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Objective of the study was to compare the composition and nutritional value of a winter brown- (BRC) and three 
yellow-seeded (YRC) cold-pressed rapeseed cakes as the components of pigs’ diets, and to assess their effects on 
colonic bacterial fermentation and the relative weight of organs. In experiment 1, the standardised ileal digestibil-
ity (SID) of protein and amino acids (AA) of cakes was determined in 12 male cannulated pigs. Each diet was fed to 
six pigs during three seven-day periods. Ileal digesta was collected during the last three days of the period. In ex-
periment 2, five groups each containing six female pigs with initial body weights (BW) of 20 kg were fed on diets 
containing BRC, YRC, or soyabean oil meal (SBM) as the main protein source. The apparent total tract digestibility 
(ATTD) of nutrients and growth performance were measured untill 60 kg BW was reached, and short chain fatty 
acids (SCFA) concentrations in the colon, as well as the weight of the liver, kidney, heart, and thyroid, were record-
ed. The main differences between BRC and YRC were found in higher content of fat and protein, lower amounts 
of fibre and glucosinolates (Gls), and higher ATTD of fibre in YRC. Protein and AA SID, ATTD of nutrients, total SCFA 
colonic concentration, and growth performance did not significantly differ. The chemical composition of the three 
YRC was not uniform, the greatest differences were found among the amounts of Gls. The relative weights of the 
thyroid and heart were greater in pigs fed BRC than in YRC and SBM diets. Thyroid weight was positively correlated 
with dietary progoitrin, alkenyl Gls, and total Gls, whereas heart weight was positively correlated with progoitrin 
and alkenyl Gls. It was concluded that winter yellow-seeded rapeseed is a better raw material for cold-pressing than 
brown-seeded due to having lower Gls and fibre content.  
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Introduction

The yellow-seeded double-low winter rapeseed line is developed and evaluated in Poland (Bartkowiak-Broda et 
al. 2011), whereas in Canada selection is directed towards the yellow-seeded spring rapeseed of the canola-va-
riety. Composition of the brown- and yellow-seeded rapeseed is different. Yellow-seeded rapeseed has thinner 
hulls; contains less crude fibres, fibre fractions (particularly acid detergent fibre [ADF], neutral detergent fibre 
[NDF] and acid detergent lignin [ADL]), polyphenols, and glucosinolates (Gls); and more protein, oil, and sucrose 
than brown-seeded rapeseed (Simbaya et al. 1995, Smulikowska et al. 1998, Boros et al. 2011a, Slominski et al. 
2012, Mejicanos et al. 2016). Oilseed meals and cakes produced from the yellow-seeded rapeseed have a higher 
nutritional value for broilers (Smulikowska et al. 1998, Slominski et al. 1999, Czerwinski et al. 2012) and rats  
(Smulikowska et al. 1998) than those made from brown-seeded rapeseed. However, data on the nutritional value 
of yellow-seeded winter rapeseed for pigs is lacking. 

Different content and composition of fibre in brown- and yellow-seeded rapeseed may induce different microbial 
activities in the hind gut. Feeding meal from yellow-seeded rapeseed to turkeys led to significantly lower short 
chain fatty acids (SCFA) concentrations in caecal digesta than did feeding brown-seeded rapeseed meal (Zdunczyk 
et al. 2011), whereas feeding yellow-seeded rapeseed cakes (YRC) to chickens had inconsistent effects on this  
parameter (Czerwinski et al. 2012). Microbial fermentation affects gut health, total tract digestibility of nutrients, 
and nitrogen excretion patterns in monogastric animals. Microbial fermentation is more intensive in pigs than in 
poultry. Therefore, it is important not only to extend our knowledge on the nutritional value of YRC for pigs, but 
also to examine its effect on the activity of microflora in the large intestine.

Solvent extraction is the most commonly used method of oil separation from rapeseed. Pressing is used as an  
alternative industrial technology as it is considered as potentially more cost effective, pollution free, and safer 
than solvent extraction (Nyström et al. 1996). Small-scale oil factories producing press-cake are also currently be-
ing developed, and promoted as contributing to the sustainable agriculture. 
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Rapeseed cake is a valuable high-energy feed, but it contains large amounts of residual Gls and induces greater 
enlargement of thyroid than solvent meal (Smulikowska et al. 1998). Yellow-seeded rapeseed may be considered 
a potentially safer raw material for cake production than brown-seeded rapeseed due to its lower contents of Gls.

The objective of the study was to assess both the nutritional value of YRC from three newly developed lines and 
to compare YRC with brown-seeded rapeseed cake (BRC) as the components of diets for young pigs. Assessment 
of the protein value of the rapeseed cakes comprised determination of their amino acid (AA) composition and 
standardised ileal digestibility (SID) of protein and AA. The apparent total tract digestibility (ATTD) of nutrients 
and fibre fractions were determined and the concentration of SCFA and pH of colon digesta were measured in 
pigs fed diets containing one of four different rapeseed cakes or soyabean oil meal (SBM). Growth performance 
and relative weights of organs, including the thyroid, were recorded.

Material and methods
Rapeseed cakes

Seeds of three lines of yellow-seeded 00 winter rapeseed (41, 36, and 22) and one brown-seeded rapeseed cul-
tivar (Bojan) were used. Yellow-seeded lines of rapeseeds have been developed via crosses of spontaneous mu-
tant having lighter coloured seeds (found in breeding materials) with segregating, spotted-seed-coat spring line 
(from earlier crosses of rapeseed [Brassica napus] with turnip rape [Brassica rapa]). The obtained lines have been  
improved with respect to quality features and selected only with stable expression of yellow-seededness. Bojan 
is a commercially available winter rapeseed Polish cultivar, an open pollinated 00 type (canola-type). The lines, 
as well as the cultivar Bojan, were grown in the field trials at the Experimental Station Łagiewniki (Poland), be-
longing to the Plant Breeding Company Smolice (Poland), in seasons 2008/2009 and 2009/2010. The seeds were 
cold-pressed at a local factory with the use of a small capacity screw press (Farmet Duo, Farmet a.s., Ceska Ska-
lice, Czech Republic). The temperature of the rapeseed cakes during pressing did not exceed 55 °C. The cakes were 
then expelled through a 10-mm sieve plate as pellets and ground before use in the diets.

Animals and experimental procedures
All procedures were approved by the Third Local Animal Care Committee in Warsaw (Poland). 

Experiment 1

Experiment 1 was performed on 12 male pigs (Polish Large White × Duroc, supplied by the Warsaw University of 
Life Sciences, Poland) having initial body weights (BW) of approximately 20 kg. Animals were housed individually 
in metabolism cages equipped with feeders and nipple drinkers in a temperature-controlled room (22–23 °C).  
After a six-day adaptation to the environmental conditions, pigs were surgically fitted with a post-valvular T-caecum 
cannula (PVTC) in accordance with the method of van Leeuwen et al. (1991). The ten-day recovery was followed 
by three seven-day periods of feeding the experimental diets. During each seven-day period, each diet was fed 
to two or three animals to achieve a total number of six animals per diet. The rapeseed cake diets contained 
wheat and one of four different rapeseed cakes. The control diet contained maize starch instead of rapeseed cake  
(Table 1). All diets were free of antibiotics and growth promoters. Before the mixing of diets, the fat content of 
the rapeseed cakes was standardised by the addition of oil pressed from the rapeseed. Diets were supplemented 
with crystalline AA to cover the requirements for essential AA according to NRC (1998), and chromium oxide was 
added as a marker. Pigs were fed twice daily at 0800 and 2000 h with equal portions of diets mixed with water in 
a 1:1 ratio. Animals had free access to water. The feeding level was adjusted to 2.7 times the maintenance require-
ment (NRC 1998) for metabolisable energy (ME) corresponding to about 90% of ad libitum intake. Feed allowances 
were changed weekly according to BW. During the last three days of each period, ileal digesta was collected in 
plastic bags for 12 h per day from 0800 to 2000 h (between meals). The bags were connected to the cannulas 
and were changed at least every hour. Collected digesta was immediately frozen at –20 °C. After completing the 
collections, the samples were thawed, and pooled per animal within each experimental period, freeze dried and 
ground (0.5 mm) before chemical analysis. The pigs were slaughtered at the end of the experiment after electrical 
stunning. After dissection, the pigs were examined to determine whether cannulation had caused any intestinal 
abnormalities. 
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Experiment 2

Experiment 2 was performed on 30 female pigs ([Polish Large White × Danish Landrace] × Duroc, supplied by 
Agro-Sokłów, Jagodne, Poland) having initial BW of approximately 20 kg. After seven-day of adaptation to the 
environmental conditions, the pigs were allocated to five groups (six pigs in each), taking BW, age, and litter into 
account. Animals were housed individually in pens with slatted floors equipped with feeders and nipple drinkers 
in a temperature-controlled room (22–23 °C). Pigs had free access to water. The control diet contained maize, 
wheat, barley, and SBM. The rapeseed cake diets contained one of the rapeseed cakes instead of the SBM portion 
of the control diet (Table 2). Diets were supplemented with crystalline AA (included in the premix) to cover the 
requirements for essential AA according to NRC (1998). The pigs were fed twice a day at 0800 and 1400 h with 
equal portions of the diets. Diets were provided in mash form. Pigs were fed at an 85% level of ad libitum intake 
and feed allowances were changed weekly according to BW. At approximately 45 kg BW, pigs were fed for eight 
days on diets with added chromium oxide (2 g kg-1 diet). After a four-day preliminary feeding period, freshly voided  
faeces were collected over four days at 0800 and 1500 h and were immediately frozen at –20 °C. At the end of the 
collection period, faeces were thawed, mixed, and subsampled for analysis. Pigs were fed experimental diets for 
approximately 54 days until about 60 kg of BW, at which time they were slaughtered after electrical stunning. The 
liver, kidneys, heart, and thyroid were excised from each pig and weighed. Digesta from the proximal and middle 
sections of the colon were collected immediately after slaughter for dry matter (DM), pH, and SCFA determina-
tion. Digesta for pH and SCFA determination were mixed with ultra pure water in a 1:2 ratio. The pH of digesta 
samples was then measured and adjusted to 8.0 with 1M NaOH, afterwards the samples were centrifuged and 
the supernatants stored at –20 °C untill analyses. 

YRC = yellow-seeded cake, BRC = brown-seeded cake; DM = dry matter; *rapeseed cakes were supplemented with oil pressed from the 
respective rapeseed; **premix provided per kg of diet: vitamin A – 15 000 IU, vitamin D3 – 2 000 IU, vitamin E – 60 mg, vitamin K – 3 mg, 
vitamin B1 – 1 mg, vitamin B2 – 4 mg, vitamin B3 - 20 mg, vitamin B5 – 15 mg, vitamin B6 – 3 mg, vitamin B7 – 0.25 mg, vitamin B12 – 0.02 
mg,  folic acid – 5 mg, choline – 150 mg, Mg – 150 mg, Mn – 50 mg, Zn – 150 mg, Se – 0.3 mg, Cu – 150 mg, Fe – 125 mg, Ca – 1.3 g; 

**analysed; ****calculated

Table 1. Composition of diets used in Experiment 1

Diet

YRC-41 YRC-36 YRC-22 BRC Control

Ingredients, g kg-1

     wheat 600.0 600.0 600.0 600.0 600.0

     rapeseed cake* 300.0 300.0 300.0 300.0

     maize starch 26.0 26.0 26.0 26.0 314.5

     sugar 50.0 50.0 50.0 50.0 50.0

     limestone 10.0 10.0 10.0 10.0 8.0

     monocalcium phosphate 1.0 1.0 1.0 1.0 14.0

     NaCl 2.5 2.5 2.5 2.5 3.0

     premix** 5.0 5.0 5.0 5.0 5.0

     L-lysine HCl (78%) 2.2 2.2 2.2 2.2 2.2

     L-threonine (98%) 0.3 0.3 0.3 0.3 0.3

     chromium oxide 3.0 3.0 3.0 3.0 3.0

Content***, g kg-1

     DM 907.4 904.6 905.7 899.4 889.6

     crude protein 178.8 175.5 180.0 182.5 91.9

     crude fat 97.1 102.1 100.6 74.4 10.7

     crude fibre 52.9 40.2 40.5 50.9 22.7

Glucosinolates****, µmol g-1

     progoitrin 0.15 0.36 0.42 1.17

     alkenyl glucosinolates 0.66 0.99 1.11 2.13

     total glucosinolates     2.37 2.76 2.79 3.38
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Chemical analyses

Dietary ingredients, diets, ileal digesta, and faeces were analysed for DM, nitrogen, crude fat, crude ash, crude fi-
bre, starch, and sugars using standard methods (AOAC 2011, No. of procedures: 934.01, 984.13, 920.39, 942.05, 
978.10, 920.40, and 974.06, respectively). The content of ADF, NDF, and ADL were determined in rapeseed cakes, 
diets, and faeces according to van Soest and Wine (1967) and van Soest (1973). Chromium content was deter-
mined in diets, ileal digesta, and faeces according to Kimura and Miller (1957). Amino acids except methionine, 
cysteine, and tryptophan were analysed in rapeseed cakes, diets, and ileal digesta with a Beckman high-pressure 
AA analyser (Beckman Instruments, Inc., Fulerton, CA, USA) using procedure No. 994.12 according to the AOAC 
(2011), except shorter hydrolysis (22 h) with HCl. The gross energy of rapeseed cakes and diets was measured on 
a Parr adiabatic oxygen bomb KL-10 calorimeter (Precyzja, Bydgoszcz, Poland) according to the ISO 9831 meth-
od (ISO 2003). The contents of Gls in rapeseed cakes were determined according to the ISO 9167-1 method (ISO 
1992) using a high-performance liquid chromatographer 1050 series apparatus (Hewlett Packard, San Fernando, 
CA). All measurements were performed in triplicates.

Digesta pH was measured with a WTW pH/340 pH-meter (WTW GmbH, Weilheim, Germany) and  SCFA were an-
alysed using a HP 5890 Series II gas chromatograph (Hewlett Packard, Waldbronn, Germany) with isocaproic acid 
as the internal standard as described by Barszcz et al. (2011). 

Calculations and statistical analysis

The SID of protein and AA was estimated from AID of protein and AA of the diets calculated from the chromium 
content in the diets and ileal digesta using the following formula:

AIDD – apparent ileal digestibility of protein/AA in the diet
CrD – chromium concentration in the diet
CrID – chromium concentration in the ileal digesta
CP/AAID – protein/AA concentration in the ileal digesta
CP/AAD - protein/AA concentration in the diet

YRC = yellow-seeded cake; BRC = brown-seeded cake; DM = dry matter ; *chromium oxide (2 g kg-1) were added to part of diets for 
determination of apparent total tract digestibility of nutrients and fibre fractions; **premix provided per kg of all diet: vitamin A – 5 
135 IU, vitamin D3 – 616 IU, vitamin E – 206 mg, vitamin K3 – 4.1 mg, vitamin B1 – 2 mg, vitamin B2 – 2 mg, vitamin B3 – 16 mg, vitamin 
B6 - 10 mg, vitamin B12 – 3 µg, NaCl – 3 g, Fe – 62 mg, Zn – 82 mg, Mn – 31 mg, Cu – 26 mg, J – 0.3 mg, Se – 0.2 mg, and per kg of 
control/YRC/BRC diets, respectively: Ca – 5.3/4.3/4.4 g, P – 4.2/0.2/0.3 g, Lys – 1.8/2.6/2.7 g, Met – 1.8/0.2/0.2 g, Thr – 0.7/0.7/0.9 
g, Trp – 0.06/0.09/0.13 g; ***analysed; ****calculated

Table 2. Composition of diets used in Experiment 2

Diet*

YRC-41 YRC-36 YRC-22 BRC Control

Ingredients, g kg-1

     barley 350 350 350 350 350

     wheat 200 200 200 190 220

     maize 134 145 144 139 159

     rapeseed cake 200 200 200 200

     soyabean oil meal 80 80 80 80 200

     rapeseed oil 11 1 16 46

     premix** 25 25 25 25 25

Content***, g kg-1

     DM 876 874 877 880 872

     crude protein 174 174 179 182 182

     crude fat 78.9 77.1 76.4 89.5 45.3

     crude fibre 49.2 50.3 51.2 53.4 35.5

Glucosinolates****, µmol g-1

     progoitrin 0.10 0.24 0.28 0.78

     alkenyl glucosinolates 0.44 0.66 0.74 1.42

     total glucosinolates  1.58 1.84 1.86 2.25

AIDD (%) = 100 – 
CrD(%) × CP/AAID (%)
CP/AAD (%) × CrID (%)  × 100 
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Additionally, the mean values of AID of protein and AA in the diets were further used for calculation of the AID of 
protein and AA of rapeseed cakes by the difference method using the following formula:

AIDRC – apparent ileal digestibility of protein/AA of rapeseed cake
AIDRCD – apparent ileal digestibility of protein/AA of the rapeseed cake diet
AIDW – apparent ileal digestibility of protein/AA of wheat
CP/AAW – contribution level of protein/AA in rapeseed cake diet originating from wheat
CP/AARC – contribution level of protein/AA in rapeseed cake diet originating from rapeseed cake

The SID of protein and AA were estimated from the AID of protein and AA using tabulated values of basal endog-
enous AA losses (Jansman et al., 2002) according to the following formula:

SIDRC – standardized ileal digestibility of protein/AA in rapeseed cake
AIDRC – apparent ileal digestibility of protein in rapeseed cake
bEPL/bEAAL – basal endogenous protein/AA losses 
CP/AARC – content of CP/AA in rapeseed cake

The calculation of ATTD of nutrients and fibre fractions in the diets was based on the chromium content in diets 
and faeces using the following formula:

ATTDD – apparent total tract digestibility of nutrients/fibre fractions in the diet
CrD – chromium concentration in the diet
CrF – chromium concentration in the faeces
ND – nutrient/fibre fractions concentration in the diet
NF – nutrient/fibre fractions concentration in the faeces

The ME of diets was calculated based on the content of digestible nutrients using the following formula according 
 to GfE (2008):

ME (MJ kg-1 DM) = 0.0205 x dP (g kg-1 DM) + 0.0398 dF (g kg-1 DM) + 0.0173 x St (g kg-1 DM) + 0.0160 x Su (g kg-1 
DM) + 0.0147 x (dOM – dP – dF – St – Su) (g kg-1 DM)
 
dOM – digestible organic matter
dP – digestible protein
dF – digestible fat
St – starch
Su – sugar

The results were subjected to one-way analysis of variance (ANOVA) using the GLM procedure of STATISTICA 10 
software (StatSoft 2011). Differences among rapeseed cakes in terms of SID of protein and AA were evaluated 
using contrasts: BRC vs. YRC, YRC-41 vs. YRC-36, YRC-41 vs. YRC-22, and YRC-36 vs. YRC-22. For results of Exper-
iment 2, contrasts were additionally evaluated for control vs. BRC and control vs. YRC. The effects of animal and 
period were included into the statistical analysis of results of Experiment 1. Pearson’s correlation coefficients of 
linear regression were calculated between the content of Gls (progoitrin, alkenyl Gls, and total Gls) in the diets 
and the relative weights of the heart and thyroid. The results were expressed as the mean of six pigs. Differences 
were considered significant at p ≤ 0.05.

AIDRC (%) =
AIDRCD (%) - AIDW (%) × CP/AAW (%)

CP/AARC (%)

SIDRC (%) = AIDRC (%) + 
bEPL/bEAAL (g kg-1DMI)

CP/AARC (g kg-1DM)
 × 100 

ATTDD (%) = 100 – 
CrD(%) × NF (%)
ND(%) × CrF (%)  × 100 
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Results
Composition of the rapeseed cakes

The chemical composition of YRC and BRC are shown in Table 3. YRC contained less crude protein, crude fibre, 
and fibre fractions, whereas it contained more crude fat and GE than BRC. The composition of the three YRC lines 
was not uniform, but differences among the cakes were small. 

Amino acid composition of the three YRC lines and BRC protein was similar except for higher lysine content in BRC 
than in YRC (Table 3). Among the YRC lines, the YRC-41 contained slightly less several AA than the others.

The amounts of progoitrin, alkenyl, and total Gls were greater in BRC than in YRC (Table 3). The greatest difference 
both found between YRC and BRC and within the three YRC lines was for progoitrin, which was the lowest in YRC-41.

Ileal digestibility of protein and AA of the rapeseed cakes (Experiment 1)

The SID of protein and all analysed AA did not differ between BRC and the three YRC lines (Table 4), whereas  
significant differences among the YRC lines were found for protein and several AA. 

YRC = yellow-seeded cake; BRC = brown-seeded cake; DM = dry matter; ADF = acid detergent fibre; NDF = neutral detergent fibre; ADL = 
acid detergent lignin; GE = gross energy

Table 3. Composition of yellow- and brown-seeded rapeseed cakes

Rapeseed cake

YRC-41 YRC-36 YRC-22 BRC SEM

Chemical composition, g kg-1 DM

     DM, g kg-1 901 907 913 890 0.9

     crude protein 307 311 317 334 1.4

     crude fat 255 273 269 190 0.4

     crude ash 63.2 58.6 57.9 59.9 0.51

     crude fibre 71.4 75.9 81.0 102.8 0.76

     ADF 90.4 96.4 91.8 154.5 1.43

     NDF 169.6 182.9 173.0 194.0 2.53

     ADL 17.7 28.3 24.7 70.9 0.98

     GE, MJ kg-1 DM 25.0 25.5 25.6 24.0 0.10

Total amino acids, g 16g-1 N

     lysine 5.53 5.55 5.67 5.93 0.111

     threonine 4.01 4.04 3.97 4.08 0.071

     isoleucine 3.58 3.60 3.76 3.84 0.069

     arginine 5.37 5.53 5.68 5.72 0.076

     histidine 2.47 2.52 2.71 2.65 0.030

     leucine 6.62 6.93 6.94 6.96 0.057

     phenylalanine 3.78 3.85 3.87 3.92 0.081

     valine 4.62 4.70 4.96 4.90 0.065

Glucosinolates, µmol g-1 DM

     progoitrin 0.55 1.32 1.53 4.38

     alkenyl glucosinolates 2.43 3.63 4.05 7.97

     total glucosinolates     8.75 10.13 10.18 12.57
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The SID of protein was lower in the YRC-41 than in YRC-22 (p ≤ 0.05). The SID of isoleucine and leucine were lower 
in the YRC-41 than in YRC-36 and YRC-22 (p ≤ 0.01), while the SID of lysine was higher (p ≤ 0.05) in YRC-22 than in 
YRC-36 and YRC-41. The SID of Phe differed (p ≤ 0.05) among three YRC lines. In general, the SID of almost all AA 
was lowest in YRC-41 and the highest in YRC-22.

Apparent total tract digestibility of nutrients and energy value of diets containing rapeseed cakes or 
soyabean oil meal (Experiment 2)

The ATTD of protein and starch did not differ between rapeseed cake and control diets or among diets containing 
different cakes (Table 5). Differences between YRC and BRC diets was only found for the ATTD of fibre and fibre 
fractions, since ATTD of crude fibre and fibre fractions were higher (p ≤ 0.01) in YRC than in BRC diet. The ATTD 
of ash and NDF were lower (p ≤ 0.05) in the YRC-41 diet than in the YRC-36 diet and than in the other two YRC 
diets, respectively. The ATTD of fat was lower (p ≤ 0.05) in YRC-22, whereas ATTD of ADL was lower (p ≤ 0.05) in 
YRC-36 than in the other two YRC diets. The ATTD of organic matter and ash was lower (p ≤ 0.01) in all rapeseed 
cake diets than in the control diet. The ATTD of fibre, ADF, and NDF were lower (p ≤ 0.01) in the YRC diets than 
in the control diet, whereas ATTD of ADL was lower (p ≤ 0.01) in the BRC than in the control diet. In general, the 
inclusion of both YRC and BRC into the control diet depressed ATTD of organic matter and ash, BRC additionally 
depressed ATTD of ADL, whereas YRC decreased ATTD of fibre, ADF, and NDF. 

 

 

YRC = yellow-seeded cake; BRC = brown-seeded cake; ADF = acid detergent fibre; NDF = neutral detergent fibre; ADL = acid detergent lignin; 
ME = metabolisable energy

Table 5. Apparent total tract digestibility of nutrients and fibre fractions (%) and metabolisable energy content (ME, MJ kg-1) in diets 
containing rapeseed cake or the control diet containing soyabean oil meal (Experiment 2)

Diet Contrast (p-value)

YRC-41 YRC-36 YRC-22 BRC Control SEM
YRC 
vs 

BRC

YRC-41
vs

YRC-36

YRC-41
vs

YRC-22

YRC-36 
vs

YRC-22

Control 
vs

YRC

Control 
vs

BRC

Apparent total tract digestibility, %

organic matter 84.8 85.4 84.2 84.7 86.4 0.35 0.711 0.186 0.237 0.022 0.003 0.005

protein 77.4 79.3 77.5 78.8 78.6 1.00 0.515 0.204 0.957 0.222 0.667 0.895

fat 64.6 67.9 60.1 65.5 63.7 1.24 0.385 0.075 0.019 0.001 0.714 0.337

ash 43.0 46.0 44.3 45.3 50.6 0.76 0.347 0.012 0.210 0.141 0.001 0.001

starch 97.9 98.1 98.0 98.1 98.2 0.17 0.550 0.601 0.833 0.753 0.384 0.770

fibre 54.3 52.7 56.3 46.7 43.0 1.94 0.003 0.546 0.467 0.194 0.001 0.219

ADF 57.9 58.4 60.0 45.9 50.0 1.53 0.001 0.832 0.331 0.442 0.001 0.095

NDF 66.9 71.3 71.9 54.9 58.5 1.31 0.001 0.030 0.015 0.734 0.001 0.087

ADL 41.9 30.4 49.3 24.0 41.2 3.26 0.001 0.023 0.120 0.001 0.867 0.003

ME, MJ kg-1 13.9 14.1 13.8 14.2 13.6 0.07 0.001 0.072 0.399 0.014 0.009 0.001

Table 4. Standardised ileal digestibility  of protein and amino acid (%) in rapeseed cakes (Experiment 1)

Rapeseed cake Contrast (p-value) 

YRC-41 YRC-36 YRC-22 BRC SEM YRC vs BRC YRC-41 vs 
YRC-36

YRC-41 vs 
YRC-22

YRC-36 vs 
YRC-22

Protein 73.1 74.9 76.0 73.0 0.99 0.175 0.166 0.036 0.377

Lysine 80.1 82.0 85.4 80.3 1.15 0.087 0.304 0.004 0.028

Threonine 77.9 78.4 75.8 75.9 1.19 0.359 0.592 0.230 0.082

Isoleucine 67.5 71.7 72.9 69.3 1.02 0.262 0.004 0.001 0.371

Arginine 83.7 84.5 88.1 83.2 1.71 0.223 0.819 0.099 0.132

Histidine 87.6 89.7 91.2 89.4 1.27 0.974 0.281 0.076 0.414

Leucine 69.5 74.7 75.1 72.6 1.08 0.902 0.001 0.001 0.797

Phenylalanine 67.7 74.4 77.6 73.0 1.26 0.913 0.001 0.001 0.031

Valine 70.7 73.3 73.7 72.4 1.10 0.948 0.080 0.053 0.780
YRC = yellow-seeded cake; BRC = brown-seeded cake
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Short-chain fatty acid content in colonic digesta (Experiment 2)

The pH and concentrations of SCFA in the digesta from the proximal and middle sections of the colon were 
not affected by the diet except for higher (p ≤ 0.05) concentrations of propionate in the digesta of the proxi-
mal colon of pigs fed the BRC diet compared to the YRC diets (Table 6). The content of DM was lower (p ≤ 0.05) 
in the digesta from the proximal colon of pigs fed the YRC-41 than the YRC-36 diet, and in the middle colon 
digesta of pigs fed the control diet compared to the YRC and BRC diets. Total SCFA concentration was great-
er and pH was lower in the proximal than in the middle colon. In both colon sections, the main SCFA were 
acetate (53–57% of total SCFA), propionate (25–29% of total SCFA), and butyrate (14–17% of total SCFA).  

 
Growth performance and organ weight (Experiment 2)

Neither of the growth performance parameters were affected by the diet (Table 7). In addition, the relative liver 
weight did not differ between the control and rapeseed cake or among the rapeseed cakes diets.

Table 6. Short-chain fatty acids concentration (µmol g-1), pH, and dry matter content (g kg-1) of colon digesta of pigs fed diets containing 
rapeseed cake or the control diet containing soyabean oil meal (Experiment 2)

Diet Contrast (p-value)

YRC-41 YRC-36 YRC-22 BRC Control SEM

YRC 
vs 

BRC

YRC-41 
vs

YRC-36

YRC-41 
vs

YRC-22

YRC-36 
vs

YRC-22

Control 
vs

YRC

Control 
vs

BRC

Proximal colon

Concentration, µmol g-1

        acetate 62.34 53.52 62.86 65.19 66.10 4.184 0.236 0.147 0.927 0.126 0.239 0.886

          propionate 31.08 28.14 29.38 35.00 33.90 2.096 0.027 0.329 0.552 0.677 0.120 0.730

        butyrate 16.60 16.38 16.70 18.56 16.80 1.457 0.226 0.915 0.959 0.877 0.901 0.428

        valerate 1.91 2.10 1.90 2.33 2.24 0.189 0.096 0.432 0.959 0.465 0.274 0.756

        total SCFA 114.5 103.3 113.6 123.9 122.1 6.49 0.072 0.232 0.921 0.269 0.179 0.847

pH 6.50 6.66 6.70 6.52 6.58 0.057 0.415 0.436 0.074 0.331 0.865 0.451

DM, g kg-1 149.3 177.4 165.8 172.2 157.0 7.27 0.332 0.012 0.104 0.268 0.449 0.177

Middle colon

Concentration, µmol g-1

        acetate 45.87 49.19 47.86 48.58 48.07 4.466 0.850 0.602 0.742 0.834 0.941 0.940

          propionate 20.81 23.19 21.88 22.52 21.91 2.191 0.819 0.447 0.719 0.673 0.985 0.854

        butyrate 14.22 15.27 14.23 14.92 14.50 1.251 0.804 0.555 0.996 0.559 0.968 0.828

        valerate 1.97 2.35 2.24 2.65 2.26 0.236 0.092 0.270 0.396 0.763 0.808 0.290

        total SCFA 87.5 94.7 91.6 94.4 92.2 8.27 0.729 0.536 0.715 0.785 0.927 0.860

pH 6.74 6.93 6.90 7.00 6.98 0.084 0.141 0.128 0.190 0.771 0.286 0.856

DM, g kg-1 228.5 228.3 235.7 232.5 215.9 4.31 0.731 0.983 0.221 0.235 0.014 0.018
YRC = yellow-seeded cake; BRC = brown-seeded cake; SCFA = short chain fatty acids; DM = dry matter

Table 7. Performance parameters and organ weights in pigs fed diets containing rapeseed cake or the control diet containing 
soyabean oil meal (Experiment 2)

Diet Contrast (p-value)

YRC 
vs

BRC

YRC-41 
vs

YRC-36

YRC-41
vs

YRC-22

YRC-36
vs

YRC-22

Control 
vs

YRC

Control 
vs

BRC
Growth 
performance YRC-41 YRC-36 YRC-22 BRC Control SEM

     initial BW, kg 20.3 20.3 20.2 20.4 20.0 0.13 0.363 0.917 0.467 0.426 0.145 0.060

     final BW, kg 61.5 59.8 58.9 60.7 56.9 1.28 0.625 0.346 0.139 0.623 0.069 0.057

     ADG, g day-1 725 756 719 716 734 23.4 0.520 0.352 0.845 0.267 0.985 0.623

     FCR, kgfi kg-1 2.68 2.50 2.67 2.72 2.56 0.107 0.378 0.255 0.927 0.291 0.708 0.333

Organ weight, g kg-1 BW

     liver 23.2 23.4 23.0 25.0 22.1 0.10 0.126 0.912 0.842 0.764 0.428 0.075

     kidneys 5.3 4.7 5.3 5.0 4.7 0.02 0.577 0.055 0.888 0.042 0.157 0.407

     heart 5.1 4.9 5.3 5.7 4.9 0.02 0.021 0.575 0.489 0.228 0.537 0.027

    thyroids, mg           
100 g-1 BW

10.25 9.65 10.19 12.29 7.81 0.878 0.029 0.635 0.962 0.667 0.062 0.003

YRC = yellow-seeded cake; BRC = brown-seeded cake; ADG = average daily gain; FCR = feed conversion ratio; kgfi = kg of feed intake; kgg = kg 
of daily gain; Means in row with different superscripts differ at p ≤ 0.05 (a,b)
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The relative weights of the thyroid and heart were significantly greater (p ≤ 0.01) in pigs fed a BRC diet in com-
parison with the YRC and control diets. The relative weight of the kidney was lower (p ≤ 0.05) in the pigs fed the 
YRC-36 than the YRC-22 diet.

The relative weight of the thyroid was positively correlated with dietary progoitrin, alkenyl Gls, and total Gls con-
tents (p ≤ 0.01), whereas heart weight was positively correlated with progoitrin and alkenyl Gls (p ≤ 0.01 and p ≤ 
0.05, respectively) (Table 8).

Table 8. Relationship between the content of glucosinolates in diets (µmol g-1) and the relative weight of thyroid and heart (g kg-1 
BW) in pigs fed diets containing rapeseed cake or the control diet containing soyabean oil meal (Experiment 2, n = 30)

Organ weight, g kg-1 BW Glucosinolates content, µmol g-1 r p

thyroid progoitrin 0.534 0.004

thyroid alkenyl glucosinolates 0.565 0.002

thyroid total glucosinolates 0.521 0.005

heart progoitrin 0.494 0.009

heart alkenyl glucosinolates 0.481 0.011

heart total glucosinolates 0.341 0.082

Discussion

The main differences between the composition of yellow and brown seeds of Brassica genotypes are a thinner and 
more translucent seed coat, higher oil and protein, and lower fibre contents, in the yellow seeds. Yellow-seeded 
rapeseed also contains less proanthocyanidins and tannins that cause lower digestibility of nutrients (Rahman 
and McVetty 2011). The potentially higher nutritional value of oil meal or cake made from yellow-seeded rape-
seed is therefore hypothesised, but has not been unequivocally confirmed (Smulikowska et al. 1998, Boros et 
al. 2011b, Czerwinski et al. 2012, Khajali and Slominski 2012). The results of the present study on the composi-
tion of cakes from winter yellow- and brown-seeded rapeseeds are in agreement with findings of other authors  
comparing different botanical forms of rapeseed (Rahman and McVetty 2011) and winter rapeseed lines (Boros et 
al. 2011a). These authors reported that in yellow seeds the content of lignin is lower, whereas in meals prepared 
from these seeds the contents of protein and fat is higher than in meals made from brown seeds. The higher fat 
content found in YRC than in BRC in the present study might be the consequence of poorer efficiency of pressing 
oil from yellow seeds with lower lignin content, which distorts to some extent the inherent differences between 
the two rapeseed types. When chemical composition of the cakes is recalculated on a fat-free DM basis, the con-
tent of crude fibre, ADF, and ADL are still considerably lower in YRC than in BRC, whereas content of NDF is similar.

High fibre content in rapeseed oil meal is an important factor reducing energy and protein utilisation in monogas-
tric animals (Khajali and Slominski 2012, Mejicanos et al. 2016). Since the yellow-seeded rapeseeds contain less 
fibre than the brown varieties, a higher nutritional value of YRC than of BRC was assumed. However, contrary to 
this expectation, the SID of protein and AA found in our study did not differ between the two types of cakes. This 
result contrasts with that of Slominski et al. (2011), who found that the ileal digestibility of total and several AA 
in broilers was higher in yellow than in brown-seeded canola. Moreover, in our recent study, small but signifi-
cant differences of protein and AA SID values were found among the three different YRC lines. In this group, the 
lowest SID values of protein and all analysed AA were recorded in YRC-41, which also had the lowest amounts of 
crude fibre and fibre fractions. These results show that the general assumption of a negative relationship between  
fibre content and protein digestibility of rapeseed oil meal may not be valid in the case of cold-pressed rapeseed 
cakes and may indicate that some other minor components not analysed in our study, and not directly related to 
the seed colour, are involved.

The SID values of lysine, threonine, and several other essential AA in all rapeseed cakes were higher than the  
respective values for rapeseed meals published in INRA Tables (Sauvant et al. 2004). The superiority of cake di-
gestibility can be explained by the absence of heat treatment, which leads to an increase in protein bound to NDF 
and negatively affects the ileal digestibility of protein and AA in canola and rapeseed meals (Buraczewska 2001). 
The SID values of lysine, threonine, and histidine of all winter rapeseed cakes under study were higher, where-
as those of protein, isoleucine, and phenylalanine lower than respective mean values of canola expeller meal  
according to NRC (2012).

r = correlation coefficient
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In the present study, ATTD of protein did not differ between diets containing rapeseed cakes and the control diet 
containing SBM, or among rapeseed cake diets themselves. Similar results were reported by Smulikowska et al. 
(1998), who found that the total tract digestibility of protein in rapeseed cakes for rats was not affected by the type 
of rapeseed used, whereas in heat-treated meals it was higher in yellow than brown rapeseed meal. Moreover, 
in chicken, the protein digestibility of the same BRC and YRC as those used in our study did not differ (Czerwinski 
et al. 2012).

The only significant and considerable differences between ATTD of diets containing BRC and YRC concerned crude 
fibre and all analysed fibre fractions. The ATTD values of these components in BRC diets were lower than those in 
all YRC diets, but significant differences were also found within the three YRC diets. The relative differences were 
the greatest for ADL, which was the least digested in both the BRC and YRC-36 diets. Since digestion of fibre takes 
place in the large intestine due to the activity of microflora and is affected by physical characteristics and com-
position of fibre, the differences in the production of SCFA as the end-products of microbial fermentation in the  
colon could be expected. However, measurements of the SCFA concentration in colonic digesta did not fully con-
firm this assumption, since only propionate concentration was higher in the pigs fed on BRC diets in comparison 
to YRC diets, but only in the proximal colon. The apparent discrepancy between different ATTDs (as the final effect 
of fibre digestion) and uniform colonic concentration of SCFAs (as its metabolites) may be explained by different 
rates of fibre fractions fermentation and absorption of fatty acids, which were not determined in our study. Our 
results in pigs are partly conform to the results of Czerwinski et al. (2012), who evaluated the same rapeseed cakes 
in chickens and in one experiment found higher caecal propionate concentration in birds fed the BRC than the YRC 
diets. The effect of rapeseed on SCFA found in chickens in two different experiments were, however, inconsistent. 

The content of Gls is an important parameter of the nutritional value of rapeseed products, since their degrada-
tion products have many adverse effects on growth performance, mainly due to impairment of thyroid and liver 
functions (Campbell and Schöne 1998, Tripathi and Mishra 2007, Schöne et al. 2011). The dietary levels of Gls are 
commonly expressed as their total concentration, but according to Campbell and Schöne (1998) the compound re-
sponsible for major antinutritive effects of rapeseed is progoitrin. In the present study, the differences in progoitrin 
concentration between BRC and YRC and among YRC lines were greater than for total Gls; concentration was par-
ticularly low in YRC-41. It may therefore be concluded that the yellow-seeded rapeseed is a better raw material 
for the cold-pressing of cake than the brown variety, but that variability among different lines should be taken into 
account. The highest total Gls content of 12.57 µmol g-1 DM found in BRC was lower than the mean concentration 
of 19.0 µmol g-1 DM found in 23 rapeseed cakes sampled in 10 oil mills in France (Schöne et al. 2011). In our study, 
the concentration of total Gls in diets containing 200 g of rapeseed cake per kg varied from 1.58 µmol g-1 DM in 
YRC-41 diet to 2.25 µmol in BRC diet, the latter value being slightly higher than the 2 µmol g-1 DM considered 
as the safe upper limit for growing pigs (Tripathi and Mishra 2007). All rapeseed cake diets were well accepted 
by pigs and did not induce deterioration of growth performance or hypertrophy of the liver, with the relative 
weights of thyroids only being greater in animals fed the BRC than the control diet. Different results were obtained 
in chickens fed diets containing the same rapeseed cakes, but at higher dietary levels (varying between 276 and 
304 g kg-1). In the study, the relative thyroid weights were almost twice greater in birds fed the BRC diet than all 
the YRC diets, whereas relative liver weights were greater in BRC than in YRC-41 chickens (Czerwinski et al. 2012).  

The apparent absence of deleterious effects of Gls in pigs can also be explained by the relatively short duration of 
the experiment, which comprised growth from 20 to 60 kg of BW. Nevertheless, in spite of the lack of significant 
treatment differences of organ weights, significant correlations between Gls (progoitrin, alkenyl Gls, and total Gls) 
contents and thyroid weights and between alkenyl Gls and progoitrin concentrations and relative heart weights, 
were found. Whereas the relationship of thyroid weight with dietary Gls content is in agreement with the well-
documented effects of Gls on this organ (Tripathi and Mishra 2007), the potential effect of Gls on heart weight 
has not been widely reported. The changes in organ weight are commonly considered an indication of modifica-
tion of their functions (Rubio et al. 1999), therefore the physiological explanation and consequences of this rela-
tionship deserve further study. 

Conclusion

The main advantage of cake produced from winter yellow- rather than brown-seeded rapeseed is its lower content 
of crude fibre, fibre fractions, and glucosinolates, particularly progoitrin. Yellow-seeded cold-pressed rapeseed 
cake can therefore be considered a better feed component, but the variability in the composition of the three 
yellow cakes under study indicates a lack of uniformity of the selected lines. The nutritional value of yellow-seeded 
rapeseed cake for pigs in terms of ileal digestibility of protein and amino acids, and growth performance is not 
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higher than that of brown cake; the most evident difference is the better digestibility of fibre and fibre fractions 
in the whole digestive tract for diets containing yellow-seeded rapeseed cakes. The relative weights of the thyroid 
and heart, but not the liver, appear to be positively correlated with the dietary content of progoitrin and alkenyl 
glucosinolates.    
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