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Abstract 

This experiment investigated the effects of
combinations of three temperatures and three
storage times on the chemical composition,
fatty acid profile, and oxidative stability of
canola expellers obtained from the cold-press-
ing extraction of oil. Canola seeds were single-
crushed at moderate temperatures (60°C) dur-
ing 3 pressing sessions. Nine samples (100±1
g) of each session were collected, inserted into
sealed bags, stored at three temperatures (12,
24, 36°C) over 3 periods of time (10, 20, 30 d).
Then, samples (100±1 g) of canola seeds col-
lected before each pressing session and canola
expellers collected before and after each stor-
age time were analyzed for chemical composi-
tion, fatty acid profile, peroxide number and
Kreis test. Before storage, the fatty acid profile
of canola seeds and expellers differed signifi-
cantly, except for myristic (P=0.18), palmitic
(P=0.57), oleic (P=0.07), and α-linolenic
acids (P=0.45). Compared to canola seeds,
expellers showed greater content of saturated,
poly-unsaturated, and n-6 fatty acids (P<0.01),
but a lower content of mono-unsaturated fatty
acids (P<0.01). Peroxide values were definite-
ly (P<0.01) greater for expellers and averaged
4.22 and 4.11 mEq/kg fat before and after stor-
age, respectively. The Kreis test was negative
for all samples. Under different temperatures
and times of storage, canola expellers showed
to maintain a good oxidative stability, as high-
lighted by low peroxide values (<10 mEq/kg
fat) and negative response for Kreis test.
Canola expellers obtained by on-farm cold
extraction, despite great oil residual (from 17
to 19% ether extract on dry matter basis), can

be stored at farm without significant chemical
and nutritional changes.

Introduction 

Canola represents the trademark of a partic-
ular rapeseed with a low content of erucic acid
(<5% by weight, for EU) and glucosinolates
[<30 mmol/kg dry matter (DM), for EU]. In the
last years an increasing number of farms have
been equipping themselves with small-sized
facilities for the mechanical extraction of oil
from canola seeds. After the extraction, the oil
is usually converted into biodiesel and used as
fuel for tractors, whereas the resulting by-
products (canola expellers) are included in
ruminant diets as protein and fat sources. This
productive cycle offers economical and envi-
ronmental advantages, as it contributes
towards reducing the need for fossil fuels in
the agricultural industry and to recycling the
resulting expellers as animal feeds (Baquero
et al., 2010; Esteban et al., 2011). However, to
date, information about the nutritional and
energy value of canola expellers are still limit-
ed. The literature indicates that the oil content
of canola expellers is extremely variable, with
a fat percentage ranging from 8 to almost 30%
DM, as the mechanical extraction is a poorly
standardized and inefficient method (Leming
and Lember, 2005; Spragg and Mailer, 2007;
Thacker and Petri, 2009). Furthermore, canola
oil, similarly to all vegetable oils, is character-
ized by a great degree of unsaturation and,
thus, is susceptible to oxidation (O’Brien,
2008; Matthäus, 2012). This chemical profile
could strongly reduce the possibility of storing
canola expellers at the farm level and discour-
age their use in animal feeding. Thus, the
identification of techniques to store canola
expellers at the farm level could represent a
topic of public and scientific interest. This
experiment aimed at investigating the effects
of pressing and combination of three storage
temperatures and three storage times on the
chemical composition, fatty acid profile, and
oxidative stability of canola expellers obtained
from on-farm cold-pressing extraction of oil.

Materials and methods

Experimental design and analytical
procedures 
Canola seeds were obtained by eight hybrid

cultivars of canola: Dkexme, Excalibur, and

Excel (Dekalb, Monsanto Agricoltura Spa, Lodi,
Italy), PR46W10 (Pioneer Hi-Bred Srl,
Cremona, Italy), Pulsar and Tissot (Società
Italiana Sementi, Bologna, Italy), Toccata and
Makila (Maisadour Semences Italia, Verona,
Italy). Hybrids were grown and harvested at
the pilot farm of the Veneto Agricultura Agency
(Caorle, VE, Italy). After harvest, canola seeds
were screened to remove extraneous material,
artificially dried and all stored into the same
silo until pressing for oil extraction. Three
pressing sessions were conducted in three
successive months, where canola seeds were
single-crushed at moderate temperatures
(60°C) using two presses equipped with a
rotating screw shaft within an horizontal bar-
rel (Mailca Srl, Modena, Italy). The two presses
had an input flow rate of 120 kg/h of seeds,
with a production of 40 kg/h of oil and 80 kg/h
of expellers. After each pressing session, 9
samples of canola expellers (100±1 g) were
randomly collected, inserted into sealed bags,
and stored at three different temperatures (12,
24, and 36°C) over three periods of time (10,
20, and 30 d). This combination of tempera-
tures and times was chosen to simulate envi-
ronmental conditions occurring at the farm
over different seasons of the year in the Po val-
ley. The chemical composition and fatty acid
profile of canola expellers, previously ground
to 1 mm using a hammer mill (Pullerisette 19,
Fritsch GmbH, Laborgeratebau, Germany),
were determined before storage (t=0) and at
the end of each storage time (10, 20, and 30 d).
The same analyses were conducted on samples
(100±1 g) of canola seeds collected before
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each pressing session, to detect possible
effects of storage into the silo on chemical
composition of seeds. Chemical analyses were
performed in the same laboratory by the same
technician. Samples were analyzed for dry
matter (DM; #934.01; AOAC, 2003), crude pro-
tein (CP; #976.05; AOAC, 2003), ether extract
(EE; #920.29; AOAC, 2003), ash (#942.05;
AOAC, 2003), and neutral detergent fibre
(aNDF), as suggested by Mertens (2002). The
aNDF fraction, including residual ash, was
determined with �α-amylase and sodium sul-
phite using the Ankom220 Fibre Analyzer
(Ankom Technology®, Macedon, NY, USA). The
fatty acid profile was determined in duplicate
using a Thermo Finnigan Spectra System
AS3000 autosampler (Thermo Electron
Corporation, Waltham, MA, USA) equipped
with a H2SO4 0.0025 N Bio-Rad HPX-87H col-
umn (Bio-Rad Laboratories, Richmond, CA,
USA). After extracting with chloroform and
methanol (Folch et al., 1957), the oil was ana-
lyzed for peroxide number, using conventional
iodometric titration with thiosulfate (Peroxide
value of oils and fats, #965.33; AOAC, 2003),
and for the Kreis test (NGD, 1979).

Statistical analysis
Experimental data were subjected to analy-

sis of variance using the general linear model
procedure (PROC GLM) of SAS (2005). For the
fatty acid profile provided by canola seeds and
canola expellers before storage (t=0) the
model included the effects of feed (canola
seeds or canola expellers) and pressing ses-
sion:

yijk = �µ + Fi + Pj + FPij + εijk
where
yijk, single observation;  
µ, overall mean;  
Fi, effect of feed (i = 1 to 2); 
Pj, effect of pressing session (j = 1 to 3); 
εijk, residual error.

Regarding the chemical composition and
fatty acid profile of samples of canola expellers
collected after the different periods of storage
at varying temperatures, the model included
the effects of pressing session, storage temper-
ature, storage length, and the corresponding
first-order interactions.

yijkl = �µ + Pi + Tj+ Lk + PTij + PLik + TLjk + �εijkl

where
yijk, single observation;  
µ, overall mean;  
Pi, effect of pressing session (i = 1 to 3); 
Tj, effect of storage temperature (j = 1 to 3);
Lk, effect of storage length (k = 1 to 3); 

PTij, PLik, TLjk, first order interactions
εijkl, residual error. 

Significant differences were always accept-
ed if P≤0.05.

Results and discussion

The proximate analysis of canola seeds and
expellers after each pressing is given in Table
1. Chemical values provided by canola seeds
conformed with tabulated data (NRC, 2001).
However, the batch of seeds subjected to each
pressing session differed for lipid (from 42.2 to
46.3% DM) and NDF content (from 25.8 to
27.6% DM). Magnitude of these differences
suggests that seeds of different cultivars were
not homogeneously distributed into the silo.
After 3 pressing sessions canola expellers
showed a similar CP content (from 30.6 to
30.9% DM), whereas ether extract content var-
ied notably (from 17.5% to 19.1% DM), as con-
sequence of variable composition of original
seeds. The highest ether extract value (19.1%
DM) was in line with the findings of Leming
and Lember (2005), and intermediate between
13% DM as reported by Spragg and Mailer
(2007) and 27% DM as observed by Thacker
and Petri (2009). However, in relative terms,
the lipid content found in this experiment
must be considered to be high, and this
demonstrates that the efficiency of oil extrac-
tion from canola seeds, using a small-size
facility, was low. Literature indicates that pro-
cessing conditions, and especially the number
of pressings, can influence greatly the amount
of residual oil in the expellers (Weigal, 1991;
Glencross et al., 2004). Currently, the common
practice is to press seeds once or twice; the
double pressing ensures a greater recovery of
oil from seeds but also causes the generation

of high temperatures inside the pressing sys-
tem, thereby increasing the amount of free
fatty acids and, hence, reducing the storability
of oil (Matthäus, 2012). In the present study
canola seeds were subjected to single-press-
ing, as the purpose was to evaluate the possi-
bility of storing expellers with a high oil resid-
ual. Moreover, moderate temperatures (60°C)
were applied for the extraction of oil, to avoid
possible alterations of fatty acid profile. Before
storage (t = 0), the fatty acid profile of canola
seeds and expellers differed significantly,
except for the content of myristic (C14,
P=0.18), palmitic (C16, P=0.57), and α-
linolenic acid (C18:3 n-3; P=0.45) (Table 2).
Compared to the canola seeds, expellers
showed significantly (P<0.01) greater content
of saturated (SFA), poly-unsaturated (PUFA),
and n-6 fatty acids. Conversely, the content of
mono-unsaturated fatty acids (MUFA) was sig-
nificantly lower (P<0.01) in the canola
expellers compared to the seeds. Therefore,
notable differences were found between the
fatty acid profile of expellers and that of origi-
nal seeds. Harris and James (1969) stated that
the temperature controls the dehydrogenation
of fatty acids by influencing the amount of
available oxygen. More specifically, dehydro-
genation is usually limited at increasing tem-
peratures, as oxygen becomes less soluble and,
hence, less available in the cell cytoplasm. On
this basis, it could be hypothesized that the
decrease of MUFA content in expellers in rela-
tion to the original seeds was due to the effect
of temperature during the oil extraction
process. The pressing session influenced sig-
nificantly (P<0.05) only the SFA content and
the ratio between the SFA and unsaturated
fatty acids, thereby causing it to be higher in
the second pressing session compared to the
others. The results of this trial (Table 2) also
revealed that the amount of peroxides marked-
ly (P<0.01) increased passing from canola
seeds to expellers (on average 1.60 vs 4.97
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Table 1. Chemical composition of canola seeds and canola expellers before storage (t=0)
in the three pressing sessions. 

                                                                                       Canola seeds                                       Canola expellers
                                                                                   Pressing session                                    Pressing session
                                                                               1                  2                    3                        1                 2                 3

Dry matter, %                                                   94.1             93.8               94.1                   92.4            92.2            92.5
Ether extract, % DM                                      42.2             46.3               44.7                   17.5            19.1            18.7
Crude protein, % DM                                     20.6             20.3               20.5                   30.7            30.6            30.9
Neutral detergent fibre, % DM                   27.6             25.8               26.9                   21.1            19.8            21.4
Ash, % DM                                                         4.3               4.2                 4.2                     6.3              6.2              6.4
Non-structural carbohydrates, % DM         5.3               3.4                 3.7                    24.4            24.3            22.6

DM, dry matter. 
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mEq O2/kg fat, for seeds and expellers, respec-
tively). Läubli and Bruttel (1986) observed that
the formation of peroxides is enhanced by tem-
perature, so it could be hypothesized that the
increased content of peroxides in the expellers
was related to heat which was emitted from
the pressing of the seeds. On the contrary, per-
oxide values were not influenced (P=0.21) by
pressing session, because increasing values
observed for seeds, passing from first to third
pressing (from 1.29 to 2.05 mEq O2/kg fat),
were compensated by decreasing values found
for expellers (from 7.13 to 3.24 mEq O2/kg fat),
and because these values were extremely vari-
able (SEM=0.618). Magnitude of differences
observed for peroxide values of seeds among
pressing sessions seem to confirm that these
differences could be mainly attributed to an
heterogeneous distribution of seeds into the
silo rather than to changes in chemical compo-

sition during the storage into the silo. 
The lack of significant effects due to the

pressing session on the fatty acid profile pro-
vides evidence that the cold extraction proce-
dure had a satisfactory degree of standardiza-
tion. On the other hand, the presence of
notable effects due to the feed seems to sug-
gest that the pressing procedure changed sig-
nificantly the fatty acid profile of expellers
compared to that of original seeds. To date,
there has been relatively little investigation on
the effects of processing conditions on the
nutrient profile of expellers. Some authors
have found that processing can affect the con-
tent of glucosinolates (Newkirk and Classen,
2002; Seneviratne et al., 2011) and of amino
acids in residual expellers (Seneviratne et al.,
2011), whereas, to our knowledge, no informa-
tion is available on the possible effects on the
fatty acid profile of these by-products.

Considering the canola expellers after the
different storage conditions (Table 3), the
pressing session affected significantly both
the NDF (P<0.05) and the ash (P<0.01) con-
tents, but these differences were presumably
related to the fact that expellers derived from
various canola cultivars. As expected, the tem-
perature and time of storage affected signifi-
cantly the DM content of canola expellers with
a linear increase at increasing temperature
and storage length. In the current work, the
fatty acid profile of canola expellers (Table 4)
appeared to fall in line with the literature (on
average: C18:1, 55.5%; C18:2, 20.3%; C18:3,
6.3%). Deng and Scarth (1998) reported that
the conventional canola oil contains about 6%
SFA, 55-60% oleic acid, 20-26% linoleic acid,
and 8-10% �α-linolenic acid. The temperature
and length of storage affected significantly
only the PUFA content (P<0.05). During stor-
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Table 2. Least Square means: effect of feed and pressing session on fatty acid profile of canola seeds and canola expellers before storage
(t=0) in the three pressing sessions.

                                                                                     Canola seeds                                         Canola expellers                         SEM                                 P value
                                                                                  Pressing session                                    Pressing session                                                  Feed               Pressing session
                                                                        1                      2                      3                       1                  2                   3                                                                   

Fatty acids, g/100 g of fat
C14:0                                                            0.09                 0.09                 0.09                  0.07             0.11             0.12                0.005                  0.18                             0.06
C16:0                                                            7.63                 7.69                 7.38                  8.10             8.23             8.37                0.045                  0.57                             0.93
C18:0                                                            1.09                 1.09                 1.09                  1.50             1.10             1.09                0.045                  0.07                             0.06
SFA                                                               10.3                 10.3                 10.1                  11.3             12.1             11.3                0.221                <0.01                         <0.05
C18:1                                                            59.9                 59.4                 59.5                  56.1             56.1             56.0                0.532                <0.01                           0.10
MUFA                                                           64.5                 64.1                 64.4                  62.0             62.1             62.0                0.341                <0.01                           0.17
C18:2                                                            19.1                 19.3                 19.3                  20.4             19.4             20.4                0.163                <0.01                           0.26
C18:3                                                             6.2                   6.1                   6.2                    6.0               6.0                6.0                 0.010                 0.61                             0.07
PUFA                                                            25.3                 25.6                 25.5                  26.7             25.7             26.6                0.167                <0.01                           0.21
n-6                                                                19.0                 19.2                 19.2                  20.8             19.6             20.8                0.215                <0.01                           0.19
n-3                                                                 6.1                   6.0                   6.1                    6.1               6.1                6.1                 0.010                 0.45                             0.06

SFA/UFA                                                           0.11                 0.12                 0.11                  0.13             0.14             0.13                0.002                <0.01                         <0.05
MUFA/PUFA                                                    2.55                 2.51                 2.52                  2.33             2.41             2.33                0.027                <0.01                           0.40
n-6/n-3                                                              3.14                 3.17                 3.10                  3.38             3.20             3.38                0.034                <0.01                           0.28
Peroxides, mEq O2/kg fat                            1.29                 1.47                 2.05                  7.13             4.55             3.24                0.618                <0.01                           0.21
Kreis test                                                       Neg.               Neg.               Neg.                Neg.           Neg.            Neg.                  --                       --                                 --

SFA, saturated fatty acids; MUFA, monounsaturated fatt acids; PUFA, polyunsaturated fatty acids; UFA, unsaturated fatty acids; Neg., negative.

Table 3. Least Square means: effect of pressing session, storage temperature, storage length, and their interactions on chemical compo-
sition of canola expellers.

                                                                                  Pressing                       Storage                      Storage              SEM                             P value                     
                                                                                  session                    temperature                   length                                   S            T             L          S × T        S × L       T × L
                                                                              1          2           3        12°C    24°C   36°C     10 d    20 d    30 d           

Dry matter, %                                                 92.8     92.8     92.8       92.1      92.3     94.0      92.5    92.8    93.0      0.162         0.91      <0.01     <0.01       0.21           0.20        <0.01
Ether extract, % DM                                     18.2     18.8     19.4       18.8      19.2     18.5      19.0    18.3    19.1      0.245         0.19       0.51        0.38         0.27           0.50          0.27
Crude protein, % DM                                   30.9     30.8     31.2       30.8      31.0     31.1      31.0    31.0    31.0      0.062         0.07       0.17        0.97         0.56           0.40          0.73
Neutral detergent fibre, % DM                  21.4     20.5     21.1       21.3      21.2     20.6      20.9    20.9    21.2      0.130       <0.05    <0.05       0.34         0.14           0.32          0.38
Ash, % DM                                                       6.21     6.21     6.41       6.29      6.31     6.30      6.29    6.31    6.31      0.016       <0.01      0.68        0.68         0.20           0.32          0.40
Non-structural carbohydrates, % DM      23.2     23.6     21.9       22.9      22.3     23.5      22.8    23.5    22.3      0.117         0.08       0.27        0.28         0.44           0.85          0.44

DM, dry matter; S, pressing session; T, storage temperature; L, storage length. 
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age, peroxide values decreased linearly with
the increase in storage temperature (5.69,
4.21, 2.79 mEq O2/kg fat; P<0.01). Vázquez-
Añón and Jenkins (2007) observed that perox-
ide values similar to those found in this exper-
iment (3.5 mEq O2/kg fat) did not impair
rumen fermentation and microbial activity.
The same authors hypothesized that peroxide
values of 215 mEq O2/kg fat could be sufficient
to affect negatively the rumen function. On
this basis, it could be concluded that canola
expellers showed a good oxidative stability at
all temperatures and times of storage. This
pattern is also supported by the responses of
the Kreis test, that was negative for all samples
(Tables 3 and 4). In this experiment, the per-
manence of a good oxidative stability was pre-
sumably favoured by moderate temperatures
used. In this respect, Koski et al. (2002) found
that rapeseed oil stored at 70°C reached perox-
ide values of 70 mEq O2/kg fat within only 4
days. Naczk et al. (1998) indicated that rape-
seed and canola oil, compared to other
oilseeds, have the greatest content of phenolic
compounds with antioxidant properties (i.e.,
sinapic acid and tocopherols), and this argu-
ment was supported by several studies
(Bandoniene et al., 2000; Koski et al., 2002;
Amarowicz et al., 2003; Shen et al., 2012). The
presence of these compounds makes rapeseed
and canola oil more persistent to the occur-
rence of the oxidative process (Naczk et al.,
1998). In the current work, canola expellers

were not characterized for phenols, but it could
be supposed that these substances, being heat-
stable (Shen et al., 2012), contributed to pre-
serving the oxidative stability of expellers dur-
ing storage under different conditions.

Conclusions 

Under different temperatures (12, 24 and
36°C) and times of storage (10, 20 or 30 d),
canola expellers obtained from cold extraction
on farm did not show significant changes in
chemical composition and fatty acid profile,
and maintained a good oxidative stability, as
highlighted by the low peroxide values (<10
mEq O2/kg fat) and the negative response of
the Kreis test. From these preliminary results
it could be hypothesized that the storage of by-
products derived from the productive cycle of
biofuel is possible. Furthermore, canola
expellers tested in this experiment, despite
their great oil residual (from 17% to 19% EE on
DM basis), could be potentially used as animal
feeds, as the level of peroxides was definitely
under the threshold limit that would have led
to the impairment of the rumen function.
However, the latter hypothesis should be vali-
dated in vivo.
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Table 4. Least Square means: effect of pressing session, storage temperature, storage length, and their interactions on fatty acid profile of canola
expellers.

                                                                                      Pressing                         Storage                        Storage               SEM                               P value                       
                                                                                       session                      temperature                     length                                      S             T              L           S × T         S × L        T × L
                                                                                  1           2           3         12°C     24°C    36°C      10 d    20 d    30 d           

Fatty acids, g/100 g of fat                                                               
C14:0                                                                   0.07     0.18      0.11       0.07      0.20      0.08       0.10     0.10     0.18       0.032         0.60        0.38         0.89          0.62            0.61          0.51
C16:0                                                                    7.4        7.5        8.0         7.8        7.7        7.4         7.9       7.9       7.3         0.21         <0.05      0.34         0.14          0.28          <0.01         0.16
C18:0                                                                    1.4        1.0        1.2         1.4        1.0        1.2         1.1       1.2       1.2        0.044        <0.05      0.41         0.86          0.49            0.53          0.30
SFA                                                                      11.1     11.1      11.1       10.8      11.0      11.4       11.0     10.4     11.3       0.215         0.99        0.59         0.38          0.32            0.80          0.67
C18:1                                                                   54.7     55.9      56.0       56.2      55.7      54.8       55.4     55.7     55.0       0.286         0.16        0.20         0.64          0.30            0.44          0.43
MUFA                                                                 61.8     62.1      62.0       62.2      62.0      61.7       61.9     62.3     61.7       0.163         0.81        0.53         0.66          0.26            0.87          0.67
C18:2                                                                   20.4     20.2      20.4       20.4      20.5      20.2       20.0     20.7     20.4       0.070         0.08      <0.01      <0.01        0.36          <0.01       <0.01
C18:3                                                                    6.4        6.2        6.2         6.2        6.3        6.3         6.2       6.3       6.5        0.067        <0.01      0.07        <0.05        0.24            0.53         <0.01
PUFA                                                                   27.1     26.7      26.8       26.9      26.9      26.8       27.0     27.2     26.9       0.096         0.20        0.88        <0.01        0.32            0.56          0.15
n-6                                                                       20.6     20.4      20.6       20.6      20.7      20.4       20.7     20.5     20.5       0.073         0.09      <0.01      <0.05        0.61          <0.01       <0.01
n-3                                                                        6.5        6.4        6.3         6.3        6.4        6.4         6.3       6.5       6.6        0.065         0.35        0.78         0.10          0.44            0.59          0.92
SFA/UFA                                                               0.12     0.12      0.12       0.12      0.12      0.13       0.12     0.12     0.13       0.003         0.99        0.58         0.40          0.32            0.69          0.77
MUFA/PUFA                                                         2.28     2.32      2.31       2.31      2.30      2.30       2.28     2.30     2.29       0.008        <0.05      0.62        <0.01        0.14            0.75          0.06
n-6/n-3                                                                  3.18     3.20      3.30       3.26      3.24      3.18       3.30     3.18     3.11       0.031         0.25        0.52         0.08          0.36            0.50          0.65
Peroxides, mEq O2/kg fat                                4.99     4.31      3.38       5.69      4.21      2.79       4.12     4.17     3.66       0.374        <0.01     <0.01        0.06          0.30          <0.01         0.06
Kreis test                                                           Neg.    Neg.     Neg.      Neg.     Neg.     Neg.      Neg.   Neg.    Neg.          --               --            --             --              --                --               --

S, pressing session; T, storage temperature; L, storage length; SFA, saturated fatty acids; MUFA, monounsaturated fatt acids; PUFA, polyunsaturated fatty acids; UFA, unsaturated fatty acids; Neg., negative.
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