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Due to the widely supported theory of bovine spongiform encephalopathy (BSE) spread in cattle by contaminated animal
feeds, screening of feed products has become essential. For many years, manufacturers have used blood and plasma proteins
as high quality ingredients of foods for both pets and farm animals. However, in Europe, the Commission Regulation
1234/2003/EC temporally bans the use of processed animal proteins, including blood-derivative products, in feedstuffs for
all farm animals which are fattened or bred for the production of food. This regulation has some exceptions, such as the use
of non ruminant blood products into the feed of farm fish. Authorization of the re-introduction of these proteins into animal
feed formulations, especially non ruminant proteins into the feed for non ruminant farm animals, is expected when adequate
control methods to discriminate ruminant proteins exist. Currently, the number of validated methods to differentiate the
species of origin for most of the animal by-products is limited. Here we report the development of a rapid and sensitive
polymerase chain reaction (PCR)-based assay, which allows detection of bovine or porcine specific mitochondrial DNAfrom
spray-dried blood derivate products (plasma, whole blood and red cells), as a marker for bovine contamination in porcine
products. Sample extracts, suitable for PCR, were easily and quickly obtained with the commercial PrepManTM Ultra reagent
(Applied Biosystems). To confirm the porcine origin of the samples, primers targeting a specific region of 134 bp of the
porcine cytochrome b coding sequence were designed (cytbporc1-F and cytbporc2-R). Previously published PCR primers
(L8129 and H8357), specific for a 271 bp fragment of the bovine mitochondrial ATPase 8-ATPase 6 genes, were chosen to
accomplish amplification of bovine DNA. The limit of detection (LOD) of the bovine PCR assay was at least of 0.05% (v/v)
of bovine inclusion in spray-dried porcine plasma or red cells fraction. In dried whole blood samples, sensitivity of the
method was found to be at least of 0.1 % (v/v). Since the method described here exhibits high specificity and sensitivity and
it is rapid, simple and consistent, it could be successfully utilized as a routine control assay to evaluate the presence of bovine
materials in spray-dried blood products.
Keywords. Bovine spongiform encephalopathy, species identification, blood products, spray-dried blood products,
polymerase chain reaction, mitochondrial DNA.

1. INTRODUCTION
Blood products like spray-dried blood, plasma or red
cells have been recognized as a source of proteins with
good amino acid profile and digestibility, and
therefore considered as of high nutritional value for
their use as ingredients in farm animal diets for years.
Spray-dried porcine plasma has been recommended
during years to improve the growth and conversion
index in weaning piglets, especially under high
pathogen environment (Coffey, Cromwell, 1995; Van
Dijk et al., 2001). Recently, efficient replacement of
growth promoters by spray-dried porcine plasma in

the weaning period diets, without reduction on the
productive parameters of the farm, has been
demonstrated (Torrallardona et al., 2003).
However, in Europe, the Commission Regulation
1234/2003/EC temporally bans the use of processed
animal proteins, including blood-derivative products,
in feedstuffs for all farm animals which are fattened or
bred for the production of food, with some exceptions,
like the authorization of the use of non ruminant blood
products and blood meal into the feed of farm fish.
Authorization of the re-introduction of these proteins
into animal feed formulations, especially non
ruminant proteins into the feed for non ruminant farm
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animals, is expected when adequate control methods
to discriminate ruminant proteins exist.
Traditionally, species identification in animal byproducts, as well as detection and identification of
constituents of animal origin in feed or food, has been
established through different methods, mainly based
on:
a) the analysis of proteins (electrophoretic, isoelectric
focusing, immunochemical and HPLC methods)
(Martin et al., 1991; Zerifi et al., 1991; Cutrufelli
et al., 1993; Knuutinen, Harjula, 1998);
b) fatty acids identification (Verbeke, De Brabander,
1980);
c) DNA analysis (Meyer et al., 1994; 1995; Rehbein
et al., 1997);
d) microscopic detection of specific structure elements
(Koolmees, 1999).
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high throughput analysis of samples and providing
reliable species identification of blood products, are
urgently required to allow the re-introduction of these
proteins into animal feed formulation.
The aim of the present work was to develop an
easy, sensitive and accurate test, based in speciesspecific mtDNA amplification, to detect the presence
of bovine contamination in spray-dried porcine blood
derived products. The study was also intended to
establish the limit of detection (sensitivity) of the PCR
method developed. Comparison of positive detection
of bovine presence in blood derived samples between
the PCR method described here and the Agar Gel
Immunodiffusion technique (AGID) recently reported
(Polo et al., 2004) was also considered.
2. MATERIALS AND METHODS

Successful detection of the species of origin
depends on how the assay has been conducted and on
the previous treatment imposed to the animal byproducts.
In general, mitochondrial DNA (mtDNA) based
PCR methods have given quite good results in the
analysis of critical samples (submitted to moderate or
severe temperature and pressure treatments) in which
DNA has been partly degraded (Tartaglia et al., 1998;
Wang et al., 2000; Bellagamba et al., 2001; Myers
et al., 2001; Bellagamba et al., 2003; Bottero et al.,
2003; Kromar, Rencova, 2003; Rodriguez et al.,
2004). PCR primers designed on the basis of
sequences of short interspersed repetitive elements
(SINEs) have also been successfully used to detect
tiny contamination levels of feed by animal material
(Tajima et al., 2002). Recently, with the emergence of
the real-time PCR technology, PCR designs on
mitochondrial encoded targets (Lahiff et al., 2002) or
in nuclear sequences (Brodmann, Moor, 2003) based
on the use of Taqman probes, have been reported for
bovine detection in meat products, meat and bone
meal (MBM) and in feedstuff containing animal
MBM.
In spite of the important efforts done in the last
years to improve existing procedures and to develop
new techniques for animal detection in feedstuffs, the
only official method currently approved by EU is
microscopic detection (2003/126/EC Directive). This
method is laborious, requires skills and has a low
throughput. It may differentiate the tissue origin of the
animal by-product (hair, MBM, feather meal, fish
meal, blood meal, blood products, etc.) but is unable to
identify the species of origin.
As far as we know, few reports of species
identification in blood-derived products are available
(Etzel et al., 1997; Newgard et al., 2002; Polo et al.,
2004). Nevertheless, rapid control methods, capable of

2.1. Samples
Three kinds of blood-derived products were used:
spray-dried animal plasma (SDAP), spray-dried
animal whole blood (SDAWB) and spray-dried animal
red cells (SDARC). Detailed description of the
method to produce the spray-dried blood products will
be found elsewhere (Polo et al., 2004). Whole blood
prepared liquid samples, as well as plasma and red cell
fractions obtained after centrifugation at 3000 rpm for
15 min (Sorvall RC-5B, New York, USA), were dried
using a laboratory spray-dryer (Büchi 190 Mini Spray
Dryer, Büchi Laboratoriums-Technik AG, Flawil,
Switzerland) following the conditions reported by
Polo et al., 2004.
Thirteen samples of SDAWB and 20 of SDAP of
porcine origin with different levels of bovine inclusion
ranging from 0 to 1% (v/v) were analysed in the
present study. Pure bovine SDAWB and SDAP
samples (two of each) were also included as positive
controls. The whole aforementioned products were
part of the samples previously analyzed by AGID
technique (Polo et al., 2004).
Moreover, 18 SDARC samples, including one of
pure bovine origin and 17 of porcine origin (with
bovine inclusion ranging from 0 to 20%, v/v), were
subjected to study.
2.2. DNA extraction
The DNA preparation procedure, based on the use of
PrepMan ΤΜ Ultra Sample Preparation Reagent
(Applied Biosystems, Foster City, USA), was
optimized as follows. Extraction samples consisted of
200–400 mg of SDAP, SDAWB or SDARC. Each
sample was added to 4 to 8 ml of milliQ water (2 ml of
milliQ water per 100 mg of sample) and vigorously
vortexed to obtain a suspension. A 1.5 ml aliquot (for
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SDAWB) or a 3 ml aliquot (for SDAPand SDARC) of
the obtained suspension was centrifuged at 12000 x g
for 3 min and the supernatant was removed. The pellet
was subsequently incubated with 100 µl (for SDAWB)
or 200 µl (for SDAP and SDARC) of PrepManTM
Ultra reagent (Applied Biosystems) at 100ºC for
10 min and digested material was centrifuged at
12000 × g for 3 min. Cleared supernatant from each
preparation was recovered, placed in a fresh
microcentrifuge tube and stored at –20ºC till PCR was
accomplished.
To prevent DNA contamination, extractions were
carried out in a dedicated laboratory room. PCR
preparations and post-PCR analyses were also carried
out in separate rooms.
2.3. PCR amplification
Porcine specific PCR primers were designed from
porcine mtDNA sequence available in the GenBank
database (AF034253). The primer sequences used
were as follows: cytbporc1-F (forward; 5’-GGA GTC
TTG GCC CTA GTA GC-3’) and cytbporc2-R
(reverse; 5’-GTA ATG AGG TCT GCT ACT AGT
TAT-3´). Previously published PCR primers (L8129
and H8357) specific for a 271 bp fragment of the
bovine mitochondrial ATPase8-ATPase6 gene
(Tartaglia et al., 1998) were chosen to accomplish
specific amplification of bovine DNA. All primers
were purchased from TIB MOLBIOL Syntheselabor
(Berlin, Germany).
PCR amplifications were carried out using PCR
Core Kit Plus (Roche Diagnostics, Mannheim,
Germany) in a final reaction volume of 20 µl. Each
reaction contained 2,5 mM MgCl2, 1 x PCR reaction
buffer, 250 nM of each appropriate species-specific
forward and reverse primer, 2 units of Taq DNA
polymerase, 0.5 units of Uracil DNA glycosylase heat
labile, 200 µM of each dATP, dCTP, dGTP, 600 µM
dUTP and 1 µl of DNA extract from spray-dried
plasma, blood or red cells as template. The use of
dUTP/Uracil DNAglycosylase in each reaction allows
eliminating dUMP containing amplicons avoiding the
risk of carryover contamination of previous PCR
(Longo et al., 1990). PCR reactions were performed
with GeneAmp PCR System 9700 (Perkin Elmer,
Applied Biosystems). After an initial incubation step
at 20ºC for 10 min (reaction of Uracil DNA
glycosylase) followed by a denaturation step at 94ºC
for 2 min (L8129 and H8357 primer set) or for 5 min
(cytbporc1-F and cytbporc2-R primer set), cycling
parameters were as follows: 35 cycles either at 94ºC
for 59 s, 58ºC for 30 s and 72ºC for 30 s for bovine
specific amplification or at 94ºC for 30 s, 53ºC for
30 s and 72ºC for 30 s for porcine specific
amplification with a final extension at 72ºC for 7 min
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in both cases. PCR negative and positive controls were
also included in parallel with each amplification set.
PCR products were analysed on a 1.8 % highresolution agarose (AG-500, Ecogen S.R.L, Spain) gel
electrophoresis containing ethidium bromide and
visualised with UV light. A molecular weight marker
(φ×174 DNA/Hae-III; Promega, Madison, USA) was
used to identify the PCR products sizes.

3. RESULTS AND DISCUSSION
3.1. Bovine and porcine specific mtDNA
amplification test
Spray-dried blood products contain a high level of
proteins, some of them being strong inhibitors of PCR
(e.g. haemoglobin); therefore different protocols have
been tested to prepare total DNA free of PCR
inhibitors. We found that the use of the commercial
PrepManTM Ultra reagent (Applied Biosystems) was
an easy, fast, effective and consistent method to obtain
sample extracts suitable to be used for the analysis of
DNA by PCR assays. Obtaining DNA extracts with
this procedure requires only few minutes, in contrast
to the overnight lysis incubations and the long ethanol
precipitation steps normally used in more
conventional DNA extraction protocols. The spraydrying procedure used for sample production, which
involves a moderately heat-treatment (Polo et al.,
2002), did not compromise the quality of the DNA
recovered by this method, that resulted suitable for
PCR analysis in all cases (Figures 1 and 2).
Amplification of porcine or bovine material was
accomplished with primers that targeted the mtDNA
in a species-specific way. Mitochondrial DNA was
chosen because its high number of copies per cell and
its quite high mutation rate, making mtDNA a
naturally amplified source of genetic variation. To
confirm the porcine origin of the samples, porcine
specific primers (cytbporc1-F and cytbporc2-R) were
designed from the mtDNA sequence with Genbank
accession number AF034253. Oligonucleotides
cytbporc1-F and cytbporc2-R generate a porcine
specific amplicon of 134 bp corresponding to a
segment of the cytochrome b coding sequence. As
expected, the absence of amplified product from pure
bovine plasma samples gives evidence of the
specificity of the porcine PCR test and that no cross
and/or carryover contamination occurred during the
procedure (Figure 1A). We used primers L8129 and
H8357 described by Tartaglia et al. (1998) to detect
the presence of bovine material in samples. The
specificity of the bovine specific primer pair was
evidenced by the absence of PCR product in DNA
from porcine origin (Figure 1B).
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Figure 1. PCR amplification of porcine (A) or bovine (B)
specific mitochondrial DNA using DNA extracts from
spray-dried porcine plasma with different spiking levels of
bovine material (from 0 to 1%, v/v).
Lanes: (1) molecular weight marker; (2-7, 9-11, 13-14)
dried porcine plasma containing 1, 0.1, 0.3, 0, 0.05, 0.5, 0.7,
0.9, 0.5, 0.05 and 0.3 % of bovine material, respectively;
(8 and 12) dried pure bovine plasma; (15) porcine DNA
used as positive PCR control in A and dried porcine plasma
containing 0.7% of bovine material in B; (16) bovine DNA
used as negative PCR control in A and as positive PCR
control in B and (17) porcine DNA used as negative PCR
control in B.

3.2. Detection of bovine contamination in spraydried porcine blood derivate products
Spray-dried plasma. The porcine specific PCR test,
using cytbporc1-F and cytbporc2-R primer pair,
produced amplicons of the expected size from all
porcine spray-dried plasma samples, confirming the
porcine origin and the suitability in PCR of DNA
extracts obtained from the plasma samples (data not
shown). Of the 22 samples of spray-dried animal
plasma (SDAP) analyzed in our study, only two,
corresponding to pure porcine SDAP, showed negative
results of PCR amplification with bovine specific
primer pair (L8129 and H8357). The remaining ones,
including two pure bovine spray-dried plasmas and 18
porcine plasmas with levels of bovine inclusion
ranging from 0.05 to 1% (v/v), gave positive
amplification with bovine species-specific PCR assay
(Table 1).
Typical results of some SDAP samples of porcine
origin with bovine inclusion levels ranging from 0 to
1% (v/v) are illustrated in figure 1. Porcine and
bovine specific amplicons of 134 bp and 271 bp are
showed in figure 1A and figure 1B, respectively. The
detection limit (lower percentage producing visible

Figure 2. Sensitivity screening of PCR method to detect
bovine presence in porcine spray-dried red cell samples.
Bovine species-specific amplicon of 271 bp was detected
with L8129 and H8357 primer pair.
Lanes: (1 to 8) spray-dried porcine red cells containing 0,
0.05, 0.1, 0.3, 0.5, 0.7, 0.9, and 1% of bovine material; (9)
pure bovine dried red cells; (10) spray-dried porcine red
cells containing 5% of bovine material; (11) bovine DNA
used as positive PCR control and (12) PCR negative
control.

Table 1. Frequency of positive detections of different
spiking levels of bovine material in spray-dried porcine
plasma or whole blood, depending on the method used to
detect contamination (AGID or PCR).
Bovine inclusion
level (% v/v)

Porcine blood product analytical
sample source
Spray-dried
Spray-dried
plasma
whole blood
PCR AGID
PCR AGID

0.00
0.05
0.10
0.30
0.50
0.70
0.90
1.00
100.00

0/2
2/2
2/2
3/3
3/3
3/3
3/3
2/2
2/2

0/16
0/16
1/16
11/16
15/16
16/16
16/16
16/16
16/16

0/1
2/2
2/2
2/2
2/2
2/2
2/2
2/2

0/13
0/13
8/13
10/13
13/13
13/13
13/13
13/13

DNA amplification) of the bovine specific PCR test
was at least of 0.05% of bovine plasma in porcine
plasma (Figure 1B, lanes 6 and 13).
As mentioned above, all SDAP samples analyzed
by bovine specific PCR test in the present study were
part of those analyzed by the AGID method previously
reported (Polo et al., 2004). Comparison of the results
obtained with the PCR method described here and
with the AGID technique is showed in table 1. The
detection of bovine material in SDAP porcine samples
by AGID shows a LOD of 0.5% (v/v) of bovine
plasma in porcine plasma in 15/16 of the samples
analyzed and of 0.7 % (v/v) in all samples studied
(16/16). The sensitivity of the bovine PCR assay
increases the detection of bovine material in SDAP
samples to at least 0.05% (v/v).
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Spray-dried whole blood. Fifteen spray-dried animal
whole blood (SDAWB) samples were analyzed by
PCR with the porcine and bovine specific primers.
Porcine origin of 13 samples was confirmed using
cytbporc1-F and cytbporc2-R primer pair (data not
shown). Positive detection of bovine was obtained in
12 porcine SDAWB samples with bovine inclusion
levels ranging from 0.1 to 1 % (v/v) and also in two
pure bovine dried whole blood samples by bovine
specific PCR test (Table 1). The sensitivity of the PCR
method to detect bovine contamination was found to
be at least 0.1% of bovine whole blood in porcine
whole blood (Table 1).
The SDAWB samples included in this study were
also analyzed by Polo et al. (2004), so a comparison of
positive detection of different levels of bovine
inclusion in whole blood samples depending on the
method used was possible. PCR is certainly more
sensitive in SDAWB samples than the AGID method;
at least seven fold higher (LOD of 0.1% versus 0.7%,
if we consider 100% of success, respectively).

4. CONCLUSIONS
Here we report a method that, coupling the specificity
and sensitivity of the PCR and the efficiency of
Prepman Ultra for nucleic acid preparation, allows
rapid detection of bovine or porcine specific mtDNA
from spray-dried animal blood products, as a marker
for bovine contamination in porcine products.
Despite the low level of DNAmolecules recovered
and the considerable degradation of nucleic acids, that
is expected to occur in the rendering process of
samples, the method developed was able to amplify
the mtDNA molecules extracted from spray-dried
blood derived products. The amplification of the
mtDNA regions selected fits our purposes because of:
a) the high number of copies per cell of mtDNA
(conferring sensitivity);
b) its mutation rate, which induces genetic interspecies
variation (confers specificity); and
c) the length of amplicons (that are short enough to
allow amplification from mildly degraded DNA).

Spray-dried red cells. A total of 18 spray-dried
animal red cells (SDARC) samples were analyzed by
the PCR method described here to detect bovine
contamination. One sample, corresponding to pure
bovine SDARC, and 15 of porcine origin with
different levels of bovine inclusion (from 0.05 to 20%)
produced a bovine specific amplicon of the expected
size, the remaining two, corresponding to pure porcine
SDARC, as expected, failed to produce specific
bovine amplification (data not shown). Confirmation
of porcine origin of the aforementioned samples was
accomplished by porcine specific PCR assay (data not
shown).
Sensitivity of bovine specific PCR test in SDARC
samples is illustrated in figure 2. The LOD was at
least of 0.05% of bovine red cells in porcine red cells
(v/v). It was observed that the lower the percentage of
bovine inclusion in the porcine red cells, the fainter the
band obtained in PCR; nevertheless saturated signal
was quickly observed (between 0.5 and 0.7% of
bovine presence in porcine red cells). Most of the
analytical methods available are based on immune
identification of blood proteins mainly present in the
plasma fraction, like IgG and others. Therefore, these
techniques are unable to identify the presence of
bovine contamination in the red cells fraction due to
the lack of immuno-reactivity. The use of the specific
PCR to identify the presence of bovine contamination
in blood products derived from the red cells fraction,
like SDARC, provides a strong tool to guarantee the
identification of bovine contamination in the different
range of blood products that could be obtained
following the processing conditions established in the
Regulation 1774/2002/EC.

The LOD of the bovine specific PCR assay was at
least of 0.05% (v/v) of bovine inclusion levels in
spray-dried animal plasma or red cells fraction. In
spray-dried whole blood samples, sensitivity of the
method was found to be at least of 0.1 % (v/v), lower
inclusion levels where not tested.
Our method is more sensitive than the automated
turbidimetric immunoassay technique of bovine IgG
quantification (Etzel et al., 1997), which is accurate to
2.5% (v/v), and even more than the AGID assay (Polo
et al., 2004), which detect the presence of bovine IgG
in porcine SDAP or SDAWB at inclusion levels of
0.5% (v/v). In a European Commission report on
cross-contamination of ruminant feed with
mammalian MBM, dated September 24, 1998,
Commission stated that contamination levels >0.5%
MBM in ruminant feedstuffs should be prevented. If
this level should be considered as a guideline for the
European Commission’s level of acceptability, the
method described here is suitable for determining that
spray-dried blood products meet the guideline.
Of special relevance is the fact that all the types of
spray-dried blood derived products tested (plasma,
whole blood and red cells fraction) were suitable for
analysis of bovine and porcine specific detection by
PCR. This technique was used to confirm that more
than 70 lots of porcine spray-dried plasma
manufactured in APC Europe, S.A. (Spain) were
under the limit of detection of bovine material
presence (< 0.05%; v/v). The PCR method described
is reliable, highly sensitive, rapid and inexpensive. In
our opinion, this technique could be used successfully
as routine control assay to evaluate the presence of
bovine materials in spray-dried blood products.
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