
Original article

Targets and methods for the detection of processed

animal proteins in animal feedstuffs

Mark T. Muldoon,* Dale V. Onisk, Michael C. Brown & James W. Stave

Strategic Diagnostics Inc., 128 Sandy Drive, Newark, DE 19713, USA

(Received 20 March 2004; Accepted in revised form 13 April 2004)

Summary Bovine spongiform encephalopathy (BSE), or �mad cow disease�, is one of several

transmissable spongiform encephalopathies (TSEs) known to affect certain mammals and

is spread through the ingestion of infected animal tissue. It is believed that the inadvertent

contamination of meat and bone meal (MBM) with infected animal tissue and the

subsequent use of this material as a feed supplement contributed to the spread of the

disease in cattle. As a result, the use of processed animal proteins (PAPs) in animal feeds is

regulated in many parts of the world. Although feed testing is the only definitive means to

certify compliance, regulatory compliance often relies solely on paper certification.

Recently, rapid methods have become available that can be used by regulators to

determine compliance during routine inspections. We describe a rapid, immunochromato-

graphic strip test that can detect 0.1% MBM in animal feed. The test takes 15 min to

perform and large numbers of samples can be screened for PAPs simultaneously.
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Introduction

Transmissible spongiform encephalopathies

(TSEs) are degenerative, neurological disorders

found to affect various mammalian species.

Bovine spongiform encephalopathy (BSE), also

known as �mad cow disease�, is one of several

known TSEs. In addition to BSE, other examples

of TSEs include scrapie (sheep and goats), chronic

wasting disease (elk and deer), feline spongiform

encephalopathy (cats), Creutzfeldt–Jakob disease

(humans) and variant Creutzfeldt–Jakob disease

(vCJD) (humans). Most animal health experts

believe that TSEs are transmitted from animal to

animal through the ingestion of infected tissue

from a diseased animal. The infective agent that

causes TSEs is believed to be an abnormal prion

protein found predominantly in the nervous

tissues (e.g. brain and spinal column) of infected

animals (Prusiner, 1998).

The first case of BSE was reported in the UK in

1986. Since then, over 180 000 cases of BSE have

been reported, 95% of them from the UK (OIE,

2004). A rare human form of the disease, variant

vCJD in humans has been linked to the consump-

tion of beef from infected cattle. There have been

just over 150 cases of vCJD reported worldwide,

primarily in Europe (UK Department of Health,

2004).

The widespread use of meat and bone meal

(MBM), a product of the animal rendering indus-

try, as an inexpensive and readily available protein

supplement in livestock feeds, is believed to have

contributed to the spread of the disease in Europe

(Nathanson et al., 1997). This began with the

inadvertent introduction of contaminated rumin-

ant parts into the rendering process. As a precau-

tionary measure in Europe, since 1986, over

5 million head of cattle have been destroyed in

order to slow the spread of the disease.
*Correspondent: Fax: 302 456 6784;

e-mail: mmuldoon@sdix.com

International Journal of Food Science and Technology 2004, 39, 851–861 851

doi:10.1111/j.1365-2621.2004.00858.x

� 2004 Institute of Food Science and Technology Trust Fund

User
Key 2017



Many regulations have been put in place to

prevent the introduction and spread of BSE in

various regions. In Europe, most processed animal

proteins (PAPs) are prohibited for use in animal

feed. Similar prohibitions are in place in Japan. In

the US, where BSE was previously not found until

2003, a regulatory �firewall� system was implemen-

ted which included a ban on the importation of

live ruminants (e.g. cows, sheep, goats, elk and

deer) and ruminant by-products from countries

with confirmed cases of BSE or countries that

posed a potential risk of harbouring BSE. In 1997,

federal regulations were put in place that banned

the use of most mammalian protein products for

inclusion in feed for cattle and other ruminants.

Specific exceptions to the mammalian protein

prohibition include pure pork or horse products

from certified rendering facilities, milk and milk

products, and gelatin.

Compliance with US feed regulations is deter-

mined primarily through documentation and on-

site inspections of rendering facilities and feed

mills. Currently, there are no mandates in place

that require the routine testing of ruminant feed

for prohibited materials. In 2002, an independent

report by the US General Accounting Office (US

GAO, 2002) identified several key deficiencies in

the US system that need to be addressed in order

to ensure an effective BSE prevention and control

system. These included infrequent US Food and

Drug Administration (FDA) inspections and a

lack of enforcement activities. Currently, in the

US, compliance has been reported to be greater

than 99% (FDA-CVM, 2003).

Despite the reliance on �paper certification� to
determine regulatory compliance, direct testing of

feed and feed components is the only definitive

means to verify compliance. Recently, rapid feed

testing methods have become available that could

be used by state and federal regulators to verify

compliance during routine inspections. Further-

more, there is increased incentive in the feed

industry for quality control testing and certifica-

tion of finished feeds and feed ingredients.

Critical control points for testing may occur at

rendering plants, feed mills, feed lots, and dairies,

as well as being required by beef buyers and

retailers.

One of the drawbacks of current testing

methodologies is that no single test can determine

regulatory compliance. This is complicated by

regional exceptions to the prohibition of mam-

malian proteins in ruminant feed. For instance, a

polymerase chain reaction (PCR)/DNA-based

test designed to detect the presence of bovine-

derived materials (Tartaglia et al., 1998) may not

be able to distinguish between bovine MBM

(prohibited) and bovine milk products (non-

prohibited). Similarly, a test that is designed to

detect mammalian species cannot necessarily

distinguish between pork products from a mixed

species rendering facility (prohibited) or a pork-

only rendering facility (non-prohibited). The

development of a sensitive test for ruminant

(e.g. cow, sheep, goat, deer and elk) materials is

complicated by the lack of a suitable ruminant-

specific marker that is present in the sample in

sufficient concentration.

Feed microscopy is the only validated and

accepted method for the analysis of feed for PAPs

(Gizzi et al., 2003). The method is based on the

visual identification of animal-specific tissues in

the feed (e.g. hair, bones, feathers and fish scales).

Feed microscopy can distinguish between mam-

mal, bird and fish but it is considerably more

difficult to distinguish between species within each

group. The method is not suited for the analysis of

large numbers of samples as sample throughput is

relatively low (see Table 1).

A useful strategy for compliance monitoring

could comprise a system of screening and confir-

mation analysis. A rapid, low cost field method

could be used to identify presumptive positives

and only those samples identified by the screen-

ing method would be confirmed using the lab-

based confirmatory method. The screening test

would need to be broadly reactive to a wide

range of prohibited materials, demonstrate good

sensitivity (e.g. 0.1%), be low cost and easy to

use in the field. Conceptually, there could be

specific regional considerations or quality control

applications where multiple tissue or species-

specific tests might be incorporated into the rapid

test format. Such example targets may include:

bovine bone, muscle, blood, or milk; or perhaps

pork or poultry-specific proteins. Given the

apparent need for rapid screening tests, we

undertook the development of a rapid immuno-

chromatographic test strip for the detection of

MBM in animal feed.
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Materials and methods

Monoclonal antibody development

Monoclonal antibodies (MAbs) were generated

using standard cultural methods (Kearney et al.,

1979). Briefly, a crude 10% (w/v) MBM extract

was prepared by adding 2.5 g bovine MBM from

a commercial source to 25 mL of 50 mm Tris, pH

8, containing 10 mm EDTA. The extract was

boiled and centrifuged at 5000 · g for 30 min,

then the supernatant from this solution was

diluted in complete Freund’s adjuvant to prepare

a 1:1 solution of supernatant:adjuvant. Mice were

immunized by injection of 0.2 mL solution of

supernatant:adjuvant. Mice received two booster

injections of the same extract/adjuvant at 1 and

2 months after initial injection. Three months

after initial immunization, spleen cells were har-

vested for cell fusion with myeloma cell line

P3X63Ag8,653. Hybridomas that demonstrated

specific antibody production were cloned, expan-

ded and stored frozen for future production.

Processed animal protein samples

Meat and bone meal (bovine, porcine and ovine)

and processed poultry product (poultry meal,

feather meal) samples were obtained from com-

mercial meat rendering operations. Fish meal

samples were obtained from commercial fish meal

processing facilities as well as Sigma (F-6381; St

Louis, MO, USA). MBM samples that were

processed at various rendering temperatures were

from Veterinary Laboratories Agency (VLA),

Department for Environment Food and Rural

Affairs (DEFRA), Luddington, UK.

Animal tissue samples

Chicken muscle (breast), bovine muscle (leg), and

bovine connective tissue were obtained from a

grocery store. Bovine connective tissue was

obtained by purchasing a leg bone, removing

�gristle� from the leg bone and cutting away all

muscle from the cut samples and using the gristle

as bovine connective tissue). Samples were stored

frozen and thawed prior to use. Dried pig ear

and bovine hoof were obtained from a pet store.

Prior to processing, pig ears and bovine hoof

were ground to a powder and wet with water to

make a thick slurry. Tissue samples (without

homogenization) were placed in loosely wrapped

foil packets inside an autoclave bag and auto-

claved for 2 h at 121 �C (slow exhaust), except

that for dried pig ear, one sample was auto-

claved, while the other was not. During autocla-

ving most of the fat content drained from the foil

packets and was discarded. After autoclaving, the

samples were dried overnight at 80 �C in a forced

air oven. Samples that had not previously been

ground were then finely ground using a mortar

and pestle and stored at room temperature prior

to use.

Fresh whole pig ear (raw) was obtained from a

local slaughtering plant within 24 h after slaugh-

ter. Within 48 h after slaughter, portions of the pig

ear was skinned and portions of the cartilage were

removed such that separate samples of whole ear,

skin and cartilage were obtained. Portions of each

of the three sample types were separately wrapped

loosely in aluminium foil packets that were, in

turn, placed in a vial, and autoclaved at 132 �C for

2 hrs. Other portions of each of the three sample

types were not autoclaved. Raw and autoclaved

Table 1 Test methods currently

available for the detection of

processed animal proteins in

animal feed

Method

Sensitivity

(%) Specificity

Sample

throughput

Equipment

requirements Training

Microscopy 0.1–0.05 Mammalian vs.

avian vs. fish

1–10/day Specialized Specialized

Spectroscopy 1.0–0.1 Non-specific 1–10/day Specialized Specialized

Immunoassay

ELISA 0.1–0.05 Can be species-

specific

100s/day Specialized Specialized

Rapid tests 1.0–0.05 Can be species-

specific

100s/day Not required Minimal

PCR 0.1–0.05 Species-specific 1–10/day Specialized Specialized
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samples of whole ear, skin and cartilage were diced

into small pieces (5–20 mm2).

Purified proteins

Type I and II collagens (chicken) were obtained

from Chemicon (Temecula, CA, USA; CC090 and

CC092, respectively). Aggrecan (bovine, A-1960),

laminin (human, L-6274) and fibronectin (bovine,

F-1141), type III collagen (bovine, C-3511), gela-

tin (bovine, G-9382), elastin (bovine, E-6527),

actin (bovine, A-3653), and myosin (chicken,

M-7266) were obtained from Sigma. KNOX

Gelatin (Nabisco, Inc., Parsippany, NJ, USA)

was purchased at a grocery store. Troponin I

(bovine) was from Life Diagnostics (West Chester,

PA, USA; 3310). Keratin powder was obtained

from ICN Biomedicals, Inc., (Aurora, OH, USA;

902111).

ELISA sample extraction protocol

Processed animal protein and tissue samples

were extracted with a 10-fold excess volume of

1 m NaCl (i.e. 1 g tissue or protein and 10 mL

1 m NaCl) by hand shaking. After 1 min of

settling, the supernatant was used for sample

analysis. The MBM extract was tested by a BCA

protein assay (Pierce, Rockford, IL, USA; cat

no. 23235) and found to contain 10–20 mg mL)1

of protein.

Direct bind ELISA procedure

The extract supernatant was diluted to 5 lg mL)1

in 0.1 m carbonate buffer. Microtitre plates were

coated with 100 lL per well of the MBM extract.

The plates were incubated overnight at 4 �C and

then washed with PBS containing 0.05% (v/v)

Tween-20 (PBS-T). Plates were blocked with

120 lL PBS-T containing 1% casein (PCT) for

1 h at room temperature and washed with PBS-T.

One hundred microlitres per well of purified MAb

(using the Protein A method) were added and the

plates incubated for 1 h at room temperature and

then washed. Rabbit anti-mouse IgG conjugated

to horseradish peroxidase (Jackson Immunore-

search, West Grove, PA, USA; 315-035-003)

diluted in PCT was added to the wells and the

plate was incubated for 1 h at room temperature.

The plates were washed. One hundred microlitres

per well of tetramethylbenzidine (TMB, Moss, Inc.

Pasadena, MD, USA) were added to the plates

and colour development was measured at 650 nm

using a microtitre plate reader.

Sandwich ELISA procedure

Sample extracts and purified proteins were tested

for reactivity by sandwich ELISA. Microtitre

plates were coated with 100 lL per well purified

MAb in PBS. The plates were incubated overnight

at 4 �C then washed with PBS-T. The plates were

blocked with 200 lL of assay buffer (PBS contain-

ing 0.1% BSA and 0.1% Tween-20), incubated for

1 h at room temperature and washed. Samples

were incubated on plates for 1 h at room tempera-

ture and the plate was then washed. One hundred

microlitres per well of MAb-biotin conjugate

diluted in assay buffer was added and the plate

was incubated for 1 h at room temperature and

then washed. One hundred microlitres per well of

streptavidin-horseradish peroxidase (Zymed, San

Francisco, CA, USA; 43-8323) diluted in assay

buffer was added and the plate was incubated for

1 h at room temperature. TMB was added to the

plates and colour development was measured at

650 nm using a microtitre plate reader.

Rapid immunochromatographic test strip

Anti-MBM MAb (test line) and goat anti-mouse

IgG (Lampire Biological Labs, Pipersville, PA,

USA) was deposited onto nitrocellulose mem-

branes (Millipore, Bedford, MA, USA) using a

Biodot XYZ3000-dispensing platform sprayer

(Irvine, CA, USA) at a rate of 1 lg cm)1. Anti-

MBM MAb was conjugated to colloidal gold

(BBI, Cardiff, UK) using standard methods

(Beesley, 1989) and dried onto polyester pads

(Ahlstrom, Mt Holly Springs, PA, USA). Sprayed

nitrocellulose membrane and MAb-gold-treated

polyester pads were laminated onto plastic back-

ing. A sample filter paper was placed below the

gold pad at the sample application end of the strip.

A wicking paper was placed above the membrane

to facilitate continuous capillary flow. The assem-

bly was cut into test strips using a guillotine cutter.

For sample analysis, the test strip was placed

into the liquid sample extract and allowed to

Detection of processed animal proteins in animal feedstuffs M. T. Muldoon et al.854

International Journal of Food Science and Technology 2004, 39, 851–861 � 2004 Institute of Food Science and Technology Trust Fund



develop for 10 min. Following 10 min, the test

strip was removed from the sample and the results

were interpreted. If one line is present (at the

control zone), the result is negative. If two lines are

present, the result is positive.

Rapid feed extraction method

One to 4 g of feed or feed ingredient sample was

placed into a 120-mL specimen cup. Feed-

ChekTM MBM Sample Buffer (28 mL, Part No.

7000202, Strategic Diagnostics Inc., Newark,

DE, USA) was added, the lid secured onto the

cup and shaken for 15 s. The rapid test strip was

placed directly into the liquid in the cup for the

analysis.

Feed samples

Negative control finished feed samples and feed

ingredients were from VLA, DEFRA, Ludding-

ton, UK. The samples were certified by the

provider to be negative for PAP products using

both microscopic and immunoassay methods

(ELISA and radial immunodiffusion).

Results and discussion

Antibody development and characterization

An aqueous extract of bovine MBM was used to

immunize mice for production of MAbs reactive to

components of bovineMBM. Using this approach,

MAbs were isolated that were highly reactive

to simple aqueous or water extracts of MBM.

Figure 1 shows representative MAb binding curves

on MBM extract-coated plates. Despite the inher-

ent complexity of the sample extract, the anti-

MBM MAbs demonstrated very high reactivity

which suggests that these antibodies recognized a

highly prevalent component of MBM. These

MAbs could be used for the development of a

highly sensitive test for MBM, capable of detecting

very low concentrations of bovine MBM (Fig. 2).

The reactivity of the anti-MBM MAbs were

further characterized with various animal tissues

to determine the component of MBM they were

reactive toward. Figure 2 shows the reactivity of

an anti-MBM MAb in a sandwich ELISA format

to various bovine, porcine, and chicken tissues as

well as commercially available protein prepara-

tions. The test was shown to be highly reactive

towards components found in pig ear and reac-

tivity was increased upon autoclaving the tissue.

Bovine connective tissue removed from bovine

bone was also highly reactive. Bovine and chicken

muscle showed much reduced reactivity as did

bovine hoof, purified keratin, and gelatin. The

finding that gelatin did not react with the test is

important as gelatin is not prohibited for use in

cattle feed.

Further characterization of anti-MBM reactiv-

ity was demonstrated by dissecting the pig ear and

evaluating reactivity. Soluble protein concentra-

tions in the sample extracts were determined using

the BCA method. Figure 3 shows the results from

this study. Anti-MBM MAb reactivity was asso-

ciated with the cartilage portion of pig ear. The

0

0.5

1

1.5

2

2.5

3

3.5

0.0001 0.001 0.01 0.1 1 10

Ab Concentration (µg mL–1)

O
D

 6
50

 n
m

Figure 1 Direct bind ELISA titra-

tion of various purified anti-bovine

MBM MAbs on a bovine MBM-

coated microtitre plate. MAb A:

closed circles; MAb B: closed

squares; MAb C: closed triangles.
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skin did not demonstrate significant reactivity. As

previously observed, autoclaving the tissue

appeared to increase reactivity with the antibodies.

The reactivity of the antibodies to specific

proteins that may be present in MBM was also

evaluated. Figure 4 shows the results of this study.

The anti-MBM MAb was highly reactive to the

connective tissue protein aggrecan (bovine), a

large (2500 kD) proteoglycan containing multiple

glycoaminoglycan side chains. Aggrecan is found

primarily in cartilagenous tissue (Hascall et al.,

1994).

The rapid immunochromatographic test strip

Typical test strip design (Fig. 5) utilizes analyte-

specific antibodies coated onto colloidal gold

particles (red in colour) as well as analyte-specific

antibodies immobilized onto a nitrocellulose mem-

brane (test line). The test works by immersing the

test strip into a liquid sample. Because of the high

capillary action of the various materials used for

constructing the strip, the sample wicks up the test

strip. As the liquid passes the gold pad, the

antibody-gold particles are suspended in the sam-

ple. If the sample contains the analyte of interest,

such as specific protein components of MBM, the

antibody-gold particles will bind to the analyte.

The liquid sample continues to wick up the strip

where it comes in contact with the test line. At the

test line, the immobilized antibodies on the nitro-

cellulose bind to another portion of the target

protein and form a �sandwich�, essentially trapping

the complex at the test line and forming a red

colour reaction associated with the antibody-gold

particles. Unbound antibody-gold particles con-

tinue up the nitrocellulose membrane where they

bind to the control antibody, also forming a

colour reaction that indicates the test has func-

tioned properly.

The test strip presented here incorporated two

tests into each assay. Therefore, two antibody-
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Figure 2 Reactivity of anti-MBM

MAbs to various tissues and pro-

teins in a sandwich ELISA.

BMBM: closed squares, dashed

line; bovine muscle: closed squares,

solid line; chicken muscle: open

squares; pig ear: closed circles,

solid line; pig ear (not autoclaved):

open circles; bovine hoof: closed

triangles; bovine connective tissue:

open triangles; keratin powder:

closed diamonds; keratin powder

(boiled): open diamonds; gelatin:

closed circles, dashed line.
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Figure 3 Reactivity of anti-MBM

MAbs to various sections of pig ear

in a sandwich ELISA. BMBM:

closed squares, dashed line; skin

(raw): closed circles; skin (auto-

claved): open circles; cartilage:

closed triangles; cartilage (auto-

claved): open triangles; whole ear

(raw): closed diamonds; whole ear

(autoclaved): open diamonds.
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colloidal gold reagents and two test lines, each

with a different antibody were used. The first test,

which reacts to connective tissue, detects many

species of MBM, including mammalian, avian,

and fish at a detection level of 0.1% (w/v) in feed.

The second test, which reacts to muscle proteins,

indicates only the presence of mammalian MBM.

The detection limit of the mammalian MBM test

was 1.0% (w/v) in feed.

Strip examples

Figure 6 shows typical results obtained using the

kit for the analysis of various cattle feeds spiked

with bovine MBM. The test showed a limit of

detection of 0.1% for MBM in feed independent

of the type of feed tested. The limit of detection for

mammalian-specific MBM was 1.0%.

Strip test specificity

The test was evaluated for reactivity against various

PAP samples (MBMs and tissue preparations (elk);

1 g sample added to 1 oz of extraction buffer). It

was found that the MBM test was reactive towards

all of the various animal protein samples tested

(Fig. 7). The mammalian MBM test only reacted

with the mammalian-derived samples.

Effect of rendering temperature on strip test

reactivity

The effect of rendering temperature on test reac-

tivity was evaluated using bovine MBM manufac-
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Figure 4 Reactivity of anti-MBM MAbs to various purified proteins (boiled and non-boiled) in a sandwich ELISA. BMBM:

closed squares, dashed line; aggrecan: closed squares, solid line; aggrecan (boiled): open squares; collagen type II: closed

circles, solid line; collagen type II (boiled): open circles, solid line; collagen type III: closed triangles, solid line; collagen type

III (boiled): open triangles, solid line; elastin: closed diamonds; elastin (boiled): open diamonds; laminin: closed circles, dashed

line; laminin (boiled): open circles, dashed line; fibronectin: closed triangles, dashed line; fibronectin (boiled): open triangles,

dashed line; troponin I: open squares, dashed line.

Gold pad
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Control line

Test line

Filter pad

Nitrocellulose
membrane

Figure 5 Schematic of a rapid immunochromatographic

test strip.
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tured in a pilot rendering plant under controlled

conditions (VLA, DEFRA). Feed was spiked to

5% bovine MBM using MBM samples made

under the various temperature conditions and

tested using the kit. The results of this study are

shown in Fig. 8. There was little or no effect of

rendering temperature on the reactivity of bovine

MBM with the rapid test. This has particular

importance in Europe, where higher minimum

rendering process temperatures are required

(133 �C) than in the US (121 �C).

Verification of rapid immunochromatographic

strip test performance using certified, negative

control feed samples

A total of 150 cattle feed samples were obtained

from the VLA, DEFRA. The samples represented
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Figure 7 Rapid immunochromatographic strip test

sensitivity to various species meat and bone meals and

tissue (elk).

%BMBM in feed
   5     1   0.1  0        5    1    0.1   0     

Calf grower
(course + pellets)

Dairy
(milled)

Beef
(pellets)
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Control lineMBM test line

Mammalian
MBM test line

Figure 6 Rapid immunochromato-

graphic strip test sensitivity in

various cattle feeds.

133 °C 137 °C 141 °C 145 °C Control Feed

Figure 8 Effect of rendering temperature on the reactivity

of bovine MBM with the rapid immunochromatographic

strip test.
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a wide variety of finished ruminant feeds that were

confirmed by VLA to be negative for animal

protein constituents using both microscopic and

immunoassay methods (ELISA and radial immu-

nodiffusion). Aliquots of each sample were spiked

to 1.0 and 0.1% (w/w) bovine MBM. These and

non-spiked samples were analysed using the kit.

The results are presented in Table 2.

There were no false positives found with the

test. Based on the MBM test line, all 450 samples

tested were correctly identified as either negative

or containing ‡0.1% MBM. For the mammalian

MBM test line, 93% of the samples spiked to 1%

bovine MBM were correctly identified.

Following the initial analysis using the standard

protocol supplied with the kit (15 s shake), the

samples were then boiled for 15 min and re-tested.

Preliminary studies using this modified procedure

with a limited number of feeds showed that the

limit of detection for the MBM test line was

0.05% (w/w) and for the mammalian MBM test

line was 0.5% (w/w). The results using the

modified procedure with the certified sample set

are shown in Table 3. For the MBM test line,

there was no advantage to using this modification.

For the mammalian-specific MBM test line, only

one sample that was spiked to 1.0% bovine MBM

was incorrectly identified as negative; 99.3% of the

samples spiked to 1% bovine MBM were correctly

identified when the sample was boiled. Therefore,

the boiling step improved the performance of the

mammalian-specific test. Four non-spiked samples

gave a positive response, one of them being the

same sample as that which gave a positive

response with the MBM test. Using this modified

procedure, the majority of the samples (83%)

spiked to 0.1% bovine MBM were correctly

identified as containing mammalian-specific

MBM. Lowering the limit of detection of the test

by first boiling the sample resulted in a decrease in

�false negative� results (0.7%) with a concurrent

increase in �false positive� results (4%). However,

as a screening method prior to a time-consuming

confirmatory analysis, this trade-off may be

acceptable.

Verification of rapid immunochromatographic

strip test performance using certified, negative

control feed ingredient samples

Feed ingredients were obtained from the VLA,

DEFRA, Luddington, UK, and from various feed

manufacturers in the US. Test performance was

verified in each of the feed ingredients by spiking

the sample with bovine MBM and determining the

limit of detection in each of the samples. Table 4

shows the results from this study.

For all forty-three of the plant-based ingredi-

ents, the test was able to detect 0.1% MBM.

Furthermore, in forty-one of these samples the test

could detect 1% mammalian-specific MBM. In

two of the plant-based ingredients (chocolate by-

product and ground soyhulls), the test could not

recover mammalian-specific MBM and the test

was considered invalid for these applications.

Some of the plant-based ingredients required a

1 g sample size in order to compensate for non-

specific interferences. The test was able to detect

0.1% MBM and 1% mammalian-specific MBM in

all the plant and animal-based fats and oils. The

limit of detection was 0.1% MBM in all of the

blood products and milk product samples. The

limit of detection for mammalian-specific MBM

varied in these samples depending on the sample

type. In the non-mammalian animal meals, the

mammalian-specific MBM was 5% and required a

lower sample size (1 g). This study demonstrated

Table 3 Results from the analysis of bovine MBM-spiked

control samples using a modified procedure (15 min boiling

step)

Sample n

Result (no. positives) test line

MBM

(LOD ¼ 0.05%)

Mammalian MBM

(LOD ¼ 0.5%)

Negative 150 4 4

Bovine MBM 0.1% 150 150 125

Bovine MBM 1.0% 150 150 149

Table 2 Results from the analysis of bovine MBM-spiked

control samples

Sample n

Result (no. positives) test line

MBM

(LOD ¼ 0.1%)

Mammalian MBM

(LOD ¼ 1.0%)

Negative 150 0 0

Bovine MBM 0.1% 150 150 0

Bovine MBM 1.0% 150 150 139
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the robustness of the test for the analysis of MBM

in a wide variety of sample matrices.

Conclusions

A highly sensitive rapid test for PAPs has unique

applications for screening large numbers of rumin-

ant feed samples for prohibited materials. Samples

that test positive using the screening method can

then be submitted for confirmation by feed micros-

copy, the standard method worldwide. This ana-

lytical approach could save the analyst both the

time and costs associated with feed microscopy.

We describe a rapid immunochromatographic

test strip that can detect 0.1% MBM in animal

feed. The test strip contains a second test that can

detect 1% mammalian-specific MBM in feed. The

method is easy to perform and takes approxi-

mately 10 min to conduct. In addition, there is no

sample preparation step and the procedure

requires no specialized equipment. The test was

validated using 150 negative control feed samples

in a spike-recovery study. The high sensitivity test

gave no false positives and no false negatives at a

detection limit of 0.1% bovine MBM in feed. A

large panel of feed ingredient samples were also

evaluated in a spike-recovery study. The test was

found to be robust in its ability to detect bovine

MBM in the highly varied sample set.

In a separate intercomparison study, the rapid

test strip was evaluated in conjunction with micr-

oscopy, PCR, and other immunoassay methods for

the determination of PAPs and mammalian MBM

and their differentiation from other PAPs in feed

(DG SANCO, 2003). The study was conducted by

the Joint Research Centre (JRC) on behalf of the

Table 4 Results from the analysis of various feed ingredi-

ents using the rapid immunochromatographic strip test

Sample type

Sample

size (g)

Limit of detection,

% MBM, test line

MBM

Mammalian

MBM

Finished animal feeds 4 0.1 1

Plant products

Alfalfa meal 4 0.1 1

Alfalfa, dehydrated 4 0.1 1

Barley, ground 4 0.1 1

Canola meal 4 0.1 1

Cocoa bean 4 0.1 1

Concentrated grass 4 0.1 1

Corn meal 1 0.1 1

Corn starch 4 0.1 1

Cottonseed meal 1 0.1 1

Cottonseed, whole 4 0.1 1

Field beans, ground 4 0.1 1

Ground nut 4 0.1 1

Locust bean meal 1 0.1 1

Malt sprouts 4 0.1 1

Oats, ground 4 0.1 1

Palm kernel meal 4 0.1 1

Pea meal 4 0.1 1

Praire meal 4 0.1 1

Rape seed 4 0.1 1

Rape seed meal 4 0.1 1

Rolled Oats 4 0.1 1

Shae nut, ground 4 0.1 1

Soybean meal 1 0.1 1

Sugar beet meal 1 0.1 1

Sunflower meal 4 0.1 Not valid

Wheat bran 4 0.1 1

Wheat Starch 4 0.1 1

Wheat, milled 1 0.1 Not valid

Plant by-products

Barley distillers grains 1 0.1 1

Chocolate by-product 4 0.1 Not valid

Citrus by-product 1 0.1 1

Corn distillers grains 4 0.1 1

Corn gluten 4 0.1 1

Ground soyhulls 1 0.1 Not valid

Maize distillers grains 1 0.1 1

Maize gluten 4 0.1 1

Malt 4 0.1 1

Rice hulls 4 0.1 1

Sugar beet, extract and pulp 4 0.1 1

Sugar beet, shreds 4 0.1 1

Wheat distillers grains 1 0.1 1

Wheat midds 1 0.1 1

Whiskey distillers 4 0.1 1

Fats and oils

Animal fat, solid 4 0.1 1

Oil, soybean 4 0.1 1

Table 4 Continued

Oil, vegetable fat 4 0.1 1

Tallow, liquid 4 0.1 1

Animal protein products

Blood meal, bovine 4 0.1 1

Feather meal, hydrolysed 1 – 5

Fish meal 1 – 5

Milk replacer 1 0.1 Not valid

Plasma, granulated 1 0.1 Not valid

Poultry meal 1 – 5

Skimmed milk, dry 1 0.1 Not valid

Whey, dry 4 0.1 1

Whole milk, dry 4 0.1 1
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European Commission’s Directorate-General

Health and Consumer Protection (DG SANCO).

The major aim of the study was to evaluate the

proficiency of European laboratories to correctly

classify feed samples containing different types of

PAPs and MBM at various concentrations and to

compare the performance of the most important

methods. From the analysis of twenty-four blind

samples, there were no false positive or false

negative results using the current strip test (method

41a). The test was 100% sensitive, 100% specific,

and 100% accurate for the analysis of total PAPs at

a detection limit of 0.1% (w/w). Furthermore, the

mammalian-specificMBM test was 100% sensitive,

100% specific, and 100% accurate for the analysis

of mammalian-specificMBM at a detection limit of

0.5% (w/w). It was also shown that poultry meal

and fish meal (both allowed for inclusion in

ruminant feed in the US and Canada) did not

interfere with the mammalian-specific test. The

rapid test compared very favourably to the accepted

methodology (feed microscopy) and it was recom-

mended that it be further pursued.

As the rapid test method is highly field portable

(all the materials required to conduct the test can

be readily packaged as a kit), samples can be

tested on-site, e.g. at feed mills or on the farm. It is

anticipated that the majority of feed samples will

be negative for MBM. Therefore, only those

samples which test positive by the kit will need

to be taken back to the laboratory for confirmat-

ory analysis. The availability of a rapid test for

PAPs should enable feed formulators and cattle

feeders as well as regulatory agencies to more

efficiently manage and control livestock feeds for

prohibited materials and thereby eliminate the

spread of BSE and effect its eventual eradication.
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