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abstract
The experiment was performed on 60 crossbred weaners with average initial body weight (bw) of 
22 kg. The animals were divided into 4 groups, with 15 animals (10 males and 5 females) per group, 
based on the percentage content of the following components in complete diets: soybean meal, 
toasted full-fat soybeans, cold-pressed rapeseed cake with increased oil content, extruded rapeseed 
cake with increased oil content. The growth performance of pigs, carcass characteristics, meat 
quality and the fatty acid profile of depot fat were determined. The pigs fed complete diets con-
taining toasted soybeans had higher average daily gain (adg). The animals receiving cold-pressed 
rapeseed cake were characterised by lower adg and higher fcr. The carcasses of pigs fed diets 
containing cold-pressed rapeseed cake and extruded rapeseed cake had lower lean content than 
the carcasses of pigs administered toasted soybeans. The analysed feedstuffs had no effect on back-
fat thickness or meat quality. cold-pressed and extruded rapeseed cake contributed to changes in 
the fatty acid profile of backfat, including an increase in the concentrations of monounsaturated 
fatty acids (mufas) and a more desirable n-6/n-3 pufa ratio. The extrusion processing of rape-
seed cake decreased the content of lysine and methionine with cystine by approximately 4%, and 
reduced total glucosinolate content by approximately 17%. The inclusion of toasted soybeans in 
pig diets contributed to higher bw gain and carcass dressing percentage. rapeseed cake with in-
creased oil content led to desirable changes in the fatty acid profile of backfat.
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Soybean meal, one of the most popular vegetable protein sources in animal feeds, 
is characterised by a high content of essential amino acids and high apparent ileal 
digestibility of protein (Chen et al., 2010). However, soybeans cannot be used as 



P. Kaczmarek et al.1084

raw material for animal feed due to the presence of numerous antinutritional factors 
such as trypsin and chymotrypsin inhibitors, lectin and antigenic proteins (glycinin  
and ß-conglycinin). The antinutritional factors reduce nutrient digestibility and 
increase susceptibility to gastrointestinal disorders, particularly in piglets (Choct  
et al., 2010). The above antinutritional factors can be eliminated from soybeans  
during processing. The effectiveness of treatment is determined by heating tempera-
ture and time, the degree of fineness and moisture content of seeds (Nishinari et al., 
2014).

World soybean production is estimated at 320 million tons per year. As a re-
sult, soybean meal production exceeds 200 million tons per year (Stein et al., 2016). 
Soybean meal has a higher global market share than other by-products from the 
vegetable oil industry. A rise in soybean prices and consumer concerns about the use 
of transgenic plants and genetically modified soybeans in animal feed prompt pro-
ducers to search for alternative, cheaper sources of vegetable protein (Dzwonkowski 
and Bodyl, 2014; Rosiak, 2014). 

The by-products of rapeseed processing could provide a viable alternative. 
Rapeseed production volume worldwide is approximately 71 million tons, and rape-
seed meal production is estimated at 40 million tons (Stein et al., 2016). The use of 
rapeseed meal and rapeseed cake as protein sources in animal diets is on the rise 
in Poland. Due to the ban on GM animal feeds, rapeseed products can be consid-
ered as low-cost, locally available feed ingredients. The increasing popularity of 
rapeseed-based feeds can be attributed to the development of double-low varieties  
(with a reduced content of glucosinolates and erucic acid) and yellow-seeded variet-
ies (with low fiber content) of oilseed rape as well as the use of rapeseed for biodies-
el production (Brzóska et al., 2010; Stein et al., 2016). The chemical composition  
and nutritional value of rapeseed products vary depending on processing tech- 
nology. The content of protein and oil in rapeseed cake is 25–31% and 9–21%,  
respectively (Hanczakowska et al., 2012; Eklund et al., 2015). The biological  
value of rapeseed protein is comparable to that of soybean meal (Stein et al.,  
2016; Kargopoulos et al., 2018). However, genetic improvement, an increase 
in cultivation area and appropriate processing technologies are required to in- 
crease their inclusion levels in monogastric animal diets (Brzóska et al., 2010;  
Kaczmarek et al., 2016). Numerous studies have demonstrated the positive effects 
of partial replacement of soybean meal with rapeseed products in pig diets (Schöne 
et al., 2001; Hanczakowska and Świątkiewicz, 2014; Kargopoulos et al., 2018; Yun 
et al., 2018).

In view of the above, the following hypothesis was postulated: cold-pressed rape-
seed cake or extruded rapeseed cake with increased oil content can partially replace 
soybean meal in pig diets without compromising their performance and meat qual-
ity. The aim of this study was to compare performance and carcass characteristics 
in growing-finishing pigs fed control complete diets containing soybean meal and 
soybean oil, and experimental complete diets where soybean meal and soybean oil 
were replaced with toasted full-fat soybeans, cold-pressed rapeseed cake or extruded 
rapeseed cake with increased oil content.
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material and methods

The experimental materials comprised 60 crossbred (sows – Polish Large White 
× Polish Landrace) × (boars – Hampshire × Pietrain) weaners with average initial 
body weight (BW) of 22 kg. The animals were divided into 4 groups, with 15 ani-
mals (10 males and 5 females) per group, based on the percentage content of the 
following components in complete diets:

Group I – control, soybean meal and soybean oil;
Group II – experimental, toasted full-fat soybeans; soybeans were cleaned, 

ground and steam-toasted (temperature – up to 95°C, humidity – up to 20%);
Group III – experimental, toasted full-fat soybeans until day 26 of fattening, 

cold-pressed rapeseed cake with increased oil content (21%) on days 27–90 of fat-
tening. Rapeseed cake with oil content of around 10% was obtained by cold pressing 
of winter oilseed seeds with the use of screw presses. Several technological tests 
were carried out to increase the oil content of rapeseed cake to 21%;

Group IV – experimental, toasted full-fat soybeans until day 26 of fattening, 
extruded rapeseed cake with increased oil content (21%) on days 27–90 of fatten-
ing. Rapeseed cake with oil content of around 21% was subjected to dry extrusion 
for a short period of time (30 s; temperature at the outlet of the extrusion chamber – 
145°C, pressure – 30 atm).

During the experiment, pigs received 3 types of complete diets: starter – 1st stage 
of fattening (26 days), grower – 2nd stage of fattening (34 days), and finisher – 3rd 
stage of fattening (30 days). The animals were individually fed complete diets in 
mash form. Body weight gains were determined on an individual basis after 26, 60 
and 90 days of feeding. The levels of protein, amino acids, energy, minerals and 
vitamins in diets were consistent with the Polish edition of Nutrient Requirements 
for Swine (2015).

Pigs were individually fed complete diets in friable form, offered ad libitum, and 
the amount of feed was recorded in successive stages of the fattening period. Average 
daily gains, feed intake and feed consumption per kg of BW gain were monitored on 
an individual basis on days 26, 60 and 90. To control feed intake, the animals were 
kept in individual pens on slatted floor. Pigs had free access to water throughout the 
experiment.

Chemical analyses of complete diets were performed by standard methods 
(AOAC, 2005). The energy value of diets was calculated based on own analyses of 
feed components, and nutrient digestibility coefficients and formulas given in the 
Polish edition of Nutrient Requirements for Swine (2015) and CVB (2004). The fibre 
fraction was analysed using the Fibertec apparatus according to the method of Van 
Soest and Wine (1967) including acid detergent fibre (ADF) and neutral detergent 
fibre (NDF). The concentration of Ca in feed samples was determined by atomic 
absorption spectrophotometry (procedure 4.8.03; AOAC, 2005) and Pav levels were 
measured with a spectrophotometer at 650 nm (procedure 3.4.11; AOAC, 2005). 
The glucosinolate content of diets containing rapeseed cake and rapeseed products 
was determined by the glucose release method (Heaney et al., 1988). The percentage 
composition and nutritional value of diets are presented in Table 1.
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After 90 days of fattening, 48 pigs, 12 animals per group (8 males and 4 females) 
were slaughtered and carcass quality was evaluated. The following parameters were 
determined: carcass weight, carcass lean content (IM-03 pig carcass grading appara-
tus), backfat thickness – measured at 3 sites: shoulder, mid-back and loin (mean of five 
measurements), thickness of the gluteus medius muscle (GMP) – with the use of a cal-
liper, meat quality (pH1 and pH24, electrical conductivity after 24 h, water-holding ca-
pacity, colour lightness, the height and width of the loin eye), and thyroid gland weight.

The values of pH were measured 1 and 24 h post mortem in the longissimus 
dorsi (LD) muscle at the level of the last rib and in the biceps femoris (BF) muscle 
(Radiometer PHM 80 portable pH-meter with a combination electrode). Electrical 
conductivity (EC24) was measured in the above muscles 24 h after stunning, with 
the MP-03 meter. Samples of raw meat were collected to determine water-holding 
capacity – by the Grau and Hamm method (1952) modified by Pohja and Niinivaara 
(1957), natural drip loss and cooking loss (Baryłko-Pikielna, 1975), and colour, includ-
ing lightness L, redness a and yellowness b – with the Minolta CR 300 Chroma Meter.

Backfat samples were assayed for the concentrations of fatty acids by chromatog-
raphy, including saturated fatty acids (SFAs), monounsaturated fatty acids (MUFAs), 
n-3 and n-6 polyunsaturated fatty acids (PUFAs), hypercholesterolemic fatty acids 
(OFAs), neutral and hypocholesterolemic fatty acids (DFAs), in accordance with the 
criteria proposed by Barowicz et al. (2000), and Leskanich and Noble (1997).

The results were processed statistically by one-way analysis of variance (ANO-
VA). The significance of differences between groups was estimated by Duncan’s 
multiple range test using STATGRAPHICS v. 5.0 software. 

results

chemical analysis of soybean and rapeseed products
The proximate chemical composition of cold-pressed rapeseed cake and extruded 

rapeseed cake is shown in Table 2. Extrusion processing increased dry matter con-
tent from 92.16% to 94.31%. Extruded rapeseed cake contained approximately 29% 
crude protein, 21% fat and 10% crude fibre. An analysis of detergent fibre revealed 
that NDF and ADF accounted for approximately 20% and 16%, respectively. Extru-
sion undesirably decreased the concentrations of selected amino acids. Rapeseed 
cakes were characterised by lower levels of SFAs and PUFAs, and over two-fold 
higher concentrations of MUFAs. Extruded rapeseed cake had lower total glucosi-
nolate content (by approx. 17%).

growth performance
Pigs fed diets where soybean meal was replaced with toasted full-fat soybeans 

or extruded rapeseed cake had the highest final BW (P≤0.05) (Table 3). Group II 
animals that received diets containing 15% of toasted full-fat soybeans had the high-
est ADG (P≤0.05) and the lowest daily feed intake (P≤0.05). Pigs fed cold-pressed 
rapeseed cake had higher average FCR than the remaining animals (P≤0.01).
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Table 2. Nutrient content of soybean and rapeseed products 

Item Soybean 
meal

Toasted 
full-fat 

soybeans

Cold-pressed
rapeseed cake*

Extruded 
rapeseed cake**

Dry matter (%)
Crude protein (%)
Crude fat (%)
Crude fibre (%)
ADF (%)
NDF (%)
Lysine (g/kg)
Methionine+Cystine (g/kg)
Threonine (g/kg)
Tryptophan (g/kg)
Calcium (%)
Phosphorus (%)
Sodium (%)
SFAs (%)
MUFAs (%)
PUFAs (%)
Glucosinolates (µM/g non-fat DM)

89.98
46.40

1.70
3.20
5.10
9.30

30.80
12.40
17.70

6.10
0.29
0.65
0.03

–
–
–
–

90.68
35.32
20.39
4.91
6.00
9.70

22.20
10.30
13.70

4.90
0.22
0.48
0.01

16.60
23.90
59.50

–

92.16
28.57
21.20
9.75

15.85
19.53
17.10
12.40
12.50
3.90
0.67
0.94
0.01
8.80

61.90
29.20
16.90

94.31
29.39
21.70
10.06
16.85
21.31
16.50
11.90
12.80
4.00
0.67
0.94
0.01
8.00

62.90
29.00
14.00

*Group III – toasted full-fat soybeans until day 26 of fattening, cold-pressed rapeseed cake with increased 
oil content (21%) on days 27–90 of fattening.

**Group IV – toasted full-fat soybeans until day 26 of fattening, extruded rapeseed cake with increased oil 
content (21%) on days 27–90 of fattening.

Table 3. Fattening performance – mean values for the fattening period

Item

Group

SEMI 
Soybean 

meal + soybean 
oil

II 
Toasted 
full-fat 

soybeans

III 
Cold-pressed

rapeseed 
cake*

IV 
Extruded 
rapeseed 
cake**

1 2 3 4 5 6

Weight gain (kg)
   starter (int.- d 26)
   grower (d 27-60)
   finisher (d 61-90)
   starter-finisher (int.-90)

22.10
43.80
75.41 a

106.99

21.90
45.50
80.30 b

111.60 b

22.00
44.70
74.70 a

102.70 a

22.30
44.80
75.90 a

107.60 b

0.257
0.414
0.695
0.883

Average daily gain (ADG) (g/d)
   starter (int.- d 26)
   grower (d 27-60)
   finisher (d 61-90)
   starter-finisher (int.-90)

830.77
929.00 a

1053.00
943.22 a

907.00
1023.53 b
1043.00

996.00 Bb

853.00
882.00 a
933.00
896.67 A

865.00
914.00 a

1056.00
947.78

12.242
15.705
19.241
9.815
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Table 3 – contd.

1 2 3 4 5 6

ADFI (kg/p/d)
   starter (int.- d 26)
   grower (d 27-60)
   finisher (d 61-90)
   starter-finisher (int.-90)

1.68
2.38 a
3.15
2.44

1.76
2.52 b
3.16
2.51

1.74
2.39 a
3.11
2.45

1.74
2.39 a
3.16
2.47

0.016
0.020
0.027
0.013

FCR (kg/kg)
   starter (int.- d 26)
   grower (d 27-60)
   finisher (d 61-90)
   starter-finisher (int.-90)

2.02
2.56
2.99 A
2.59 A

1.94
2.46
3.03 a
2.52 A

2.06
2.71
3.32 Bb
2.74 B

2.03
2.60
3.04 a
2.61 A

0.021
0.032
0.038
0.019

a, b – P≤0.05; A, B – P≤0.01.
*Group III – toasted full-fat soybeans until day 26 of fattening, cold-pressed rapeseed cake with increased 

oil content (21%) on days 27–90 of fattening.
**Group IV – toasted full-fat soybeans until day 26 of fattening, extruded rapeseed cake with increased oil 

content (21%) on days 27–90 of fattening.
ADFI – average daily feed intake.
FCR – feed conversion ratio.

carcass and meat quality
Pigs fed diets containing hydrothermally processed soybeans tended to have 

higher carcass dressing percentage and had the highest carcass lean content (55.7%) 
in comparison with those administered cold-pressed rapeseed cake (P≤0.05)  
(Table 4). 

The analysed feed components had no significant effect on backfat thickness, 
the height and width of the loin eye, the thickness of the gluteus medius muscle or 
thyroid gland weight.

Table 4. Pig carcass quality

Item

Group

SEMI II III IV

Soybean meal + 
soybean oil

Toasted full-fat 
soybeans

Cold-pressed
rapeseed cake*

Extruded 
rapeseed cake**

Dressing percentage (%) 81.31 82.09 x 81.08 80.63 y 0.205

Lean content (%) 54.33 55.72 a 53.28 b 54.41 0.317

Backfat thickness – mean 
of 5 measurements (mm): 22.01 23.29 20.96 22.96 0.412

Loin eye height (mm) 62.01 64.08 61.30 59.92 0.775

Loin eye width (mm) 83.83 89.83 86.58 88.58 1.515

Thickness of the gluteus 
medius muscle (mm) 68.42 69.51 66.67 66.84 122.29

Thyroid gland weight (g) 8.78 8.30 10.11 9.60 0.323
a, b – P≤0.05; x, y – 0.05<P≤0.1.
*Group III – toasted full-fat soybeans until day 26 of fattening, cold-pressed rapeseed cake with increased 

oil content (21%) on days 27–90 of fattening.
**Group IV – toasted full-fat soybeans until day 26 of fattening, extruded rapeseed cake with increased oil 

content (21%) on days 27–90 of fattening.
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The pH of meat was not affected by the protein feedstuffs used as substitutes for 
soybean meal, hydrothermal treatment or oil type (soybean oil, rapeseed oil) (Ta- 
ble 5). 

The water-holding capacity was nearly identical in all dietary treatments, ranging 
from 32.28 to 32.60 cm2.

The analysed feed components had no influence on the values of electrical con-
ductivity, natural drip loss or cooking loss.

Neither protein feedstuffs nor hydrothermal treatment exerted significant effects 
on colour lightness.

Table 5. Meat quality

Item

Group

SEMI II III IV

Soybean meal 
+ soybean oil

Toasted full-fat 
soybeans

Cold-pressed
rapeseed cake*

Extruded 
rapeseed cake**

pH1 6.53 6.32 6.41 6.30 0.041

pH24 5.69 5.71 5.68 5.61 0.022

Electrical conductivity (mS) 3.11 3.58 3.23 3.56 0.152

Water-holding capacity (cm2) 32.54 32.60 32.51 32.28 0.347

Cooking loss (%) 26.29 27.03 26.57 27.66 0.413

Natural drip loss (%) 4.99 5.40 5.09 5.54 0.308

Colour lightness 50.50 50.86 51.14 50.92 0.394

Redness 6.08 5.76 5.86 6.25 0.146

Yellowness 1.60 1.85 1.88 1.87 0.115

*Group III – toasted full-fat soybeans until day 26 of fattening, cold-pressed rapeseed cake with increased 
oil content (21%) on days 27–90 of fattening.

**Group IV – toasted full-fat soybeans until day 26 of fattening, extruded rapeseed cake with increased oil 
content (21%) on days 27–90 of fattening.

The concentrations of fatty acids in the backfat of pigs are presented in Table 6. 
Complete diets supplemented with toasted full-fat soybeans contributed to an in-
crease in total SFAs (P≤0.05). No differences were found in the content of individual 
SFAs in backfat. Only the percentage of stearic acid (C18:0) tended to increase in 
group II animals fed diets with toasted full-fat soybeans. This resulted from the high-
er content of stearic acid in soybeans compared with oil contained in rapeseed cake.

The concentrations of MUFAs were higher in the backfat of pigs administered 
cold-pressed or extruded rapeseed cake than in the backfat of animals receiving soy-
bean meal (P≤0.01). A detailed analysis of individual MUFAs revealed a highly sig-
nificant (P≤0.01) increase in the content of the following acids: C15:1; C16:1n-9; 
C18:1n-9 and C20:1 in the backfat of pigs fed rapeseed cake.

The total concentration of PUFAs was highest (14.28%, P≤0.01) in the backfat 
of control group animals (fed soybean oil). The observed differences were due to  
a higher content of linoleic acid (C18:2n-6) in control group pigs compared with the 
remaining animals (P≤0.01). Significant (P≤0.01) differences were also found in the 
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percentage of a-linolenic acid (C18:3n-3), which was lowest in group II (0.60%) and 
highest in groups III and IV (1.33% and 1.48%, respectively). 

Table 6. Percentage content of fatty acids in backfat

Fatty acids 

Group

SEMI II III IV
Soybean meal + 

soybean oil
Toasted full-fat 

soybeans
Cold-pressed

rapeseed cake*
Extruded rapeseed 

cake**
C10:0 0.10 0.10 0.10 0.10 0.001
C12:0 0.10 0.11 0.10 0.11 0.001
C14:0 1.66 1.69 1.60 1.65 0.032
C14:1 0.02 0.02 0.02 0.02 0.001
C15:0 0.05 0.05 0.06 0.05 0.003
C15:1 0.01 A 0.01 A 0.02 B 0.02 B 0.001
C16:0 27.62 28.33 27.48 27.36 0.238
C16:1n-9 0.34 A 0.34 A 0.46 B 0.42 B 0.011
C16:1n-7 2.06 2.05 1.83 1.80 0.066
C17:0 0.24 0.25 0.23 0.21 0.008
C17:1 0.20 0.21 0.16 0.15 0.011
C18:0 14.41 16.08 x 14.42 y 14.01 y 0.301
C18:1n-9 34.83 Aa 36.85 b 38.12 B 38.28 B 0.343
C18:1n-7 2.35 2.41 2.56 2.64 0.053
C18:2n-6 13.06 A 9.34 B 9.54 B 9.84 B 0.276
C18:3n-6 0.05 a 0.05 a 0.04 0.04 b 0.001
C18:3n-3 1.14 B 0.60 A 1.33 Ca 1.48 Cb 0.052
CLA 0.04 A 0.06 B 0.04 A 0.04 A 0.002
C20: 0 0.21 0.24 0.24 0.23 0.006
C20: 1 0.66 A 0.82 B 0.91 B 0.88 B 0.022
SFAs 44.40 b 46.84 a 44.23 b 43.71 b 3.006
MUFAs 40.48 A 42.72 44.07 B 44.21 B 2.894
PUFAs 14.29 B 10.05 Aa 10.95 A 11.41 Ab 2.049
n-3 1.14 B 0.60 A 1.33 Ca 1.48 Cb 0.365
n-6 13.11 A 9.39 B 9.59 B 9.89 B 1.917
n-6/n-3 11.54 B 15.67 A 7.23 Ca 6.67 Cb 3.751
DFAs 69.17 68.57 69.44 69.62 1.777
OFAs 29.29 30.02 29.09 29.01 1.837
DFA/OFA 2.36 2.28 2.39 2.40 0.202

a, b – P≤0.05; A, B – P≤0.01; x, y – 0.05<P≤ 0.1
SFAs – saturated fatty acids.
MUFAs – monounsaturated fatty acids.
PUFAs – polyunsaturated fatty acids.
DFAs – neutral and hypocholesterolemic fatty acids (UFAs+ C18:0).
OFAs – hypercholesterolemic fatty acids (SFAs – C18:0).
*Group III – toasted full-fat soybeans until day 26 of fattening, cold-pressed rapeseed cake with increased 

oil content (21%) on days 27–90 of fattening.
**Group IV – toasted full-fat soybeans until day 26 of fattening, extruded rapeseed cake with increased oil 

content (21%) on days 27–90 of fattening.
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The backfat of pigs fed diets with cold-pressed or extruded rapeseed cake had 
the highest content of n-3 PUFAs (P≤0.01), accompanied by a lower content of n-6 
PUFAs relative to the control group (soybean oil) (P≤0.01). As a result, a desirable 
change was noted in the n-6/n-3 PUFA ratio, which decreased from 11.54 in the con-
trol group to 7.23 in group III and 6.67 in group IV (P≤0.01).

No differences in the concentrations of neutral and hypocholesterolemic fatty 
acids (DFAs) or hypercholesterolemic fatty acids (OFAs) were found between the 
groups.

discussion

chemical analysis of soybean and rapeseed products 
The nutritional value of rapeseed cake is mostly determined by the quality of 

seeds subjected to deoiling and the applied technological process (Grageola et al., 
2013; Liu et al., 2014). In the current study, the extrusion of rapeseed cake reduced 
its total glucosinolate content by around 17%. A beneficial influence of the hydro-
thermal process on a decrease in the levels of antinutritional factors in rapeseed 
products was also observed by Kaldmäe et al. (2010) and Liu et al. (2014). 

In this experiment, both types of rapeseed cake had comparable concentrations 
of the analysed amino acids, but the concentrations of lysine and methionine with 
cystine were lower in extruded rapeseed cake. Similar results were reported by Se-
neviratne et al. (2014) who found that cold-pressed rapeseed cake heated at 60°C 
contained 20% less lysine than cold-pressed cake not subjected to heating.

growth performance
Our findings indicate that extruded rapeseed cake with increased oil content can 

be a viable alternative to soybean meal and soybean oil as a source of protein and 
energy in pig diets. The values of the analysed performance parameters in growing-
finishing pigs were lower in studies conducted by other authors where soybean meal 
was replaced with rapeseed cake with lower oil content and higher glucosinolate 
content. In the present experiment, the glucosinolate content of finisher diets con-
taining 12% rapeseed cake was only 2.03 and 1.68 mM/kg.

Gjerlaug-Enger et al. (2015) noted a decrease in BW gain and feed intake in pigs 
fed diets containing 13% rape expeller and 5.6% rapeseeds (total glucosinolates – 
1.12 µmol/g). Similar results were reported by Schöne et al. (2001) who observed 
lower feed intake and BW gain in pigs receiving 150 g rapeseed-press cake per kg 
diet, which corresponded to 3.2 mmol glucosinolates per kg diet. The inclusion of  
75 g rapeseed-press cake per kg diet caused no differences in feed intake or the 
growth rate of pigs. Hanczakowska and Świątkiewicz (2014), who replaced soybean 
meal with rapeseed cake and legume seeds in pig diets, found that ADG decreased 
only in pigs fed blue lupine and rapeseed-press cake. Weber et al. (2006) evaluated 
the nutritional value of rapeseed cake with a glucosinolate content of 20.4 µM/kg 
and rapeseed cake subjected to hydrothermal treatment whose glucosinolate content 
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was reduced to 10.5 µM/kg. The cakes, used as a substitute for soybean meal, had no 
significant effect on final BW, ADG, feed intake or FCR. In the group administered 
hydrothermally processed rapeseed cake, feed intake and feed intake per kg BW 
gain were similar to the values noted in our study in pigs fed extruded rapeseed cake 
(2.47 kg and 2.61 kg, respectively). In a study by Seneviratne et al. (2010), expeller-
pressed canola meal led to a decrease in ADG and feed intake, whereas Yun et al. 
(2018) demonstrated that 4% rapeseed meal used a substitute for soybean meal had 
no effect on ADG, average daily feed intake or the gain to feed ratio.

The results of the present study and the findings of our authors point to a high 
nutritional value of rapeseed cake subjected to hydrothermal treatment to reduce its 
glucosinolate content.

carcass and meat quality
The percentage content of lean meat is an important indicator of pork carcass 

quality for economic, processing and nutritional reasons. In the current experiment, 
the carcasses of pigs fed cold-pressed rapeseed cake had the lowest lean content 
(53.3%), whereas the carcasses of group 2 pigs fed diets with toasted soybeans had 
the highest lean content (55.7%). No significant differences in carcass lean content 
were found between control group pigs receiving soybean meal (54.3%) and pigs 
fed extruded rapeseed cake (54.4%). All carcasses were classified into conformation 
classes E and U in the EU pork carcass classification system. 

Seneviratne et al. (2010) reported that increasing dietary expeller-pressed canola 
meal (7.5; 15; 22.5%) linearly decreased carcass dressing percentage and carcass fat 
content in grower-finisher pigs. In contrast, Gjerlaug-Enger et al. (2015) observed no 
effect of rapeseed products (rape expeller and rapeseeds) on lean meat percentage, 
carcass value or pork quality, Schöne et al. (2001) found no differences in carcass 
weight or lean meat content in pigs fed rapeseed cake, either. Hanczakowska and 
Świątkiewicz (2014) reported no differences in carcass traits or meat quality in fin-
ishing pigs, except for sensory attributes (yellow lupine contributed to less desirable 
aroma and taste of meat).

An analysis of the physicochemical properties of meat, including pH, water-hold-
ing capacity, natural drip loss, colour and electrical conductivity revealed that the 
values of these parameters were not affected by the analysed feedstuffs.

The dietary protein and energy sources tested in this study influenced the fatty 
acid composition of backfat, which resulted mostly from the concentrations of fatty 
acids in feed components. Commercial pig diets, based on cereals and soybean meal, 
usually supply approximately 10 times higher amounts of n-6 fatty acids relative to 
n-3 fatty acids (Gjerlaug-Enger et al., 2015). The oil contained in rapeseed cake led 
to a significant increase in the total content of n-3 PUFAs, which is an important nu-
tritional consideration (Bertol et al., 2013). Fatty acids of the n-3 family help prevent 
the development of lifestyle diseases such as cardio-metabolic and inflammatory 
disorders (Mozaffarian, 2008; Galli and Calder, 2009). n-3 and n-6 PUFAs compete 
with enzymes for binding sites and affect cell metabolism. The n-6/n-3 PUFA ratio 
influences various processes at the cellular level, including cell growth, prolifera-
tion, apoptosis and survival (Schmitz and Ecker, 2008). Koczanowski et al. (2004) 
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investigated the effect of dietary supplementation with 6% rapeseed oil on the fatty 
acid profile of backfat in pigs. The cited authors found that rapeseed oil contributed 
to a significant increase in MUFA concentrations from 43.6 to 45.5%. In the group of 
PUFAs, the levels of linoleic acid (C18:2) and linolenic acid (C18:3) increased sig-
nificantly. Their total share was 54% higher than in control group animals fed diets 
without oil supplementation. Rapeseed oil significantly decreased the n-6/n-3 PUFA 
ratio from 10.98 to 7.37.

In the current experiment, the n-6/n-3 PUFA ratio decreased from 11.54 in the 
control group (soybean meal + soybean oil) to 6.67 in the group fed extruded rape-
seed cake. A similar n-6/n-3 PUFA ratio in backfat was reported by Korniewicz et 
al. (2004) and Bertol et al. (2013) in pigs fed complete diets supplemented with 2% 
or 3% rapeseed oil. A beneficial influence of rapeseed oil on the n-6/n-3 PUFA ratio 
in intramuscular fat was also observed by Kołacz et al. (2004) and Korniewicz et al. 
(2006). Gjerlaug-Enger et al. (2015) noted a two-fold increase in the concentration 
of α-linolenic acid in backfat and a more desirable n-6/n-3 PUFA ratio in pigs fed 
concentrate based on low-glucosinolate rapeseed products (13% rape expeller and 
5.6% rapeseeds).

The results of our study and the findings of other authors indicate that rapeseed 
oil and the oil contained in rapeseed cake, fed to pigs, have a positive influence on 
the fatty acid profile of dietary animal fats and oils.

It can be concluded that the pigs fed complete diets containing toasted soybeans, 
as a substitute for soybean meal and soybean oil, had higher ADG. The animals 
receiving cold-pressed rapeseed cake were characterised by lower ADG and higher 
FCR. The carcasses of pigs fed diets containing cold-pressed rapeseed cake and ex-
truded rapeseed cake had lower lean content than the carcasses of pigs administered 
toasted soybeans. The analysed feedstuffs had no effect on backfat thickness or meat 
quality. Cold-pressed and extruded rapeseed cake contributed to changes in the fatty 
acid profile of backfat, including an increase in the concentrations of MUFAs, a de-
crease in linoleic acid (C18:2n-6) content, an increase in α-linolenic acid (C18:3n-3) 
content and a more desirable n-6/n-3 PUFA ratio. The extrusion processing of rape-
seed cake decreased the content of lysine and methionine with cystine by approxi-
mately 4%, and reduced total glucosinolate content by approximately 17%.

The inclusion of toasted soybeans in pig diets contributed to higher BW gain and 
carcass dressing percentage. Rapeseed cake with increased oil content led to desir-
able changes in the fatty acid profile of backfat.
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