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ABSTRACT This study evaluated the effects of in-
cluding 15% of raw or fermented rapeseed cake (RRC
and FRC, respectively) in turkey diets on the growth
performance, antioxidant and immune status, and
intestinal morphology of birds. Rapeseed cake was
fermented using the commercial 6-phytase enzyme
preparation, and dried. A total of 1,350 day-old female
Hybrid Converter turkeys were randomly allocated to 3
dietary treatments with 9 replicates per treatment and
50 birds per replicate. All diets were isonitrogenous and
isocaloric, and contained various protein sources. In the
control group (C), soybean meal was the main source of
dietary protein, and the remaining groups were fed diets
containing 15% of RRC or FRC. Fermentation consider-
ably reduced the concentrations of phytate-phosphorus
and glucosinolates in rapeseed cake. In comparison with
RRC, turkeys receiving FRC achieved higher average
final body weight (BW), comparable with that noted
in the control group. Both RRC and FRC stimulated
the antioxidant system of turkeys, which was reflected

in a decrease in the concentrations of lipid hydroper-
oxides (LOOH) and malondialdehyde (MDA), and an
increase in the total antioxidant potential (FRAP) and
the concentration of total glutathione (GSH + GSSG)
in blood plasma, compared with the control group.
Turkeys fed diets with RRC were characterized by the
highest blood vitamin C concentrations, the highest ac-
tivities of superoxide dismutase (SOD) and glutathione
peroxidase (GPx), and lower catalase (CAT) activity.
The dietary inclusion of rapeseed cake contributed to
an increase in villus height and mucosal thickness in the
duodenum, and a more beneficial influence was exerted
by RRC. It can be concluded that the fermentation
of rapeseed cake considerably reduces the concentra-
tions of glucosinolates and phytate-phosphorus, and in-
creases the final BW of turkeys. Diets containing 15%
of RRC and FRC do not compromise metabolic param-
eters or immune function, and exert positive effects on
antioxidant status and intestinal histomorphology in
turkeys.
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INTRODUCTION

In modern poultry farming systems, balanced diets
that meet the nutrient requirements of birds at each
growth stage are essential to allow them achieve their
full genetic potential. Particular attention has been
paid to readily available protein sources that contribute
to maximizing growth performance while maintaining
good health. This is an important consideration since
exposure to stressors under intensive production con-
ditions may disturb the redox balance and induce gen-
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eration of reactive oxygen species, leading to oxidative
stress which has been implicated in the development
of various diseases (Ognik and Wertelecki, 2012; Ognik
and Krauze, 2016).

Rapeseed cake contains between 300 and 397 g
of crude protein (CP) per kg of dry matter (DM)
(Pastuszewska et al., 2003; Jakobsen et al., 2015), and
it is rich in sulfur-containing amino acids and lysine
(Mansour et al., 1993). According to Smulikowska et
al. (2006), rapeseed cake is a more suitable component
of broiler diets than solvent-extracted rapeseed meal
(RSM) because the former has higher metabolizable
energy value due to higher residual oil content. The
production technology of rapeseed cake is also more en-
vironmentally friendly than that of RSM, which is often
used in animal production (Fang et al., 2007). However,
the use of rapeseed cake in poultry nutrition remains
limited due to its high content of antinutritional factors
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such as glucosinolates, phytic acid, sinapine, fiber, and
tannins (Chibowska et al., 2000; Kocher et al., 2000).
Rapeseed products contain approximately 200 g of
total non-starch polysaccharides (NSP) (Knudsen,
1997) which negatively affect the bioavailability of
nutrients, in particular protein, phosphorus and energy.
Glucosinolates, hydrolyzed by the enzyme myrosinase,
are the most toxic compounds in rapeseed. They
induce generation of numerous undesirable compounds
including isothiocyanates, which reduce feed intake
resulting in decreased growth performance, affect liver
and kidney functions, impair antioxidant capacity and
immune function (Elangovan et al., 2001; Tripathi and
Mishra, 2007; Hu et al., 2016; Shi et al., 2016). Various
processing techniques are employed to lower the levels
of antinutrional factors in RSM, including solvent
extraction, chemical degradation, enzyme hydrolysis,
and fermentation (Chabanon et al., 2007; Feng and
Zuo, 2007; Gasiorek and Wilk, 2011). Most of the above
methods have certain drawbacks such as loss of pro-
teins, insufficient reduction of glucosinolates, high cost,
and commercial infeasibility (Vig and Walia, 2001).

Fermentation improves feed quality by increasing
protein availability, promoting the synthesis of vitamins
and antioxidants, and reducing the content of unde-
sirable compounds in feed ingredients (Kasprowicz-
Potocka et al., 2015; Zaworska et al., 2016) including
rapeseed (Bau et al., 1994; Zhang et al., 2006; Shi
et al., 2016; Aljubori et al., 2017). According to Rozan
et al. (1996), fermentation contributes to the degrada-
tion of 84% of carbohydrates, 30% of lignin, and 47%
of total glucosinolates in RSM. Previous research (Feng
et al., 2007; Xu et al., 2011) has shown that increased
concentrations of biologically active compounds,
including antioxidants, in fermented rapeseed products
may contribute to an increase in immunoglobulin levels
in poultry. Few studies have investigated the efficacy
of fermented rapeseed products in broiler chicken and
turkey nutrition. The experiments conducted to date
revealed that fermented RSM improved the growth
performance, serum biochemical parameters, and
intestinal morphology of broilers (Feng et al., 2007;
Chiang et al., 2010; Hu et al., 2016). Xu et al. (2012)
demonstrated that diets containing 10% of fermented
RSM as a substitute for soybean meal (SBM) in broiler
diets had no adverse effects on the growth or health
of birds. Xu et al. (2011) reported that SBM could be
completely replaced with fermented RSM in duck diets.

In view of the above, the aim of this study was to ver-
ify the hypothesis postulating that the fermentation of
rapeseed cake added at 15% to turkey diets has a bene-
ficial influence on the growth performance, antioxidant,
and immune status of birds.

MATERIALS AND METHODS

Rapeseed cake

Rapeseed cake was purchased on the domestic mar-
ket, from the Bielmar Fat and Oil Processing Plant. It

was ground and thoroughly mixed with water in a ratio
of 1 : 2 in plastic containers. The fermentation of rape-
seed cake was carried out using a commercial enzyme
preparation of 6-phytase expressed in Pichia pastoris.
The substrate was inoculated with enzymes (0.1% on a
rapeseed cake weight basis) and mixed. Solid-state fer-
mentation was conducted for 24 h at 30◦C under anaer-
obic conditions. The enzymes were deactivated at 70◦C
within 15 min, and the fermented biomass was dried at
55◦C. The amount of fermented rapeseed cake (FRC)
was sufficient for the present experiment. The fermen-
tation process was carried out under patent pending
procedure No. 422,849.

Birds, management, and diets

The animal protocol used in this study was approved
by the Local Ethics Committee (Olsztyn, Poland). The
experiment was conducted at the Animal Research Lab-
oratory in accordance with EU Directive 2010/63/EU
on the protection of animals used for scientific purposes
(OJEU, 2010). A total of 1,350 day-old female Hybrid
Converted turkeys, obtained from a local commercial
hatchery in K ↪etrzyn (Poland), were randomly allocated
to 3 dietary treatments with 9 replicates per treatment
and 50 birds per replicate. Turkeys were raised in pens
on litter until 16 wk of age in a building with a con-
trolled environment, and they had free access to feed
and water. Indoor temperature and lighting programs
were consistent with the recommendations for Hybrid
Turkeys (2013).

During each of 4 feeding phases, birds were fed
ad libitum isonitrogenous and isocaloric diets in pel-
let form, with various protein sources. In the control
group (C), SBM was the main source of dietary pro-
tein, whereas the remaining groups were fed diets where
SBM was partially replaced with 15% of raw rapeseed
cake (RRC) or FRC. The diets were prepared in the
“Agrocentrum” feed meal in Ka�l ↪eczyn (Poland). All di-
ets contained similar amounts of major amino acids
(including lysine, methionine with cysteine, threonine),
minerals (including calcium and available phosphorus),
and vitamins. The nutritional value of diets was consis-
tent with the nutrient requirements of turkeys (Hybrid
Turkeys, 2013). Tables 1 and 2 present the composition
of control and experimental diets prepared in successive
4-wk feeding periods.

For chemical analyses, samples of rapeseed cake were
ground to pass through a 0.5-mm sieve. The sam-
ples were analyzed in duplicate for DM, CP, ether ex-
tract, crude fiber, crude ash, and phosphorus accord-
ing to AOAC (2007) methods 934.01, 976.05, 920.39,
978.10, 942.05, 973.18, 984.27, and 965.17, respectively.
Gross energy was determined with an adiabatic bomb
calorimeter (KL 12Mn, Precyzja-Bit PPHU, Poland)
standardized with benzoic acid. Phytate-phosphorus
was determined as described by Haug and Lantzsch
(1983).
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Table 1. Composition and nutrient content of the control diet (C), in %.

Feeding period (weeks)

Item 1 to 4 5 to 8 9 to 12 13 to 16

Ingredients
Wheat 51.94 52.22 62.73 72.14
Soybean meal 41.48 38.85 28.24 20.10
Soybean oil 1.66 4.09 4.95 4.74
Monocalcium phosphate 1.78 1.55 1.14 0.70
Sodium bicarbonate 0.19 0.15 0.15 0.15
Sodium chloride 0.20 0.18 0.16 0.12
Limestone 1.52 1.68 1.43 1.03
Choline chloride 0.09 0.10 0.10 0.10
L-Lysine HCL 0.43 0.46 0.46 0.37
DL-Methionine 0.33 0.30 0.23 0.19
L-Threonine 0.11 0.13 0.13 0.09
Enzymes 0.03 0.03 0.03 0.03
Vitamin-mineral premix1 0.25 0.25 0.25 0.25
Analyzed nutrients
Crude protein 27.1 25.8 22.0 18.4
Crude fat 4.05 5.26 5.43 6.03
Calculated nutritional value2

ME, kcal/kg 2750 2900 3050 3125
Crude fiber 2.69 2.82 2.67 2.59
Lysine 1.71 1.63 1.36 1.09
Arginine 1.74 1.58 1.28 1.05
Methionine 0.68 0.64 0.52 0.44
Methionine + Cysteine 1.11 1.05 0.88 0.77
Threonine 1.04 1.00 0.84 0.68
Tryptophan 0.34 0.31 0.26 0.224
Ca 1.30 1.10 0.90 0.65
Available P 0.70 0.50 0.40 0.30
Na 0.15 0.14 0.13 0.11
Cl 0.26 0.32 0.30 0.24

1Provided the following per kilogram of diet in weeks 1 to 8 and 9 to 16: vitamin A, 12,500 and 9600 IU; vitamin D3,
5000 and 4800 IU; vitamin E, 100 and 60 mg; vitamin K3, 4 and 3 mg; vitamin B1, 4,5 and 2 mg; vitamin B2, 15 and 12 mg;
vitamin B6, 5 and 5 mg; vitamin B12, 16 and 0,03 mg; folic acid, 3, and 2,5 mg; pantothenic acid, 28 and 23 mg, nicotinic
acid, 110 and 85 mg; biotin, 0,38 and 0,38 mg; Mn, 160 and 120 mg; Zn, 160 and 120 mg; Fe, 80 and 40 mg; Cu, 25 and
25 mg; I, 2.5 and 2 mg; Se, 0.3 and 0.3 mg, respectively.

2Calculated according to Polish Feedstuff Analysis Tables (Smulikowska and Rutkowski, 2005).

NSP were determined by gas-liquid chromatography
(constituent neutral sugars) using an SP-2340 column
and a Varian CP3380 gas chromatograph (Varian Inc.,
Palo Alto, CA) and by colorimetry (uronic acids) us-
ing a Biochrom Ultrospec 50 (Biochrom Ltd., Cam-
bridge, UK), according to the procedure described by
Englyst and Cummings (1984, 1988) with modifica-
tions (Slominski and Campbell, 1990). Uronic acids
were determined as described by Scott (1979). Sug-
ars (glucose—GLU, fructose, sucrose, raffinose, and
stachyose) were determined as described by Slominski
et al. (1993). Glucosinolates were determined by gas-
liquid chromatography as described by Slominski and
Campbell (1987).

Growth trial and sample collection

At the end of each 4-wk period, the body weights
(BW) of turkeys, feed intake, and mortality rates were
recorded, and each pen of 50 birds was considered an ex-
perimental unit. Daily feed intake (DFI), feed conver-
sion ratio (FCR) and livability were calculated for each
group. At the termination of the experiment, at 112 d of
age, 9 birds representing the average BW per treatment

were selected, tagged and fasted for 8 h. Blood samples
were collected from the wing vein intravitally, and birds
were sacrificed by cervical dislocation. To study intesti-
nal histology, one square centimeter of whole thick-
ness tissue samples from the duodenum and jejunum
was taken. The samples were placed in 4% buffered
formaldehyde (Sigma-Aldrich Corporation, St. Louis,
Missouri, USA) for 5 d and then stored in ethanol.

Biochemical and hematological analyses

Immediately after collection, blood samples were
aliquoted into test tubes containing heparin and EDTA
as anticoagulants. Next, the blood samples were cen-
trifuged at 3,000 g for 10 min and the plasma was col-
lected for further analysis. The obtained plasma was
stored at –20◦C until analysis. The levels of hemoglobin
(Hb) and hematocrit (Ht) were measured using an au-
tomated hematology analyzer (Abacuss Junior Vet, Di-
atron, Hungary).

The content of GLU, total protein (TP), total
cholesterol (TC), triacylglycerols (TAG), urea (UREA),
creatinine (CREAT), and the activities of alanine
aminotransferase (ALT) and aspartate aminotrans-
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Table 2. Composition and nutrient content of raw rapeseed cake (RRC) and fermented rapeseed cake (FRC)
diets, in %.

Feeding period (weeks)

Item 1 to 4 5 to 8 9 to 12 13 to 16

Ingredients
Wheat 42.93 43.46 53.97 63.37
Soybean meal 34.55 31.80 21.19 13.05
Rapeseed cake/Fermented rapeseed cake 15.00 15.00 15.00 15.00
Soybean oil 2.83 5.21 6.08 5.87
Monocalcium phosphate 1.70 1.50 1.09 0.65
Sodium bicarbonate 0.19 0.15 0.15 0.15
Sodium chloride 0.18 0.18 0.16 0.12
Limestone 1.40 1.53 1.28 0.88
Choline chloride 0.09 0.10 0.10 0.10
L-Lysine HCL 0.47 0.46 0.45 0.36
DL-Methionine 0.29 0.24 0.17 0.13
L-Threonine 0.10 0.09 0.09 0.05
Enzymes 0.03 0.03 0.03 0.03
Vitamin-mineral premix1 0.25 0.25 0.25 0.25
Analyzed nutrients
Crude protein 27.7 25.5 22.6 18.6
Crude fat 5.90 7.56 6.99 7.51
Calculated nutritional value2

ME, kcal/kg 2750 2900 3050 3125
Crude fiber 4.55 4.65 4.50 4.42
Lysine 1.74 1.63 1.36 1.09
Arginine 1.74 1.56 1.26 1.04
Methionine 0.67 0.60 0.48 0.41
Methionine + Cysteine 1.13 1.05 0.88 0.77
Threonine 1.07 1.00 0.84 0.68
Tryptophan 0.34 0.31 0.26 0.23
Ca 1.30 1.10 0.90 0.65
Available P 0.70 0.50 0.40 0.30
Na 0.15 0.14 0.13 0.11
Cl 0.26 0.31 0.30 0.24

1Provided the following per kilogram of diet in weeks 1 to 8 and 9 to 16: vitamin A, 12,500 and 9600 IU; vitamin D3,
5000 and 4800 IU; vitamin E, 100 and 60 mg; vitamin K3, 4 and 3 mg; vitamin B1, 4,5 and 2 mg; vitamin B2, 15 and 12 mg;
vitamin B6, 5 and 5 mg; vitamin B12, 16 and 0.03 mg; folic acid, 3.0 and 2.5 mg; pantothenic acid, 28 and 23 mg, nicotinic
acid, 110 and 85 mg; biotin, 0.38 and 0.38 mg; Mn, 160 and 120 mg; Zn, 160 and 120 mg; Fe, 80 and 40 mg; Cu, 25 and
25 mg; I, 2.5 and 2.0 mg; Se, 0.3 and 0.3 mg, respectively.

2Calculated according to Polish Feedstuff Analysis Tables (Smulikowska and Rutkowski, 2005).

ferase (AST) were measured in blood plasma using an
automated biochemistry analyzer (Plasma Diagnostic
Instruments, Horiba, Kyoto, Japan). The concentra-
tions of calcium (Ca), magnesium (Mg), copper (Cu),
zinc (Zn) and iron (Fe) in the blood plasma of turkeys
were determined by flame atomic absorption spectrom-
etry (AAS) on a UNICAM 939 spectrometer.

The serum concentrations of free triiodothyronine
(T3) and free thyroxine (T4) were determined by the
radioimmunoassay using a diagnostic kit (Roche Di-
agnostics Gmbh, Mannheim, Germany) and the Elec-
sys 1010 analyzer (Instrument Center AG, Rotkreuz,
Switzerland).

The activities of superoxide dismutase (SOD) and
glutathione peroxidase (GPx) were determined in ery-
throcytes using Ransod and Ransel diagnostic kits
(Randox), and catalase (CAT) activity was determined
according to Aebi (1984). Total antioxidant poten-
tial (FRAP), the concentrations of total glutathione
(GSH + GSSG), malondialdehyde (MDA), and lipid
hydroperoxides (LOOH) in blood plasma were deter-
mined according to the methods proposed by Ognik and
Wertelecki (2012).

The immune responses of turkeys were determined
with the use of immunoenzymatic tests based on the
plasma levels of immunoglobulin A (IgA), immunoglob-
ulin Y (IgY), immunoglobulin M (IgM), and interleukin
6 (IL-6) using the Bigenet UMV 340 blood cell reader
and kits for determining IL-6 (USCN Life Science Inc.,
Wuhan, China), IgA, IgM, and IgG (CusabioBiotech
Co., Wuhan, China).

Histomorphometry

The intestinal segments of duodenum and jejunum
were embedded in paraffin, and serial histological
sections (5 μm thick) were stained with hematoxylin
and eosine for histomorphometric analysis under a light
microscope. In each bird, villus height, crypt depth,
the thickness of tunica mucosa, and tunica muscularis
were measured in 5 to 8 slides for each tissue sample
(duodenum, jejunum) with an optical microscope
(×4 or ×10 objectives, OLYMPUS BX 61, Warsaw,
Poland) coupled via a digital camera to a PC computer
equipped with Cell P (OLYMPUS) software. In the
slides, a total of 30 well-oriented villi (a population of
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predominant villi) and crypts as well as the thickness of
tunica mucosa and tunica muscularis (30 measurement
points each) were measured for every small intestinal
segment in each bird. Then, the mean value of each of
the parameters was used to represent the data of a sin-
gle bird. The procedure was repeated for each examined
bird, and a statistical analysis was performed on three
groups of birds (n = 9 in each experimental group).

Statistical analysis

For a statistical analysis of performance parameters,
a single pen (n = 9) was considered as a replicate exper-
imental unit. For analyses of biochemical, antioxidant,
and histomorphometrical parameters of blood and tis-
sues, individual birds were considered as experimental
units. All analyses were performed on 27 birds repre-
senting 9 replicates from each of the 3 experimental
groups.

One-way analysis of variance (ANOVA) was per-
formed with the use of Statistica 10.0 software (Stat-
Soft. Kraków, Poland). When a significant treatment
effect was noted, the post-hoc Tukey test was used to
determine differences between treatment groups. Data
were presented as means ± SEM, and the value of P ≤
0.05 was considered statistically significant. In the fol-
lowing parameters: BW, blood T4 levels, and the villus
height to crypt depth ratio in the jejunum, the post-hoc
Tukey HSD test did not reveal significant differences be-
tween means in groups although P value reached 0.04.
Therefore, Duncan’s test was used, and the observed
significant differences were considered as tendencies.
The significance of differences between livability data
was determined by the Kruskal–Wallis test by ranks
(non-parametric ANOVA on ranks).

RESULTS

The fermentation of rapeseed cake by enzymes
slightly increased the content of DM (93.5 vs. 91.2%),
CP (34.9 vs. 32.5%), and CF (16.4 vs. 15.5%), and
decreased the concentration of crude fat in compar-
ison with RRC (9.30 vs. 10%). The greatest change
was noted in the content of phytate-phosphorus which
decreased from 0.307 to 0.016% on a DM basis. The
fermentation of rapeseed cake caused a nearly 10-
fold decrease in the content of glucosinolates (1.66 vs.
16.30 μmol/g) and a nearly 2-fold decrease in the con-
tent of carbohydrates (5.48 vs. 9.22%) in comparison
with RRC (Table 3). The concentration of NSP was
similar in groups RRC and FRC at 22.25 and 22.57%,
respectively.

The growth performance of turkeys is presented in
Table 4. No significant differences in DFI, FCR, or liv-
ability were observed between turkeys fed control, RRC,
and FRC diets. However, a tendency towards lower
average final BW of turkeys receiving RRC was ob-
served relative to the remaining groups. Fermentation

Table 3. Chemical composition of rapeseed cake (RC) and fer-
mented rapeseed cake (FRC) (%, dry matter basis).

Component RRC FRC

Dry matter 91.2 93.5
Crude protein 32.5 34.9
Crude fiber 15.5 16.4
Ether extract 10.0 9.30
Crude ash 6.70 6.70
Total phosphorus 1.15 1.14
Phytate-phosphorus 0.307 0.016
Gross energy (kcal/kg) 5127 5240
Non-starch polysaccharides1 22.2 22.6
Glucosinolates2 (μmol/g) 16.3 1.66
Sugars3 9.22 5.48

1Including rhamnose, arabinose, xylose, mannose, galactose, glucose,
and uronic acids.

2Including gluconapin, glucobrassicinapin, progoitrin, glucobrassicin,
and hydroxyglucobrassicin.

3Including glucose, fructose, sucrose, raffinose, and stachyose.

Table 4. Growth performance of turkeys fed a control diet (C)
and diets containing raw (RRC) or fermented rapeseed cake
(FRC).

Dietary treatment

C RRC FRC SEM P value

DFI, g 258 256 261 1.372 0.336
FBW, kg 10.82a 10.68b 10.83a 0.027 0.043
FCR, kg/kg 2.53 2.51 2.52 0.010 0.819
Livability, % 99.1 99.8 97.6 0.381 0.165

a,bMeans within a row with different superscripts were considered as
a near-significant trend

increased the final BW of turkeys, which was approxi-
mately 1.3% higher in group FRC than in group RRC,
and comparable with that noted in the control group
(P = 0.043).

The inclusion of RRC and FRC in turkey diets did
not affect the plasma concentrations of TP, TC, AST,
ALT, CREAT, UREA, Ca, or Mg (Table 5). Turkeys
fed diets containing RRC or FRC had higher GLU
(P = 0.001) and Cu (P = 0.010) levels than control
group birds. RRC increased the plasma levels of TAG
in turkeys, relative to the control groups, and Zn levels
relative to the FRC groups (P = 0.029 and P = 0.027,
respectively). Blood T3 and T4 levels were similar in
all groups, but a tendency towards decreased blood T4
levels (P = 0.044) was noted in turkeys fed RRC diets.

Both RRC and FRC modified selected parameters of
the blood redox status in turkeys (Table 6), including
a significant decrease in the concentrations of LOOH
(P = 0.001) and MDA (P = 0.001), and an increase
in FRAP values (P = 0.008) and in the concentrations
of GSH + GSSG (P = 0.001) in blood plasma, com-
pared with the control group. Turkeys fed diets with
RRC were characterized by the highest blood vitamin
C concentrations (P = 0.001), the highest activities of
antioxidant enzymes SOD (P = 0.002) and GPx (P =
0.001), and lower CAT activity (P = 0.027).

A significant decrease was noted in blood Ht (P =
0.001) and IgM (P = 0.001) levels in turkeys fed diets
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Table 5. Blood biochemical parameters of turkeys fed a control diet (C) and diets containing raw (RRC) or
fermented rapeseed cake (FRC).1

Dietary treatment

C RRC FRC SEM P value

GLU, mmol/L 16.1b 17.7a 17.4a 0.196 0.001
TP, g/L 40.4 42.0 40.9 0.578 0.545
TAG, mmol/L 1.28b 1.79a 1.32a,b 0.091 0.029
TC, mmol/L 3.00 2.52 2.50 0.136 0.247
AST, U/L 651 657 633 22.57 0.913
ALT, U/L 19.6 19.6 19.7 1.020 0.999
CREAT, μmol/L 7.78 8.11 8.89 0.705 0.816
UREA, μmol/L 244 233 278 12.37 0.324
T3, pg/mL 7.68 9.33 10.2 0.508 0.121
T4, ng/dl 0.847x 0.621y 0.813x 0.041 0.044
Ca, mmol/L 2.71 2.68 2.70 0.051 0.970
Mg, mmol/L 0.455 0.476 0.454 0.012 0.723
Fe, μmol/L 46.67 43.19 41.53 1.620 0.434
Cu, μmol/L 3.53b 4.71a 4.63a 0.187 0.010
Zn, μmol/L 77.7a,b 87.12a 76.74b 1.803 0.027

1Data representing mean values of 9 birds per treatment.
a,bMeans within a row with different superscripts differ significantly (P ≤ 0.05).
x,yMeans within a row with different superscripts were considered as a near-significant trend; Hb- hemoglobin; Ht-

hematocrit; GLU, glucose; TP, total protein; TAG, triacylglycerols; TC, total cholesterol; AST, aspartate aminotransferase;
ALT, alanine aminotransferase; CREAT, creatinine; UREA, urea; T3, free triiodothyronine; T4, free thyroxine.

Table 6. Blood redox parameters of turkeys fed a control diet (C) and diets containing raw (RRC) or fermented
rapeseed cake (FRC).1

Dietary treatment

C RRC FRC SEM P value

Vit.C, μmol/L 84.8b 107a 70.5b 4.477 0.001
MDA, μmol/L 0.987a 0.506b 0.533b 0.061 0.001
GSH+GSSG, μmol/L 0.149b 0.279a 0.257a 0.016 0.001
FRAP, μmol/L 146b 212a 203a 9.988 0.008
LOOH, μmol/L 74.8a 54.3b 58.7b 2.524 0.001
SOD, U/gHb 2946b 4134a 3194b 159 0.002
GPX, U/gHb 72.3a 77.7a 62.9b 1.635 0.001
CAT, U/gHb 418a 340b 372a,b 12.26 0.027

1Data representing mean values of 9 birds per treatment.
a,bMeans within a row with different superscripts differ significantly (P ≤ 0.05); Vit. C, vitamin C; MDA, malondialdehyde;

GSH+GSS, total glutathione; FRAP, total antioxidant potential; LOOH, peroxides; SOD, superoxide dismutase; GPX,
glutathione peroxidase; CAT, catalase.

with RRC or FRC, compared with the control group
(Table 7). The values of the remaining hematological
and immunological parameters were similar in all
groups.

The morphological parameters of the intestinal mu-
cosa of turkeys are shown in Table 8. In groups RRC
and FRC, an increase in villus height was observed
in the duodenum and jejunum, but significant changes
were found only in the duodenum where villus height
was significantly highest in birds fed RRC (P = 0.001).
The thickness of duodenal mucosa in group RRC was
significantly higher than in the control and FRC groups
(P = 0.001). A beneficial influence of RRC and FRC
was also observed in the small intestines of turkeys,
where a tendency towards a higher villus height to crypt
depth ratio was noted relative to the control group
(P = 0.042). The dietary treatments had no influence
on crypt depth or wall thickness in the duodenum and
jejunum of turkeys.

DISCUSSION

The use of rapeseed products in poultry nutrition is
limited due to the presence of toxic and indigestible
substances such as glucosinolates, phytic acid, and
non-soluble carbohydrates (Rozan et al., 1996). Pre-
vious research has shown that fermentation can im-
prove the quality of high-protein feeds by reducing
their content of anti-nutritional factors (Shi et al., 2017;
Goodarzi Boroojeni et al., 2018). Similar observations
were made in the present study where fermentation-
induced changes in the chemical composition and nu-
tritional value of rapeseed cake. A minor increase was
noted in the TP content of FRC, compared with RRC,
which is consistent with the findings of other authors
(Rozan et al., 1996; Vig and Walia, 2001). According
to Chiang et al. (2010), this is a reflection of changes in
DM content rather than an actual increase in protein
content. On the other hand, an increase in CP content
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Table 7. Hematological and blood immunological parameters of turkeys fed a control diet (C) and diets
containing raw (RRC) or fermented rapeseed cake (FRC).1

Dietary treatment

C RRC FRC SEM P value
Hb, g/L 9.22 8.95 9.34 0.123 0.421
Ht, l/L 35.8a 34.1b 33.7b 0.241 0.001
IgA, ng/mL 33.6 34.0 33.0 1.490 0.963
IgY, ng/mL 837.9 886.9 887.1 14.948 0.338
IgM, ng/mL 1298a 1007b 922.1b 36.013 0.001
Il-6, pg/mL 4.64 4.26 4.13 0.154 0.415

1Data representing mean values of 9 birds per treatment.
a,bMeans within a row with different superscripts differ significantly (P ≤ 0.05); Hb, hemoglobin; Ht, hematocrit, IgA,

immunoglobulin A; IgY, immunoglobulin Y; IgM, immunoglobulin M; Il-6, interleukin 6.

Table 8. Morphology of the duodenum and jejunum of turkeys fed a control diet (C) and diets containing raw
(RRC) or fermented rapeseed cake (FRC).1

Dietary treatment

C RRC FRC SEM P value

Villus height (μm)
Duodenum 2372b 2881a 2625a,b 62.5 0.001
Jejunum 1604 1767 1789 51.7 0.290
Crypt depth (μm)
Duodenum 134 141 129 4.59 0.582
Jejunum 118 104 110 2.74 0.142
Villus height/crypt depth (μm)
Duodenum 18.42 21.11 20.63 0.751 0.307
Jejunum 13.76y 16.85x 16.60x 0.570 0.042
Intestinal mucosa thickness (μm)
Duodenum 2511b 3030a 2763a,b 63.6 0.001
Jejunum 1732 1885 1909 52.0 0.332
Intestinal wall thickness (μm)
Duodenum 307 294 271 8.6 0.236
Jejunum 253 277 288 7.5 0.147

1Data representing mean values of 9 birds per treatment.
a,bMeans within a row with different superscripts differ significantly (P ≤ 0.05).
x,yMeans within a row with different superscripts were considered as a near-significant trend.

is associated mostly with a decrease in the concentra-
tions of non-structural carbohydrates in the biomass
(Hu et al., 2016), which was also observed in our study.
It should be stressed that fermentation considerably re-
duced the concentration of phytate-phosphorus in rape-
seed cake. Our results corroborate the findings of Shi
et al. (2016), who noted an 86% decrease in the con-
tent of phytate-phosphorus in fermented RSM. During
the fermentation process, phytates are broken down by
microbial phytase (El-Batal and Karem 2001). In the
current study, fermentation considerably reduced the
concentrations of glucosinolates in FRC. According to
Vig and Walia (2001), the glucosinolate content of RSM
decreases proportionally with fermentation time, and it
can be reduced by 43.1% after 10 d. Chiang et al. (2010)
and Xu et al. (2012) demonstrated that 30-d fermenta-
tion lowered isothiocyanate concentrations in RSM by
83 and 90%, respectively. The reduction of glucosino-
lates and their by-products during fermentation may be
due to the utilization of GLU and the sulfur moieties of
these compounds by microbial enzymes (Tripathi and
Mishra, 2007). The fermentation of rapeseed cake had
no effect on the concentrations of NSP, which is consis-

tent with the findings of Jakobsen et al. (2015). This
could be due to the fact that insoluble fiber fractions
are typically more resistant to fermentation than their
soluble counterparts (Bach Knudsen and Jorgensen,
2001).

The results of numerous studies indicate that high in-
clusion levels of rapeseed products, used as substitutes
for SBM in poultry diets, can lead to decreased feed
intake and BW gains, and increased mortality (McNeill
et al., 2004; Gopinger et al., 2014). In the current study,
diets containing 15% of RRC and FRC had no influence
on feed intake or FCR, but turkeys fed RRC achieved
lower final BW than birds from the control and FRC
groups. Our results corroborate the findings of other au-
thors who demonstrated that the average BW of broiler
chickens and pigs fed fermented RSM were higher than
in the groups receiving raw RSM and similar to the
SMB group (Chiang et al., 2010; Shi et al., 2016). In
our study, better growth performance in group FRC,
relative to the control and RRC groups, could have re-
sulted from the considerable reduction in the concentra-
tions of glucosinolates and their derivatives in rapeseed
cake. The glucosinolate content of poultry diets should
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not exceed 2.5 μmol/g to ensure optimum performance
(Mushtaq et al., 2007).

The blood biochemical and hematological parameters
of turkeys were determined to evaluate the influence of
experimental diets on the health status of birds. The in-
crease in blood GLU levels, noted in turkeys fed RRC
and FRC, was undesirable and could be indicative of the
adverse effect of rapeseed cake on liver function. An in-
crease in blood GLU concentrations in broiler chickens
fed diets containing 10% of fermented RSM was also
reported by Hu et al. (2016). The cited authors also
found that fermented RSM decreased plasma TAG lev-
els (an indicator of lipid metabolism in animals), com-
pared with non-fermented RSM. Similar results were
obtained in the present study; plasma TAG concentra-
tions were lower in group FRC than in group RRC.
This suggests that fermentation could improve the uti-
lization of dietary fat by turkeys. Turkeys fed RRC
had lower T4 concentrations, whereas T3 levels were
similar in all groups. Lardy and Kerley (1994) also re-
ported a significant linear decrease in serum T4 con-
centrations in response to increasing dietary levels of
RSM in growing beef steers. Glucosinolates are known
to decrease the levels of thyroid hormones (Hill, 1991;
Taraz et al., 2006; Mikulski et al., 2012), thus slow-
ing down metabolism. Blood T4 levels were higher in
group FRC than in group RRC, which could result
from a substantially lower content of isothiocyanates in
FRC diets.

The increase in the blood concentrations of Cu and
Zn in turkeys fed diets containing RRC and FRC points
to a beneficial influence of rapeseed cake on the antiox-
idant status of birds. CuZn-SOD, which is localized in
cytosol, contains approximately 0.30% of Cu and 0.25%
of Zn (Surai, 2016). Sodium dismutase is a metalloen-
zyme which plays a key role in cell defense against
the damaging effects of peroxides (Ognik and Krauze,
2016). In our study, SOD activity increased in both
groups fed rapeseed cake, RRC and FRC. The values of
other indicators, including the concentrations of GSH
+ GSSG and MDA, the activities of GPx and CAT,
and FRAP also point to the positive effects of RRC and
FRC on the redox status of turkeys; it should be noted
that FRC did not exert a more beneficial influence
on the redox balance than RRC. Sodium dismutase,
GPx and CAT are three major antioxidant enzymes
involved in scavenging oxygen free radicals (McCord,
1979). Increased SOD activity accompanied by stable
or decreased activities of GPx and CAT could point to
the activation of enzymatic defense mechanisms (Ognik
and Krauze, 2016). MDA is the end product of lipid
peroxidation; therefore, the extent of lipid peroxidation
by reactive oxygen species can be monitored based
on MDA levels (Sumida et al., 1989). The decrease in
MDA concentrations, noted in our experiment, was
associated with decreased amounts of the end products
of lipid peroxidation. The beneficial effects of RRC
and FRC could be related to the chemical composition
of rapeseed cake which contains phenolic acids with

strong antioxidant properties. According to Amarowicz
et al. (2001), the antioxidant properties of phenolic
acids in rapeseed oil cake contribute to inhibiting
oxidation, thus maintaining its high nutritional quality.
There is a general scarcity of studies investigating
the effects of RRC and FRC on the redox status of
turkeys. In a study by Hu et al. (2016), SOD activity
and total antioxidant capacity were significantly higher
in the blood of broiler chickens fed fermented RSM,
compared with non-fermented RSM, but no significant
differences were found in the remaining parameters of
the redox status. Our findings suggest that both RRC
and FRC stimulated antioxidant processes in turkeys.

Previous experiments (Feng et al., 2007; Tang et al.,
2012) suggest that fermentation can increase the levels
of small-size peptides in fermented RSM and improve
the immune status of animals. In our study, diets con-
taining RRC and FRC had no effect on Hb levels and
decreased Ht levels in turkeys. However, the values of
all hematological parameters remained within normal
physiological ranges (Ognik and Sembratowicz, 2012;
Ognik et al., 2016). Previous research (Matsuzaki and
Chin, 2000; Xue et al., 2009; Xu et al., 2011) has re-
vealed that fermented protein feeds, which are a rich
source of polysaccharides, bioactive compounds, and
lactic acid bacteria, promote immunoglobulin produc-
tion and suppress the release of proinflammatory cy-
tokines in animals. In the present study, diets with
RRC and FRC significantly decreased the blood levels
of IgM. IgM is produced as the first antibody isotype
in the primary antibody response, and it is the ma-
jor immunoglobulin class expressed on the surface of
B lymphocytes in chickens (Schwarz et al., 2010). IgM
can be used as an indicator of recent exposure to for-
eign macromolecules from infectious agents (Orlandi-
Pradines et al., 2007). The results of experiments with
poultry indicate that plasma IgM levels can decrease
or increase in response to immunosuppression and im-
munostimulation. In most cases, increased IgM levels
are observed during infection, accompanied by elevated
levels of IgG and the proinflammatory cytokine IL-6,
and oxidation reactions occur in cells (Ratcliffe, 2006;
Schwarz et al., 2010; Jankowski et al., 2017). In our
study, diets with RRC and FRC did not increase the
levels of the remaining immunoglobulins or IL-6. The
indicators of oxidative stress did not increase, either.
Thus, decreased IgM levels could only be indicative of
immune system stimulation.

Intestinal villi are the site where most of the nutrients
are absorbed, and their height is indicative of the ab-
sorptive capacity of intestinal mucosa. Higher intestinal
villi increase the area of surface contact between entero-
cytes and nutrients, thus improving nutrient absorption
(Gopinger et al., 2014). The villus height to crypt depth
ratio is a robust indicator of the absorptive capacity
of the small intestine (Pluske et al., 1997; Montagne
et al., 2003). An increase in the villus height to crypt
depth ratio is considered beneficial for digestion and
absorption, and vice versa. In the current study, both
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RRC and FRC increased villus height in the duodenum
and improved the villus height to crypt depth ratio
in the jejunum of turkeys. Surprisingly, the thickness
of duodenal mucosa was highest in turkeys fed RRC,
not FRC. In other studies (Chiang et al., 2010; Hu et
al., 2016), the dietary inclusion of 10% of fermented
RSM enhanced small intestinal structure and function
in broilers, compared with non-fermented RSM. Previ-
ous research suggests that fermented feed significantly
increases the total counts of beneficial bacteria in the
gastrointestinal tract of broiler chickens and turkeys
(Firman et al., 2013; Naji et al., 2015). According to Xu
et al. (2003), increased villus height and villus height
to crypt depth ratio might be associated with increased
counts of beneficial gut bacteria such as lactobacilli.
The increased villus height to crypt depth ratio can
produce an intestinal structure with improved absorp-
tive and hydrolysis potential, which requires fewer nu-
trients for intestinal maintenance. Thus, fermented feed
can promote the growth of intestinal epithelial cells,
increase the surface area for nutrient absorption, and
improve the efficiency of nutrient utilization. The re-
sults of our study are interesting because FRC exerted
a beneficial influence on intestinal morphometry, as ex-
pected, but RRC also had a positive effect on the an-
alyzed parameters. Previous studies have only shown
that the inclusion of 15 to 20% of RSM in broiler chicken
diets had no adverse effect on the morphometric param-
eters of the jejunum (Perić et al., 2015) and did not alter
the integrity of the intestinal mucosa (Gopinger et al.,
2014).

CONCLUSIONS

It can be concluded that fermentation had a ben-
eficial influence on the chemical composition of rape-
seed cake because it considerably reduced the concen-
trations of glucosinolates and phytate-phosphorus. In
comparison with RRC, FRC increased the final BW of
turkeys. Both RRC and FRC can be added to turkey
diets at 15% without compromising metabolic parame-
ters or immune function, while exerting a positive effect
on antioxidant status and intestinal histomorphology in
turkeys.

SUPPLEMENTARY DATA

Supplementary data are available at Poultry Science
online.
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