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Development, Evaluation, and Peer-Verification of a Rapid Real-Time PCR 
Method for the Detection of Animal Material

RELEVANCE TO FDA MISSION
• The real-time PCR method identifies materials 

from prohibited animals while increasing 
sample throughput.

• This method will become the screening method 
for the US Food and Drug Administration 

A real-time PCR assay to detect three ruminant species (bovine, 
goat, and sheep), and a select set of avians (chicken, goose, 
turkey) that can be used with United States (US) and European 
Union (EU) rendered materials was developed.  This method 
was evaluated against a stringent acceptance criteria previously
developed by the US FDA’s Center for Veterinary Medicine’s 
Office of Research.  Acceptance criteria for determining success
used a statistical approach requiring a 90% probability of 
achieving the correct response, within a 95% confidence 
interval.  A minimum detection level of 0.1% meat and bone 
meal (MBM) was required, consistent with the sensitivity of the 
validated PCR-based method currently used by the FDA as an 
aid in enforcement of the Agency’s feed ban.  PCR primer 
specificity was determined using a panel of DNA samples 
derived from 16 different animal species.  The method is able to
detect 0.1% rendered material in complete feed in less than 1.5 
h of total assay time, a significant improvement over the current 
method which requires 7-8 hr for completion.  The real-time 
assay for the detection of animal material passed stringent 
acceptance criteria for sensitivity, selectivity, and specificity.  
The method also passed ruggedness, real-time platform, and 
second analyst trials.  Two external laboratories participating in 
a peer verification trial demonstrated 100% specificity in 
identifying bovine MBM, lamb MBM, or goat meat meal, while 
exhibiting a 0.6% rate of false positives. These results 
demonstrated that this method was capable of being used by 
other laboratories. 
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Table 1.  Sensitivity of the Real-Time PCR 
Assay for Two Primer Setsa

Bovine*  Sheep*   

0.0% 0/30# 0/30#

1.0% 30/30 30/30
0.1% 30/30 30/30
0.05% 7/30 12/30
0.025% NA NA
aDairy feed was fortified with bovine meat and bone meal (BMBM) and lamb meal (LM) at 0(control), 0.025, 0.05, 0.1, 
or 1.0% (wt/wt).  The DNA was extracted and amplified using the Smart Cycler II (Cepheid, Sunnyvale, CA) and 
designated primers for each species.
*Bovine primers used with dairy feed containing BMBM, sheep primers used with dairy feed fortified with lamb 
meal.
#No positive PCR results were noted; there were no Ct values, and no melt curves from these samples.  All control 
samples were correctly identified as true negatives.  Positive results are samples that have both a Ct value and an 
melt curve value that is + 1 C of the authentic melt curve value.
NA: Not analyzed

Table 2. Specificity Assessment of the Real-
Time PCR Primersa

Primers

Bovine Sheep Goat Fowl          

Feed  

Control 0/30 0/30 0/30 0/30
Bovine   30/30 0/30 0/30 0/30
Sheep 0/30        30/30 0/30 0/30
Deer 0/30 0/30 0/30 0/30
Elk 0/30 0/30 0/30 0/30
Goat 0/30 0/30        30/30 0/30
Horse 0/30 0/30 0/30 0/30
Poultry 0/30 0/30 0/30       30/30
Feather 0/30 0/30 0/30       30/30
Pig 0/30 0/30 0/30 0/30
aDairy feed was fortified with bovine meat and bone meal (BMBM), lamb meal (LM), deer meal (DM), elk meal (EM), 
goat meal (GM), horse meal, (HM), poultry meal (PM), feather meal (FM), or pig meal (PM) at 0.1% (wt/wt).  The DNA 
was extracted and amplified using the Smart Cycler II (Cepheid, Sunnyvale, CA) and designated primers for each 
species

Table 3. Specificity of the Bovine Primers 
Towards Other Animal Proteinsa

Percent Animal Protein (w/w)

Pure 1.0% 0.1%

Bovine Blood Meal 15/15 15/15 7/15
Milk Replacer 0/15 ND ND
Whey 15/15 0/15 0/15
Whey Permeate 0/15 ND ND
Fish Meal 0/15 ND ND

aDifferent animal proteins were tested with the bovine primers.  Dairy feed was fortified with the different animal 
proteins at 1.0% (w/w) or at 0.1% (w/w).  DNA was extracted from the pure protein sources, 1.0 and 0.1% fortified 
feed as detailed above, and amplified using the Smart Cycler II (Cepheid, Sunnyvale, CA) and the bovine primers.
ND: Not determined

Results

Primer specificity was verified using a panel of 
DNA derived from 18 different animals (data not 
shown
The bovine and ovine primers consistently 
detected meals in feed fortified to 0.1% (w/w) 
(Table 1)
The primers demonstrated 100% specificity 
towards animal meals in feed (Table 2)
Ruggedness testing identified only one critical 
step in the DNA extraction process (data not 
shown)
The bovine and sheep primers are capable of 
detecting animal meals prepared in the E.U.
A second analyst, not associated with the 
development of this method, could 
successfully perform the method
Two independent laboratories successfully 
performed the entire method

Table 5.  Second Analyst Triala

Bovine  Sheep   

Control Feed 0/30 0/30
BMBM 30/30 0/30
LM 0/30 30/30
aDairy feed was fortified with bovine meat and bone meal (BMBM) and lamb meal (LM) at 0.1% (wt/wt).  The DNA 
was extracted and amplified using the Smart Cycler II (Cepheid, Sunnyvale, CA) and the designated primers for 
each species

Table 4. Dairy Feed Fortified with Meals 
Prepared in the European Uniona

Bovine  Sheep   

Control Feed 0/30 0/30
BMBM 30/30 0/30
LM 0/30 30/30
aDairy feed was fortified with bovine meat and bone meal (BMBM) and lamb meal (LM) prepared in the European 
Union at 0.1% (wt/wt) using dairy feed.  The DNA was extracted and amplified using the Smart Cycler II (Cepheid, 
Sunnyvale, CA) and the designated primers for each species were used to detect the DNA.

We previously reported on two PCR-based methods that passed 
multi-laboratory method-validation trails (1,2).  Both methods 
have proven to be reliable, but have limitations.  First, some 
analysts had difficulties with the methods, particularly those 
without prior training in molecular biology.  The first method 
requires preparation of all reagents for DNA extraction phase 
(1).  This was addressed by developing a method which uses a 
commercially available DNA forensic kit to extract the DNA (2). 
This method was validated and is currently being used by U.S. 
FDA’s Office of Regulatory Affairs to assist in the enforcement 
of the FDA’s 1997 Feed Ban. Second, both methods rely on 
amplicon detection using agarose gel electrophoresis and photo-
interpretation of the resulting image. Most of the problems 
encountered during second method trial were with agarose gel 
electrophoresis and/or the photo documentation process (2). 
Finally, if labs wanted to use a PCR method for screening 
purposes, high throughput would be needed.  The two validated 
methods require a minimum of 24 h and 8 h respectively, to 
analyze a sample. A potential solution to address the 
shortcoming of both methods was to develop a new, simpler 
DNA extraction method coupled with real-time PCR.  The goal 
of the study was to develop a new real-time assay and evaluate 
it using a rigorous in-house assessment and peer verification.

Introduction

Table 6. Peer Verification Resultsa

Primers

Bovine Sheep Goat

Laboratory #1
Control 0/30 0/30 0/30
BMBM 30/30 2/30 0/30
LM 4/30 30/30 0/30
GMM 0/30 13/30 30/30

Success Rate
True Positives 100% 100% 100%
True Negatives 100% 100% 100%
False Positives 4.4% 16.7% 0%

Laboratory #2
Control 0/30 1/30 0/30
BMBM 30/30 1/30 1/30
LM 0/30 30/30 0/30
GMM 0/30 8/30 30/30

Success Rate
True Positives 100% 100% 100%
True Negatives 100% 96.7% 100%
False Positives 0% 15.0% 3.3%
aDairy feed was fortified with either BMBM, LM or, GMM at 0.1% (wt/wt).  All samples were first extracted for DNA, 
then examined using all three PCR primers.  All work was performed in a blinded manner.  Positive results were 
those with both a Ct and a melt curve value that was within one degree of the model melt curve.  The two 
laboratories analyzed the samples in a blind-manner; neither the sample identity nor the primer identity was known 
to them
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Summary
The RT-PCR method is capable of being used 
as a regulatory method, suitable for routine 
screening of feed and feed ingredients
This method will become the official screening 

method for the U.S. FDA

Materials & Methods

The animal meals were sourced as previously 
reported (1,2).  Dairy feed was also prepared and 
fortified as previously described (1,2).  The E.U 
animal meals were a generous gift of Mr. Scott 
Reaney.  The DNA extraction method was 
developed using components from several 
different Chargeswitch kits (Invitrogen) which are 
now sold as the ChargeSwitch gDNA Rendered 
Meat Purification kit (Cat # CS400-100).  The PCR 
primers were prepared by Invitrogen.  The iQ 
Sybr Green Supermix was obtained from Bio-
Rad.  The 2nd Analyst and Peer Verification trials 
were conducted with the analysts blinded to 
study design and sample & primer identity.


