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ABSTRACT

One hundred and seventy-five laying hens each of lines Hy-Line and ISA Brown were divided
into seven groups of 25 birds and maintained in individual cages from the age of 26 weeks for 9 mon-
ths of laying. The hens were fed isoprotein and isocaloric diets containing 16.7% crude protein and
11.4 MJ/kg. In the experimental diets, 45, 60 or 100% of the protein of soyabean meal was replaced
by protein from regular rapeseed meal (R-RSM) or fractionated rapeseed meal (S-RSM) containing
11% more protein and 14% less crude fibre. Every 8 weeks egg and egg shell quality were assessed
on 15 eggs per group; twice during the experiment egg odour was assessed on eggs from all of the
hens. The use of rapeseed meal, both R-RSM and S-RSM, had no effect on laying rate parameters of
egg and egg shell quality. As the content of rapeseed meal in the diet increased, the weight of eggs
decreased (P<0.01). Among the hens fed the ration containing rapeseed meal, 3.4% of the Hy-Line
and 7.4% of the ISA Brown hens laid eggs with a fishy odour. The type of rapeseed meal and its con-
tent in the diets had no effect on the occurrence or intensity of the non-specific odour of eggs.
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INTRODUCTION

Rapeseed meal, one of the main sources of protein in animal nutrition, has
a lower nutritive value than soyabean meal because of its lower protein content
and higher crude fibre content, and because it contains glucosinolates, which are
antinutrients.
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The use of rapeseed meal in the nutrition of broilers is more common (Smuli-
kowska et al., 1991, 1998; Chibowska et al., 2000; Kaminska et al., 2000), than
in laying hens (Rutkowski et al., 1989; Gwara et al., 1993; Brettschneider et al.,
1995; Niemiec et al., 2001). This may be caused by the occurrence of the unple-
asant “fishy”” odour of eggs from some hens fed rapeseed meal. In reviews on the
occurrence of egg taint, Pearson et al. (1980) and Butler et al. (1982) found that it
is related to the presence of sinapine in rape seed and reduced trimethylamine oxi-
daze activity in the liver of those hens that lay brown-shelled eggs. These layers
lack the gene that is responsible for the degradation of trimethylamine, a compound
with a fishy odour, that is formed in the bacterial hydrolysis of synapine. Ochodz-
ki (2002) reported, that yellow-seed varieties of rapeseed contain more synapine
(2.3-2.9%) than the brown-seed (2.1-2.2%). This is why the use of yellow-seed va-
rieties is rather ineffective in preventing the production of tainted eggs.

The objective of this study was to examine the effect of partial or total substitution
of soyabean meal with regular rapeseed meal or its fraction, which as a result of me-
chanical separation contains more protein and less crude fibre, on the productivity of
laying hens and the quality of eggs of two lines of hens laying brown-shelled eggs.

MATERIAL AND METHODS

Rapeseed meal (R-RSM) was separated using a 0.5 mm mesh sieve. Two frac-
tions were obtained of which the finer one, containing more crude protein and less
crude fibre, is denoted as S-RSM and was used in the diets of laying hens.

The experiment was conducted on Hy-Line and ISA Brown laying hens, 175
hens of each strain, divided into 7 groups of 25 hens. The birds were kept in indi-
vidual cages from 26 weeks of age for a 9-month laying period.

The hens were fed isoprotein and isocaloric diets containing 16.7% crude pro-
tein and 11.4 MJ EM/kg (Table 1). The control feed contained 15% soyabean-
meal and 14% wheat bran. In the experimental groups, 45, 60 or 100% of the prote-
in from the soyabean meal and wheat bran was replaced by R-RSM or S-RSM pro-
tein. During the experimental period, at the age of 40 and 58 weeks daily feed con-
sumption was measured over four consecutive days, individually for each hen.

On weeks 30, 38, 46, 54 and 62 of life the quality of eggs and egg shells was es-
timated in 15 eggs from each group, if possible from the same birds. A total of 1050
eggs was examined. The eggs were weighted, their specific gravity was measured by
submerging in NaCl solutions, and breaking strength (on the long axis), weight of yolk,
and dry shell and shell thickness (at three points) were assessed according to the me-
thods described by Kaminska et al. (1996). Mean shell thickness and percentage of
shell and yolk in egg were calculated. Twice during the experiment the odour of eggs
sampled from all of the hens was assessed by a four-member panel.
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TABELA 1
Composition of diet, g/kg
1

Group control 2 3 4 5 6 7
Wheat 359 380 390 372 371 394 388
Wheat bran 140 100 80 70 120 90 80
Soyabean meal (46% CP) 150 70 50 - 70 50 -
R-RSM! - 90 120 190 - - -
S-RSM? - - - - 80 110 170
Meat meal (60% CP) 25 35 35 40 32 31 32
Fat 30 30 30 35 32 30 35
Constant components® 296 295 295 293 295 295 295
Calculated

EM MJ/kg 11.38 1142 1143 1145 1142 1144 1148

CP 167.5 166.6 1663 167.6 1662 166.5 165.6

lys 7.5 7.2 7.2 7.2 7.3 7.4 7.4

met + cys 59 6.4 6.6 7.1 6.3 6.5 6.8

crude fibre 373 43.7 45.8 52.2 40.4 41.1 441

Ca 31.6 32.1 322 32.1 31.9 31.9 322

P available 32 3.5 3.5 3.5 3.5 34 3.5

'R-RSM - regular rapeseed meal

2 S-RSM - separated fraction of R-RSM containing more crude protein and less crude fibre

3 suppling per kg diet: maize 200, meat-and-bone meal 10, dicalcium phosphate 4, limestone 73
(except of group 1-74 and group 4-71), NaCl 3, and mineral-vitamin premix 5

The chemical composition of feeds was determined using standard methods
(AOAC, 1990), the amino acid content, with the exception of tryptophan, was de-
termined using a Carlo Erba automatic analyzer. Sulphur-containing amino acids
were oxidized before hydrolysis. The glucosinolate content was analyzed by HPLC
according to the ISO-9167 method (1991).

The results were subjected to 3-way ANOVA (GLM) analysis (SAS Institu-
te, 1985).

RESULTS

S-RSM accounted for 35% of the R-RSM taken for fractionation. It contained
11% more protein and 14% less crude fibre than R-RSM (Table 2). Total gluco-
sinolates equaled 9.97 uM/g of fat-free OM of R-RSM, and increased to 11.82
1M/g in S-RSM.

In S-RSM protein the percentage of methionine and cystine was lower than in
R-RSM protein (Table 3). The crude fibre content equaled 3.7% in the control diet
and from 4.0 to 5.2% in the experimental diets (Table 1).
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TABELA 2
Chemical composition of soyabean meal and rapeseed meals, g’lkg DM
GLS!
Dry Crude Ether Crude N-free uM/g
Meal matter Ash protein extract fibre extractives deffated
DM
Soyabean meal 879 70 512 20 113 285 -
Rapeseed meal 887 77 398 30 157 338 9.97
Separated rapeseed meal 891 81 441 23 135 319 11.82
IGLS - glucosinolates
TABELA 3
Amino acid composition of rapeseed meal and its fine faction, g/16g N
Amino acid R-RSM S-RSM
Lys 5.60 544
Met 2.85 1.88
Cys 3.57 2.64
Tre 4.98 4.92
Val 4.92 5.02
Arg 6.19 5.74
Gly 5.38 5.45
Ser 4.77 4.73
His 277 3.83
Ileu 3.73 3.84
Leu 7.45 7.39
Phe 4.24 5.56
Tyr 2.63 3.93

At the beginning of the experiment the average weight of the ISA Brown hens
was 1.54 kg, at the end 1.74 kg; it was on average 140 and 240 g less, respective-
ly, than the Hy-Line birds. The weight of the hens within each line was uniform;
there were no significant differences between groups. The average daily feed inta-
ke of ISA Brown hens was 113 g and Hy-Line 120 g.

It was found that there was a highly significant difference in the average lay-
ing rate between Hy-Line (88%) and ISA Brown (91.9%) hens (Table 4), as well
as in the weight of eggs, which was higher in Hy-Line (60.7 g) than in ISA Brown
(59.9 g). The general weight of the eggs laid over 9 months was, however, higher
in ISA Brown hens and equaled on average 15.1 kg per hen, whereas in Hy-Line
hens 14.7 kg.

No significant differences were found in the laying rate resulting from substitu-
ting soyabean meal with rapeseed meal, even when the soyabean meal was com-
pletely replaced (group 4). Highly significant differences were found, however, in
egg weight depending on the amount of rapeseed meal in the diet; as the amount
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of rapeseed meal increased, egg weight decreased (Table 4). Introducing fraction
S-RSM with a higher protein content and somewhat higher level of glucosinolates
caused a slight, although significant (P<0.05), reduction in egg weight in compa-
rison with the R-RSM diet (60.2 vs 60.4 g).

A significant difference (P<0.01) was found in the specific gravity of eggs, egg
yolk and egg shell percentage, egg weight and shell thickness only between lines
of hens (Table 4). Increasing the amount of rapeseed meal in the diet did not affect
the egg yolk percentage or egg shell quality (Table 4). The type of rapeseed meal
also had no effect on any of the studied traits of the eggs.

It was found that 6 of the Hy-Line hens in groups 3-6 and 13 ISA Brown hens,
2 - 3 in each group with the exception of the group 4, laid eggs with an unpleasant
fishy odour. No such eggs were found in control group.

DISCUSSION

The fine fraction of rapeseed meal making up 35% of R-RSM contained 44%
protein and 13.5% crude fibre in dry matter (Table 2). By sieving rapeseed meal
through a 0.3 mm mesh sieve Korniewicz et al. (1999) obtained a fraction that
made up 30% of the material and contained 42% protein and 9% crude fibre in dry
matter. Similarly as of experiment of Kaminska et al. (2000), the protein in S-RSM
contained less methionine and cystine than the R-RSM.

In both experiments the total glucosinolate content (GLS) was higher in S-RSM
than in R-RSM. This (limits of GLS) amount was however, much lower than limits
of GLS in rapeseed meals, which equals 20 uM/g dry matter. Also Korniewicz et
al. (1999) found that the coarse fraction contained 35% less isothiocyanates than
the fine fraction of rapeseed meal.

The use of such even high amounts of rapeseed meal as 17 and 19% of diets
did not reduce the laying rate of hens in either of the lines. The average egg weight
did, however, decline; in Hy-Line hens from 61.8 g in the control group to 59.3 g
and to 59.8 g (when soyabean meal was totally replaced by R-RSM and S-RSM),
whereas in ISA Brown hens, from 60.5 g in the control group to 57.9 and 58.7 g.

Smulikowska and Buraczewski (1991) reported, that feeding White Leghorn
hens with diets containing 10 or 16% rapeseed meal did not affect the laying rate,
but did lower the average weight of eggs from 62.3 g in the control group to 61.1-
61.6 g. Elwinger and Saterby (1986) also reported a reduction in egg weight when
4.5, 9.0 and 14.5% canola meal was included into diets. Wetscherek et al. (1991)
found a reduction in the average weight of eggs in hens fed 10% canola meal, while
at the same time the number of damaged shells decreased by 0.4-0.5%.

In the current study the inclusion of small amounts of rapeseed meal into diet
caused a highly significant (P<0.01) reduction of egg weight in comparison with
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control group (60.7 vs 61.1 g). Egg yolk weight declined proportionally to the
weight of the whole egg, and the percentages of yolk, egg white and egg shell in
the egg were similar.

Niemiec et al. (2001) showed, that the inclusion of 8% 00 rapeseed in the diets
for 3 meat lines of hens did not cause statistically significant differences in the
number of eggs laid or in their weight. Only in Astra W hens, which had higher
feed intake and somewhat lower laying rate, reduction in the percentage of egg
yolk in the egg weight was significant (P<0.05).

Rutkowski et al. (1989) reported that the odour of eggs from Astra S hens
fed diets containing 19% 00 rapeseed meal deteriorated. However hens were not
considered individually and the results were presented as averages for the group.
Brettschneider et al. (1995) studied the level of trimethylamine (TMA) in the yolks
of'eggs from hens laying brown-shelled eggs depending on the share of heated rape
seeds in the diet (7.5-30%). At a 7.5% share of seeds in the diet, the TMA content
was low in comparison with the control group. The authors did not, however,
report the line studied and did not investigate the effect of the amount of TMA in
egg yolks on the odour of eggs. At a 15% rape seed in diet, the laying rate and egg
weight did not change.

Niemiec et al. (2001), evaluating the brown-shelled eggs laid by Astra S and
Messa 245 hens and white-shelled eggs laid by Astra W hens fed diets containing
8% 00 rape seeds, did not reported the occurrence of the nonspecific fishy odour.

In experiments in which eggs are randomly sampled for organoleptic evaluation,
it is not possible to determine the number of hens per flock with a genetic defect
hindering liver TMA metabolism.

In the presented study, the genetic defect manifested itself even at a relatively low
level of rapeseed meal in the diet. It was, however, a higher level than recommended
by Smulikowska (1992), who reccomended that the level of rapeseed meal in diets
for hens laying brown-shelled eggs may amount from 3 to 5%. In the feeding of
hens laying white eggs, the recommended levels are 10 and 15%, respectively,
because this genetic defect does not occur in hens laying white eggs.

In hens receiving 8-9% rapeseed meal, egg taint was found in 2-3 birds per
group. Not even one hen with this defect was found among ISA Brown hens fed
19% R-RSM or among Hy-Line hens fed 17% S-RSM. Overall, 7.4% of ISA Brown
and 3.4% of Hy-Line hens laid eggs with a fishy smell.

An increase in the protein content and reduction of crude fibre in mechanically
fractionated rapeseed meal was relatively low, and the use of S-RSM fraction in
diets did not give better results than regular rapeseed meal. It can therefore be
concluded that fractionation did not give the expected benefits.

Chibowska et al. (2000) found, moreover, that lowering the level of fibre and
increasing the share of protein in rapeseed meal by mechanical separation is a costly
and economically unjustified process. Rotkiewicz and Zadernowski (1997) believe
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that it would be more beneficial to remove the seed coat of rapeseed before oil is
pressed. This would allow not only increase in the nutritional value of the meal,
but also improve the quality of the oil.

CONCLUSIONS

Introducing rapeseed meal into the diets for laying hens lowers the weight of
eggs (P<0.01). In amounts up to 12% RSM in the feed, this reduction is small, but
at level of 17-19% the weight of eggs may decline by about 10%.

Neither the level of RSM nor its type (regular or separated) have an effect on
laying rate, percentage of yolk and shell in egg weight, or quality parameters of
the egg shell.

The use in diet the fine fraction of RSM with higher protein and lower crude fi-
bre level does not improve performance of laying hens.

Among ISA Brown hens there are over twice as many birds as among Hy-Line
that carry the genetic defect allowing trimethylamine to pass into eggs, giving them
an unpleasant fishy odour.
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STRESZCZENIE

Zastapienie Sruty sojowej Sruta rzepakowa ,,00” lub jej frakcja o wigkszej zawartoS$ci biatka
w zywieniu kur znoszacych jaja o brazowych skorupach

Kury Hy-Line i ISA Brown, po 175 niosek z kazdej linii, podzielono na 7 grup po 25, iod 26 tygo-
dnia zycia utrzymywano pojedynczo w klatkach przez 9 miesigcy nie$nosci. Nioski zywiono mieszan-
kami izobiatkowymi i izoenergetycznymi, zawierajacymi 16,7% biatka ogdlnego i 11,4 MJ/kg. W die-
tach doswiadczalnych 45, 60 lub 100% biatka $ruty sojowej zastapiono biatkiem $ruty rzepakowej stan-
dardowej lub frakcjonowanej, o zwigkszonej o 11% zawartosci biatka i o 14% obnizonej zawarto-
$ci wlokna surowego. Co 8 tygodni oceniano jako$¢ jaj i skorup, kazdorazowo na 15 jajach z gru-
py, dwukrotnie, w czasie trwania do§wiadczenia, badano zapach jaj od wszystkich kur. Zastosowa-
nie §ruty rzepakowej, zarowno standardowej jak i jej frakcji stanowiacej 35% materiatu wyjsciowe-
go, nie miatlo wptywu na tempo nie$nosci ani na cechy jakosci jaj i skorup. Wraz ze wzrostem za-
wartos$ci $ruty rzepakowej w diecie zmniejszata sig¢ jednak masa jaj (P<0,01). Wsréd kur otrzymuja-
cych w diecie $rutg rzepakowa 3,4% Hy-Line i 7,4% ISA Brown znosito jaja o rybim zapachu. Za-
warto$¢ Sruty rzepakowej w diecie i jej rodzaj nie mialy wptywu na wystgpowanie oraz intensyw-
no$¢ niespecyficznego zapachu w jajach.





