtained from the first new rapeseed cultivars bred in France

(Morice, 1974) or in other countries (Tower, Line and Erglu) had very low

glucosinolate contents (8 to 15 mM/kg of dry matter, DM) which permitted their
use at high concentrations in animal feeds (McKinnon and Bowland, 1977 ;
Vermorel, Fayet and Baudet, 1978 ; review by Rundgren, 1983 ; Thomke et al.,
1983 ; Bell, 1984). However, their agronomic yield was low. In France, crosses of
the original lines with highly productive varieties made it possible to breed new
varieties, such as Tandem and Darmor, which have yields very similar to those of
the older types of rapeseed high in glucosinolates (Morice, 1983). However, the
increase in yield was accompanied by a relative increase in glucosinolate content
significantly higher than that of the first varieties cited but 3 to 5 times lower than



that of older varieties. Moreover, these contents varied from 30 to 60 mM/g DM
according to region and growing conditions (results of CETIOM trials).

Many studies have shown that low-glucosinolate rapeseed meal is a useful
source of protein, but not much systematic work has been done on the effects of
the glucosinolate content of diets on animal performance and its physiological
and pathological consequences. Only Narendran et al. (1981) and Thomke (1984)
reported feeding trials on growing pigs with very low glucosinolate meals from
Tower and Karat rapeseed varieties containing 5 and 11 mM of total

glucosinolates/kg, respectively. Thus, it appeared necessary to determine the
conditions for maximal utilization of French rapeseeds in the diets of growing pigs
according to their glucosinolate content. Growing rats were used as experimental
models to determine whether the effects observed were directly proportional to
glucosinolate intakes.

Material and methods.

Feeds and diets. - Seven balanced diets with increasing glucosinolate contents
were constituted using, in various proportions as protein sources, rapeseed meal
from the Jet Neuf and Tandem varieties (both dehulled) and herring meal. The
Jet Neuf rape seeds had been almost completely dehulled using CETIOM experi-
mental equipment, followed by a mild heat treatment with no cooking or pres-
sure, hexane extraction and desolventization at 60 °C. The seeds of Tandem were
dehulled and treated according to the method of Chone (1983) : cooking and
pressure at 70 °C, then at 90 °C, extraction with hexane and desolventization at
65 °C. The total glucosinolate (GI), isothiocyanate (ITC) and vinyloxazolidene-2-
thione (VTO) contents of the rapeseed meals were determined by the methods of
Thies (1978) and Youngs and Wetter (1967), respectively.

The total glucosinolate content of the Jet Neuf sample used was particularly
high, whereas that of Tandem was much lower (33 vs 210 mM/kg DM) (table 11. ).
Thus, it was possible to obtain a wide range of glucosinolate concentrations in
diets with similar proportions of rapeseed meal (21 to 26 % The proportions of
VTO in the total glucosinolates were comparable in the two meals, but those of
ITC were relatively (23 %) lower in Tandem meal. The protein contents of the
two meals were high, being 10 % more with Tandem due to a lower cell-wall car-



bohydrate content (17.8 vs 34.3 % of NDF). In reverse, the available lysine con-
tent (acid orange 12 method) was lower for Tandem meal than for Jet Neuf (4.5
vs 4.72 % of protein).

In control diet 1, methionine-supplemented herring meal was the sole protein
source. In diet 2, half, and in diet 3, all, the protein was provided by meal from
Tandem rapeseed. In diets 4 to 7, 20 % of the proteins came from herring meal
and 80 % from varying proportions of Tandem and Jet Neuf meals in order to
obtain a range of dietary glucosinolate contents increasing from 0 to 36.6 mM/kg
OM (table 2).



Animals. &horbar; Seventy male Sprague-Dawley rats of average weight (75 g) were
randomly allotted to 7 groups of 10 animals each. Each group received one of the
7 diets described during a period of 22 days.

Feeding. - The diets were fed in the form of wet mash to avoid wastage. To

adapt the rats easily to the experimental diets, the diets were fed mixed with the
control diet in increasing proportions (1 /4, 1 /2, 3/4) during the first 3 days, then
alone and ad libitum for 19 days.

Measurements. &horbar; The individual quantities of dry feed distributed, refused and
ingested by the rats were determined each day. The rats were weighed at a set
time twice a week and on the last day.

At the end of the experiments, 5 rats from each group were anaesthetized
with ether and 2 ml of blood were collected by cardiac puncture for determination
of thyroid hormone concentrations. The other rats were asphyxiated with ether.
The liver and gut contents were removed from all the animals ; the latter were
used to determine empty body weight gain (EBWG). Plasma triiodothyronine (T3)
and thyroxine (T4) contents were determined by radioimmunoassay (RIA Kit T3
and RIA Kit T4, Amersham). The results were tested by analysis of variance and
Student’s t-test or the U-test of Mann-Whitney in the case of thyroid hormones
(5 rats per group) (Snedecor and Cochran, 1968).

Results.

Feed intake. - Feed intake increased regularly in groups 1 (control) and 2

(4.4 mM GI/kg DM), in spite of an unexplained reduction between days 8 and 11.



The increased intake of rats of group 3 (8.8 mM GI) slowed down after day 8.
This phenomenon was even more accentuated with diets 4 to 7, where intake
stopped increasing or decreased after day 8 or 15 (fig. 11.

During the period the pure diets were fed ad libitum, the average intakes of
the rats in groups 2, 3 and 4 were 4, 15 and 15 % lower, respectively, than those
in the control group (P < 0.011. The differences were even greater (27, 39 and
45 %) for groups 5, 6 and 7, respectively (P < 0.001) (table 41. These differences
also increased during the last 7 days of the trial, reaching 39, 50 and 54 % for
groups 5, 6 and 7, respectively (fig. 2).

Body weight gain. - After adaptation, the live weight gain of rats in group 1

(control) and group 2 (4.4 mM GI) was rather constant. The growth rate of rats in
groups 3 to 7 decreased as the dietary glucosinolate concentration increased. The
growth curves dropped markedly from about day 11 (fig. 3) due to the stabiliza-
tion and then reduction in daily weight gain which became noticeable between
days 8 and 11 and accelerated from day 15 (fig. 4). During the last days of experi-
mentation, the live weight gain of rats in groups 6 and 7 (28.2 and 36.6 mM GI)
was reduced to about 1 g/day.

There was a close curvilinear relationship between daily weight gain and die-
tary glucosinolate content which varied between 8.1 and 3.0 g/day for the first
17 days (table 4) and between 8.3 and 1.8 g/day during the last 7 days (fig. 5).
The difference in weight gain between groups 6 and 7 was not significant either
during the first 17 days or the last 7 days, in spite of a 30 % higher glucosinolate





Feed efficiency. - During the period when the diets were fed pure and ad
libitum, there was no significant difference between groups 1 and 2. In contrast,
feed efficiency was reduced by 16, 20, 27, 34 and 33 % for diets 3, 4, 5, 6 and 7,
respectively (P < 0.001) (table 4). Similarly, the protein efficiency ratio (live
weight gain/N intake) was not significantly different between groups 1 and 2, but
was 24, 23, 30, 39 and 35 % lower for groups 3, 4, 5, 6 and 7, respectively
(P < 0.0011. These differences were probably due to the reduced protein digesti-
bility of diets rich in rapeseed meal and to the reduction in growth rate.

Liver weight. - Rat liver weight increased with total body weight, generally
representing about 7.4 % of live weight (table 4). There were no differences

among the 7 groups, in spite of the different glucosinolate contents of diets and
intake (0 to 388 mM/day on an average). Furthermore, no macroscopic anomaly
was observed.

Plasma concentrations of thyroid hormones. - After the 22-day period, T3
and T4 levels in plasma from rats fed the rapeseed diets were all significantly
lower than those of the controls (P < 0.01) (table 51. For groups 2 and 3 (4.4 and
8.8 mM GI), the plasma T4 and T3 levels were divided by 3 and 2, respectively. For
groups 4, 5, 6 and 7 (13.4 to 36.6 mM GI), the plasma T4 levels did not differ

significantly, amounting to about 30 % of those in the controls. Plasma T3 levels
continued to drop (from 38 to 22 % of that in control animals for groups 4 to 7)
as the dietary glucosinolate content increased (fig. 6).



Discussion and conclusion.

The results of this study show that after adaptation, rat feed consumption
and growth rate were reduced almost linearly, with the increase in dietary glucosi-
nolate concentration from 0 to 25 mM/kg, and then more slowly between 25 and
36.6 mM/kg. Trial conditions were such that it was not possible to determine the
respective effects of ITC and VTO since the proportions of these compounds
were similar in the two rapeseed meals.

One of the most interesting results of this study is the stabilization of intake
and growth rate from day 8 and their reduction from day 11. This reduction acce-
lerated, and during the last 7 days it was proportional to the dietary glucosinolate
concentrations ; growth rate was close to zero. This variation in time cannot be
explained by the poor palatability of the rapeseed meal due to the presence of
sinapine since the rats were adapted progressively to the diets and their perfor-
mance improved between days 3 and 8. It was shown that rats adapt to the pre-
sence of sinapine in the diet within one week (Vermorel, Hocquemiller and Evrard,
1987). Moreover, Lee, Pittam and Hill (1984) showed that a reduction in feed
intake by growing pigs receiving rapeseed was due to the presence of glucosino-
lates rather than to sinapine or tannins. Finally, the addition of progoitrin and
myrosinase to a control diet caused a marked drop in intake and growth rate over
15 days (Vermorel, Heaney and Fenwick, 1986).

It is likely that glucosinolate products, and especially VTO, inhibit thyroid
hormone synthesis (Moreale and Escobar, 1967) and that the animal progressively
utilizes its reserves. The effect probably increases with increasing dietary glucosi-
nolate concentrations (Vermorel, Fayet and Baudet, 1978), at very low levels,
plasma T4 content is not reduced in rats ; similarly, in pigs the size and structure
of the thyroid gland are not altered (Thomke, 1984). In contrast, at relatively low
glucosinolate concentrations (4.4 mM/kg), plasma T4 and T3 contents are reduced

by 65 and 50 %, respectively, showing that in rats, as in pigs, the functioning of
the thyroid is very sensitive to the presence of glucosinolates. In pigs receiving
only 1.7 mM glucosinolates per kg of feed, the thyroid is incapable of responding
to an infusion of thyrotropin-releasing hormone (TRH) by increased T4 secretion,



as opposed to the reaction of control animals (Christison and Laarveld, 1981).
However, the performance of growing pigs receiving 4 or 5 mM of glucosino-
lates/kg of feed is not modified (Narendran et al., 1981 ; Thomke, 1984),
and that of rats in the present study dropped by only 6 %, even during the last
7 days, although it may be questioned whether the reduction would have in-
creased over a long period of time.

Glucosinolate intake generally causes an increase in liver size, fatty infiltra-
tions, many changes in enzyme activity, necrosis and regeneration in rats (Oliver,
McDonald and Opuzynska, 19711. There seem to be fewer anomalies in the liver
structure of pigs (Thomke, 1984). However, contrary to all the other results ob-
tained on rats and pigs fed diets rich in glucosinolates, those in the present study
show that a high intake did not modify relative liver weight. The phenomenon
could result in part from the utilization of dehulled rapeseed meal from which we
had removed a large part of the tannins responsible for liver enlargment, accor-
ding to Just, Hansen and Jensen (1982). Nevertheless, intake of purified progoi-
trin and myrosinase cause liver weight to double (Vermorel, Heaney and Fenwick,
1987). The present observations could also be explained by the marked reduction
in intake at the end of the trial in rats receiving high concentrations of glucosino-
late. Lastly, the very mild heat treatment applied to the rapeseed may have pre-
vented the formation of compounds toxic to the liver.

In conclusion, the effects of glucosinolates on rat performance are approxi-
mately proportional to the concentration of dietary glucosinolates ; these effects
begin to appear about 10 days after the beginning of rapeseed intake and increase
with time, reducing growth rate to zero. In contrast, the effects on thyroid func-
tion are maximal at low concentrations, suggesting that the reduction in plasma
T4 and T3 levels is not the sole cause of the reduction in feed intake and growth
rate. According to these results on rats, it may be assumed that the amount of

rapeseed meal that can be used in the diet of growing pigs depends on the con-
centration and nature of the glucosinolates present and the technological treat-
ments they undergo.
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Résumé. Valorisation du tourteau de colza. 3. lnfluence de la teneur en glucosinolates
sur la consommation d’aliment, le gain de poids, le poids du foie et les teneurs en hormo-
nes thyroïdiennes du plasma chez le rat en croissance.

Sept groupes de 10 rats mâles en croissance ont reçu un régime témoin ou des régi-
mes à base de tourteau de colza dont la teneur en glucosinolates variait de 4,4 à
36,6 mM/kg MS. Après une période d’adaptation de 5 jours, les rats ont été alimentés ad
libitum pendant 17 jours.

La consommation d’aliment des rats recevant du colza a atteint son maximum au bout
de 11 jours et était inférieure de 4 à 45 % à celle du lot témoin. Les différences étaient
encore plus importantes au cours des 7 derniers jours de l’expérience. Le gain de poids vif a
été maximum au bout de 8 jours et a commencé à diminuer jusqu’à 1 g par jour au cours



des derniers jours. Il existe des relations curvilinéaires entre la consommation d’aliment ou

le gain de poids et la teneur en glucosinolates des régimes.
Le poids du foie (g/100 g de poids vif) n’a pas été modifié significativement par des

ingestions de glucosinolates variant de 0,08 à 0,31 mM/jour. Cependant, les concentrations
en T3 et T4 dans le plasma étaient inférieures à celle du lot témoin : de 50 % et 70 à 80 %
pour les teneurs les plus faibles ou les plus fortes en glucosinolates des régimes.
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