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Background 

The presence of brain or spinal cord as an inadvertent contaminant of meat may result from the 
stunning of livestock, the splitting of the carcass or the preparation of advanced meat recovery 
(AMR) products from the vertebral column (Kelley et al., 2000). In light of current consumer concern 
about bovine spongiform encephalopathy (BSE), a disease transmitted by consumption of CNS 
tissue, a reliable analytical test for CNS tissue in meat products is essential to ensure consumer 
confidence and allay consumer fears of BSE agents in meat products.  

A method to detect the presence of CNS tissue in meat products has been developed in our 
laboratory (Schmidt et al., 2001). The method uses a fluorimetric enzyme-linked immunosorbent 
assay (F-ELISA) for the detection of glial fibrillary acidic protein (GFAP), an antigen which is highly, but 
not completely, restricted to astrocytes and satellite cells in the CNS. The F-ELISA was sensitive to 
0.2 ng GFAP, had an intra-assay coefficient of variation (CV) of 2.0% and an inter-assay CV of 14.1%. 
Bovine spinal cord and brain demonstrated dose-response curves which were parallel to GFAP 
standards while peripheral sciatic nerve and cervical ganglia also cross-react at very high 
concentrations. Using this assay, we measured levels of GFAP in bovine tissues of approximately 
2,000 ng/mg in spinal cord, 600 ng/mg in brain, 12 ng/mg in sciatic nerve and 2-4 ng/mg in 
cervical dorsal root ganglia. A comparison of this method with the Ridascreen ELISA and an earlier 
colorimetric GFAP ELISA has been published (Schmidt, et al., 2002). 

The CSU F-ELISA provides a method to detect small amounts of CNS tissue in meat products which is 
simple, cost-effective and efficient. This assay forms the basis for a commercially available kit for the 
detection of CNS tissue in meat products, the 10/5 Ridascreen assay developed by R-Biopharm AG, 
Darmstadt, Germany. The objective of the current study was to compare the sensitivity and 
repeatability of the F-ELISA with the Ridascreen 10/5 assay and to examine alterations in the 
Ridascreen assay which might increase its sensitivity and repeatability. 

The stated objectives for this work were:  This study was designed to compare three methods for 
detecting CNS tissue in AMR-generated comminuted beef –that differ in either sampling protocol or 
laboratory testing methodology –for their sensitivity, repeatability and precision. These methods are: 
1. The Colorado State University F-ELISA for GFAP; 2. The R-biopharm GFAP-ELISA; and 3. The USDA 
Eastern Laboratory immunohistochemical procedure. In addition, we examined 
modifications of the commercial R-Biopharm protocol to improve its sensitivity, repeatability 
and precision.  
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Methodology 

Preparation of spiked samples. Skeletal muscle and neural tissue were obtained from Swift & 
Company (Greeley, CO). Tissues were either frozen and stored at -20°C or were kept on ice for 
transport to the laboratory for processing and analysis. Whole brain was cleaned of membranes and 
blood clots, rinsed in 0.9% NaCl and then processed by blending for 20 sec. in a Robot Coupe R172 
(Robot Coupe USA, Inc., Ridgeland, MS) food processor. Spinal cord, brain and dorsal root ganglia 
were minced thoroughly with scissors. Stock mixtures of spinal cord, brain or dorsal root ganglia and 
muscle were prepared by adding minced neural tissue to a concentration of1% in ground beef by 
processing with an Osterizer 10-speed blender (Sunbeam-Oster Products, Wood Ridge, NJ) in a one 
cup glass jar for approximately one minute, to form a homogenous paste. The 1% stock mixtures 
were further mixed with ground beef to create spiked samples containing 0.05%, 0.1%, 0.2%, 0.3%, 
0.4% and 0.5% neural tissue. 

Preparation and sampling of AMR product. AMR samples (2 pounds) were collected from five 
commercial beef slaughter facilities and shipped frozen to our laboratory. Thawed samples were 
divided into four equal sections. Approximately 3.5g from each section were transferred to a 
“BioSette” Tissue cassette (DenZik Technologies, Claremont, CA) and 2 one gram samples from a 
pool of the sampled sections was frozen at –200C for later ELISA analysis. In an attempt to minimize 
sample variation, the samples for histology and ELISA analysis were from the same “ball” of meat 
taken from the AMR sample. The cassettes were placed in a Histo-prep biopsy bag (Fisher Scientific, 
Houston, TX), sealed and then fixed in buffered 10% formalin (S & S Co. of Georgia, Inc., Albany, GA) 
for 24 to 48 hours. For each sample, four paraffin sections (one from each sampling site of a batch 
of AMR) were stained for glial fibrillary acidic protein by the immunohistochemical method of USDA-
FSIS (SOP No. PLG 0001.00) and four slides were stained with hematoxylin and eosin. Stained slides 
were assessed for the presence of red-staining cells containing GFAP under 400X magnification. 

Surface sampling of whole meat products. Whole muscle samples were assessed for surface 
contamination with CNS by swabbing a cut surface area within a 5 cm x 10 cm (50 cm2) template. A 
dry, sterile, cotton-tipped swab was wiped aggressively across the surface of the sample in a side-to-
side manner on the cut surface of test meat samples. The swab was then transferred to a 12 x 75 
mm polypropylene test tube containing 1 ml R-Biopharm Sample Dilution Buffer (RBSDB), and the 
contents were mixed thoroughly by vortexing for 30 seconds at room temperature. Liquid was 
removed from the swab by rolling against the interior surface of the tube above the liquid buffer and 
the swab discarded. Samples were then centrifuged at 1300 x g for 10 minutes at 4°C. The 
supernatant liquid (100 μl) was analyzed directly in the F-ELISA as described below. 

Fluorescent GFAP ELISA reagents. The following reagents were used in the current study. Reagent A 
was phosphate-buffered saline (PBS): One packet of PBS (Pierce Chemical Co., Rockford, IL) was 
dissolved in 500 ml of deionized water (final concentration = 0.008 M sodium phosphate, 0.002 M 
potassium phosphate, 0.14 M sodium chloride, 0.01 M potassium chloride, pH 7.4). Reagent B 
consisted of PBS + 0.5% Triton X-100 (Bio-Rad). Reagent C was PBS + 5% Carnation nonfat dry milk 
(local grocery store). Reagent D was PBS + 5% powdered milk + 0.5% Triton X-100. Reagent E was 
1:400 polyclonal anti-GFAP in PBS (Dako, Corporation, Carpenteria, CA). Reagent F was 1:1000 
monoclonal anti-porcine GFAP (Chemicon International, Inc., Temecula, CA) prepared in reagent D. 
Reagent G was peroxidase labeled goat anti-mouse IgG (Pierce #31432) diluted in reagent 
D (1:2500). Reagent H was Quantablu Fluorogenic Peroxidase Substrate (Pierce #15169) 
prepared according to manufacturer’s instructions. 
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Preparation of standards and samples for ELISA. Bovine GFAP standard containing buffer salts 
(American Research Products, Boston, MA) was dissolved at 1 mg/ml in distilled water, aliquoted 
into 2 μl portions and frozen. Serial dilutions of the standards were prepared in reagent B. The final 
concentrations of each standard were 0.075, 0.15, 0.30, 0.60, 1.2, 2.4, 4.8 and 9.6 ng/100 μl. For 
each ELISA plate (Immulon-2, Dynex Technologies, Chantilly, VA), reagent B (blank) and each of the 
seven standards, in duplicate, were added to the first 16 wells of the plate.  Diluted standards were 
prepared from stock daily. 

Tissue samples were solubilized by homogenizing in ten volumes of 1% sodium dodecyl sulfate (SDS) 
at 95°C using two 10second bursts with a Virtishear rotor-stator type homogenizer (Virtis Co., Inc., 
Gardiner, NY). Samples were diluted in reagent B for ELISA analysis. All samples were diluted at least 
1:12 to avoid interference of SDS in the ELISA. Samples and standards are routinely analyzed in 
duplicate. 

Fluorescent GFAP ELISA Assay procedure. Reagent E (100 μl) was added to each of the 96 
microplate wells and the plate was incubated at 37°C for 1 h. Plates were then washed four times 
with 200 μl per well reagent A and blotted after each wash. Reagent C (100 μl) was added and the 
plate incubated for 1 h at room temperature. The plate was emptied of liquid and thoroughly blotted. 
Standards and samples were added in a volume of 100 μl per well and incubated for 1 h at room 
temperature. The plates were washed and blotted four times with 200 μl/well reagent B before the 
addition of 100 μl/well reagent F and incubated for 1 h at room temperature. The plates were 
washed and blotted four times with 200 μl/well reagent B andthen incubated for 30 min at room 
temperature with 100 μl/well reagent G. After four washes with 200 μl/well reagent B, plates were 
incubated for 30 min at room temperature with reagent H (100 μl/well). The reaction was terminated 
by the addition of 100μl/well of the stop reagent provided with Reagent H (Pierce #15169) and 
fluorescence at 405 nm (320 nm excitation) was recorded using a Bio-Tek FLX800B plate reader 
(Biotek Instruments, Inc., Winooski, VT). 

Ridsacreen Risk Material 10/5 ELISA. Commercial kits were provided to us courtesy of R-Biopharm 
AG, Darmstadt, Germany. This sandwich enzyme immunoassay is designed “for the quantitative 
analysis of risk material (CNS) in and on raw meat, meat products and on contaminated surfaces” 
(RIDASCREEN Risk Material 10/5 package insert, 2002). The test is a colorimetric ELISA based on 
the test developed by Schmidt, et al. (2001) and detects the presence of GFAP in raw meat products. 
The Ridascreen test was used strictly according to the instructions included with the kits. In brief, 
this involved a meat sampling method designed for semisolid meats such as ground beef and AMR. 
A dry cotton-tipped swab (similar to a Q-tip®) is inserted several times (we used 4 stabs) into the 
sample. The swab is then inserted into l milliliter of R-Biopharm sample dilution buffer (RBSDB –
contains 0.05% sodium dodecyl sulfate [SDS]) and then squeezed thoroughly. This extract can be 
stored for approx. 2 days at 2 –80°C. Fifty microliters of the swab extract was used without dilution 
in the assay.  

Ridascreen 10/5 Assay Procedure. All reagents are brought to room temperature (20 –25°C/68 –
77°F) before use. The kit provides 8-well strips which can be removed and processed individually so 
that small numbers of samples can be tested in a meat plant. The package insert instructions 
caution not to use more than 4 strips (32 wells) at a time. We generally used 3 strips. In our protocol, 
the first 4 wells contained 0.0%, 0.1%, 0.2% and 0.4% risk material (RM) standards supplied with 
thetest kits. The remaining 20 wells contained samples for analysis. After pipeting 50 μl of 
standard or sample into separate wells, 50 μl of enzyme conjugate (red cap) was added to 
the bottom of each well, mixed gently by rocking the plate manually and incubated for 10 
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min (+/-1 min.) at room temperature (68 –77°F). The liquid in the wells was then poured off and the 
microwell holder turned upside down and tapped vigorously (three times in a row) against absorbent 
paper to ensure complete removal of liquid from the wells. The wells are then filled with  
250 μl washing buffer, emptied and tapped. This was repeated 2 more times. One hundred 
microliters of substrate/chromogen (blue cap) was added to each well, mixed thoroughly and 
incubated for 5 min. (+/-1 min) at room temperature in the dark. The reaction is stopped by addition 
of 100 μl of stop reagent (yellow cap) to each well. After gently mixing by manual rocking, 
absorbance at 450 nm is measured within 15 min. after addition of stop reagent. To obtain an 
estimate of variance associated with reading 0% risk material blanks, the instrument was “zeroed” 
using an air blank before reading the 0% risk material or the 0% CNS-adulterated samples. 
Absorbance at 450 nm was recorded using an Elx 800 plate reader (Biotek Instruments, Inc., 
Winooski, VT). The color obtained by the RM standards serves as a reference value for determining 
the concentration of RM in the samples using a simple linear plot and linear regression of the 
standard curve. As stated by the manufacturer, the limit of detection of the Ridascreen Risk Material 
10/5 kit is less than or equal to 0.1% RM in raw meat and meat products. 
 
Modifications of the Ridascreen Assay. Several modifications of the Ridascreen assay method were 
tested in attempts toincrease the sensitivity and repeatability of this assay. We first tested the use of 
the F-ELISA dilution buffer (PBS containing 0.5% Triton X-100, pH 7.4) and the R-Biopharm sample 
dilution buffer (RBSDB, containing 0.05% SDS) for dilution of samples andstandards in both the F-
ELISA and the Ridascreen assay. Use of a common dilution buffer allowed us to compare directly the 
results of the two assays using exactly the same sample. It also allowed the use of a universal 
extraction procedure which is compatible with both assays, saving time and materials. We felt that 
the stab/swab sampling of meat products could lead to a great deal of sampling error. Therefore, we 
tested several different extraction methods. We used the standard F-ELISA extraction method, which 
uses a rotor-stator (RS) homogenization of 1 gram of sample in 10 ml of 1% SDS at 95°C. We also 
used RS homogenization in 1% SDS buffered to pH 7.4 at both 95°C and room temperature (RT). In 
addition, we examined RS homogenization in 0.05% SDS at 95°C and RT with and without buffering. 
Finally, we compared vigorous mixing for 30 or 60 seconds with a vortex mixer to extract known 
quantities of spinal cord-spiked ground beef with 0.05% SDS or 1% SDS at room temperature and at 
95°C. The buffer for the 1%SDS solutions was the PBS used in the F-ELISA protocol outlined above. 
When 0.05% SDS was used for extraction, we used the R-Biopharm sample dilution buffer, provided 
with the Ridascreen assay kits. As the Ridascreen assay is quite temperature sensitive, we examined 
the effects of assay temperature (71, 76 and 790 F) on performance of the Ridascreen assay. 
Incubation times of the assay were altered to compare the standard 10 minute sample incubation 
and 5 minute chromogen incubation (10/5 Ridascreen assay) with incubations of 10/10, 20/5 and 
20/10. Finally, use of the standard “fast” Ridascreen chromogen used in the 10/5 test, was 
compared to a “slow chromogen” provided by R-Biopharm. In contrast to the “fast” chromogen, 
which uses a 5-minute incubation, the “slow” chromogen uses a 15 minute incubation for color 
development. Sensitivity of the ELISA assays was defined as the lowest value detected that was 
different from zero. This was determined by finding the lowest measured sample or standard mean 
values which did not have values overlapping the zero value at 2 standard deviations.  

Findings 

Sample dilution buffer. The sample dilution buffer (SDB) provided in the Ridascreen test kits 
(RBSDB) contains buffered 0.05% SDS while the SDB used in the F-ELISA consists of 0.5% 
Triton-X100 dissolved in PBS at pH 7.4. Thus, we tested different SDBs to assess their 
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compatibility in the F-ELISA and the Ridascreen assays, with the goal of using a single SDB to 
eliminate possible variation in the comparison of samples in both assays and to streamline sample 
extraction and dilution. As shown in Table 1, the use of the Ridascreen RBSDB was compatible with 
the F-ELISA and gave slightly higher values than the F-ELISA SDB in the F-ELISA. This buffer was used 
for sample dilution throughout the rest of the reported studies.  

Extraction methods. The results of different sample extraction methods are also shown in Table 1. Of 
the extraction methods tested, the standard F-ELISA homogenization in 1% hot SDS resulted in the 
highest recovery of GFAP in both assays. This method is relatively cumbersome and labor intensive, 
as it involves sample weighing, heating, rotor-stator homogenization, cooling and dilution of sample 
in SDB to a concentration which falls within the range of the assays’ standard curve. We felt that a 
semi-quantitative detection method which was more sensitive and repeatable than the unmodified 
Ridascreen 10/5 assay and provided a “yes-or-no” answer would provide more useful results to the 
users of this rapid assay. We therefore examined a more “user-friendly” method which would be 
more amenable to a commercial setting. After simply vortexing the spiked meat samples as a 1:5 
dilution (1 gram of meat sample plus 5 milliliters solvent) in RBSDB (containing 0.05% SDS) and 
adding 50 μl of this extract directly to the Ridascreen assay, ground beef samples  containing 0.05% 
spinal cord consistently provided a strong, positive result (Figure 1). As shown in this figure, the 
response to ground beef spiked with spinal cord was much greater than the Ridascreen RM 
standards. In order for the Ridascreen assay to be quantitative, new RM standards that provide a 
greater color response should be incorporated into this assay. 

We examined other possible improvements in the sample extraction method. We compared the 
sample extraction method described above, vortexing in BSDB (0.05% SDS) at room temperature, 
with vortexing in BPSDB at 950C and with vortexing in 1% SDS at 950C. Subsamples (n = 6) of single 
spiked sample preparations were analyzed in two Ridascreen assays using both Ridascreen RM 
standards and GFAP standards on the same assay plates. As shown in Table 2A, the simplified room 
temperature extraction method resulted in a detection sensitivity of 0.05% spinal cord and was very 
repeatable (CV [n = 12], 8.5% at 0.05% spinal cord). Vortexing the samples at 950C in BPSDB (Table 
2B) or in 1% SDS (Table 2C) reduced the sensitivity of detection to 0.1% spinal cord. Although 
precision (% CV) of the replicated samples was excellent, use of heated extraction methods reduced 
color response (A450) of the samples. Results of responses of the GFAP and %RM standards for 
these two assays, in triplicate, are shown in Table 3. From these studies we concluded that the 
modified extraction method provide a sensitive, repeatable method for sample preparation in the 
Ridascreen assay. 

To further examine the sensitivity and repeatability of the improved extraction method, preparations 
of ground beef spiked with spinal cord were sampled 6 times, extracted and analyzed in two 
Ridascreen assays. In contrast to the data shown in Table 2, this approach includes added variation 
due to multiple sampling of a single, spiked preparation of ground beef. As shown in Table 4, both 
assays provided highly repeatable results at low levels of spinal cord adulteration (CV = 10.7% to 
13.5%), with a sensitivity of 0.05% spinal cord. This shows that the error induced by random 
sampling of a relatively homogeneous preparation of spinal cord-spiked ground beef is minimal and 
not likely different from multiple analyses of single doses of spiked ground beef preparations (See 
Table 2 for comparison). 

Temperature effects. We noted that the color development in the Ridascreen assays 
appeared to be sensitive to ambient temperature. We examined this formally by conducting 
the Ridascreen test at 3 temperatures: 71°F, 75°F and 81°F. As shown in Figure 2, results 
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of this test are quite temperature dependent with more color resulting from higher assay 
temperatures. We suggest that this assay be performed at a relatively constant temperature, 
preferably above 75°F, to maximize color development and to avoid variation due to temperature.  

Incubation time. At times, color development in the Ridascreen assay is minimal at the incubation 
times recommended for this assay (10 minutes with sample and 5 minutes with the chromogen –the 
standard 10/5 assay). This results in some assays in which the slope of the standard curve (% risk 
material) is reduced and positive samples are minimally colored, resulting in a loss of sensitivity in 
the assay. Thus, we examined extended incubation of the samples for up to 20 minutes or the 
incubation with the chromogen for 10 minutes. As shown in Figure 3, extended incubation times with 
the sample (20/5) led to an increased color response, while extended chromogen incubation time 
(10/10) had no effect or decreased the sensitivity of the assay. We concluded that extended 
incubation of the sample (up to 20 minutes) could increase the sensitivity of the assay and provide 
better color response. This may be especially important if the assay is performed at cooler room 
temperatures when color development is reduced. 
 
Fast versus slow chromogen. The effects of incubating with a “fast” chromogen, used in the 
standard 10/5 Ridascreen assay was compared the “slow” chromogen, used in a slower 30/30 
assay available from R-Biopharm for cooked meat products was examined. As shown in Table 5, use 
of these chromogen preparations provided essentially identical results. Use of the slower chromogen 
may be useful when analyzing large numbers of product samples and there is a relatively large 
variation in time between chromogen addition and assay termination. As the standard Ridascreen 
10/5 assay protocol cautions users not to employ more than 4 strips at a time, the use of the “fast” 
chromogen will generally be acceptable. Due to the highly variable color response of the Ridascreen 
assay on a day-to-day basis, chromagen color development was terminated when technicians judged 
that risk material standards were providing a full linear response. This period varied from 1.5 to 5 
minutes. 

Implications 

Results of CNS-spiked sample analysis suggested that IHC and the CSU F-ELISA for GFAP had similar 
sensitivities. Both could detect brain or spinal cord tissue at 0.05% to 0.10%, less than the 0.25% 
detection limit reported for the IHC method by the USDA-FSIS Office of Public Health and Science 
(SOP No: PLG 0001.00, effective 3/31/03). The CSU F-ELISA had greater detection repeatability at 
lower concentrations of CNS than IHC. Of 60 samples evaluated for presence of dorsal root ganglia, 
IHC detected only a single positive, while F-ELISA detected none. Positive and negative IHC control 
slides, with spinal cord, dorsal root ganglia, and peripheral nerve displayed specific immunostaining 
characteristics. The sensitivity and precision of the commercial Ridascreen ELISA was improved by 
using a different sample extraction method. After modification, SC-spiked sample variation was 
reduced and sensitivity was improved. Brain tissue and dorsal root ganglia were not detected in 
either Ridascreen assay. Advanced meat recovery samples from 5 facilities were analyzed. Of the 
192 samples in which all analyses are complete, the modified Ridascreen, the CSU F-ELISA and the 
IHC methods detected 5.7%, 2.1% and 3.1%, respectively, positives. Additional efforts are necessary 
to clarify whether any test can detect dorsal root ganglia. 
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Table 1. Effects of sample preparation on recovery of GFAP by the CSU F-Elisa in ground beef 
adulterated with different amounts of spinal cord. Shown are the results of two assays 
performed 8 days apart. Values in parentheses are the percent of GFAP recovered compared 
to treatment 5.  
Abbreviations: RT = room temperature; BPSDB = R-Biopharm sample dilution buffer containing 
0.05% SDS; PBS = phosphate buffered saline. 
 

% Spinal 
Cord 

Assay 
Number Recovery (ng GFAP/mg)* 

    Treatment 1 Treatment 2 Treatment 3 Treatment 4 Treatment 5 
0.00 1 0.00 0.00 0.00 0.00 0.00 

  2 0.00 0.00 0.00 0.00 0.00 
     0 0 0 0 

0.05 1 0.54 (110) 0.41 (84) 0.21 (41) 0.59 (116) 0.49 
  2 0.36 (27) 0.51 (38) 0.41 (30) 1.48 (110) 1.35 

0.10 1 0.68 (84) 0.78 (96) 0.41 (51) 1.58 (195) 0.81 
  2 1.11 (51) 1.07 (49) 1.01 (46) 4.00 (183) 2.18 

0.30 1 2.31 (70) 2.50 (75) 1.62 (49) 4.55 (137) 3.32 
  2 4.97 (83) 4.54 (76) 4.02 (67) 12.43 (208) 5.98 

0.50 1 4.01 (57) 4.23 (62) 2.94 (42) 7.6 (109) 6.98 
  2 4.98 (41) 7.64 (63) 9.48 (79) 17.71 (147) 12.05 

Treatment 1 – vortexed 30 sec at RT in 1% SDS/PBS, pH 7.4. Diluted in BPSDB 
Treatment 2 – vortexed 60 sec at RT in 1% SDS/PBS, pH 7.4. Diluted in BPSDB 
Treatment 3 – rotor-stator homogenization at RT in 1% SDS/PBS, pH 7.4. Diluted in BPSDB. 
Treatment 4 – rotor-stator homogenization at 95°C in 1% SDS. Diluted in BPSDB 
Treatment 5 – rotor-stator homogenization at 95°C in 1% SDS. Diluted in PBS + 0.5% Triton X-100. 

 

 

 


