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Background 

In September of 2004, Helps et al. (2004) indicated that a common, commercial beef carcass 
splitting saw (Jarvis Buster VI, Middletown, CN) provides potential for cross-contamination of beef 
carcasses with potentially infectious nervous tissue. They determined that debris (central nervous 
tissue (CNS) tissue) remains inside saws despite attempts to sanitize them between splitting 
differing carcasses during operation. Consumption of CNS tissue infected with Bovine Spongiform 
Encephalopathy (BSE) has been linked with variant Creutzfeldt-Jakob Disease (vCJD) in humans 
(Williams, 1997). Additionally, the USDA Food Safety and Inspection Service (FSIS), in an Interim 
Final Rule issued January 12, 2004, designated tonsils and the small intestine from all cattle along 
with the spinal cord, brain, trigeminal ganglia, eyes, skull, and dorsal root ganglia of animals over 30 
months of age as Specified Risk Materials (SRM) and prohibited them from entering the human food 
chain. Cross-contamination with CNS tissue via the splitting saw without further process 
interventions could result in a food safety threat. Immunochemical methods to detect presence of 
CNS tissue in or on meat products have been developed (Schmidt et al., 1999, 2001; Hossner et al., 
2004). The favored method uses a fluorometric enzyme-linked immunosorbent assay (f-ELISA) for 
the detection of glial fibrillary acidic protein (GFAP). Glial fibrillary acidic protein is the major protein 
constituent of glial filaments in differentiated astrocytes which are mostly restricted to the CNS (Eng 
and Lee, 1995). Efficacy of the GFAP f-ELISA was examined for detection of CNS tissue in blood and 
muscle from beef cattle (Schmidt et al., 1999, 2001); the GFAP f-ELISA proved to be a simple, cost 
effective, safe and efficient method to detect minute quantities of CNS tissue in non-neural tissues 
of beef.  

The stated objectives for this work were:  

Using established saw washing standard operating procedures (SOP), in a controlled setting, identify 
two SOP’s to be subsequently evaluated on-line. 

Methodology 

To determine the effect of saw washing procedures on GFAP presence in the drive wheel housing 
and on the blade of a Jarvis Buster IV carcass splitting saw, five saw washing procedures were 
tested, each at three different water temperatures, off-line at a commercial beef packing facility over 
a three-day period. The saw washing procedures performed were as follows:  

1. 85ºF continuous water circulation in the splitting saw during splitting (85)  
2. 120ºF continuous water circulation in the splitting saw during splitting (120)  
3. 140ºF continuous water circulation in the splitting saw during splitting (140)  
4. 85ºF continuous water circulation in the splitting saw during splitting followed by a 5-7 

second dip in 180ºF water after splitting (85 dip)  
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5. 120ºF continuous water circulation in the splitting saw during splitting followed by a 5-7 
second dip in 180ºF water after splitting (120 dip)  

6. 140ºF continuous water circulation in the splitting saw during splitting followed by a 5-7 
second dip in 180ºF water after splitting (140 dip)  

7. 85ºF continuous water circulation in the splitting saw during splitting followed by a 5-7 
second dip in 180ºF water containing Prionase A (a commercial surfactant) after splitting (85 
dip + A)  

8. 120ºF continuous water circulation in the splitting saw during splitting followed by a 5-7 
second dip in 180ºF water containing Prionase A after splitting (120 dip + A)  

9. 140ºF continuous water circulation in the splitting saw during splitting followed by a 5-7 
second dip in 180ºF water containing Prionase A after splitting (140 dip + A)  

10. 85ºF continuous water circulation in the splitting saw during splitting followed by a spray 
rinse of the nose wheel and drive wheel housings and the blade with 180ºF water for 3-5 
seconds (85 spray)  

11. 120ºF continuous water circulation in the splitting saw during splitting followed by a spray 
rinse of the nose wheel and drive wheel housings and the blade with 180ºF water for 3-5 
seconds (120 spray)  

12. 140ºF continuous water circulation in the splitting saw during splitting followed by a spray 
rinse of the nose wheel and drive wheel housings and the blade with 180ºF water for 3-5 
seconds (140 spray)  

13. 85ºF continuous water circulation in the splitting saw during splitting followed by removal of 
all visible debris with a pre-rinse at 180ºF, a scrub with soapy water and brushes/brillo pads, 
and a post-rinse at 180ºF (85 scrub)  

14. 120ºF continuous water circulation in the splitting saw during splitting followed by removal of 
all visible debris with a pre-rinse at 180ºF, a scrub with soapy water and brushes/brillo pads, 
and a post-rinse at 180ºF (120 scrub)  

15. 140ºF continuous water circulation in the splitting saw during splitting followed by removal of 
all visible debris with a pre-rinse at 180ºF, a scrub with soapy water and brushes/brillo pads, 
and a post-rinse at 180ºF (140 scrub).  

For each saw washing procedure, drive wheel and blade samples were collected before and after 
each washing procedure was performed. Only “After” samples were collected to evaluate the efficacy 
of saw washing procedures 85, 120, and 140, as these procedures were designed to evaluate only 
the internal washing system of the saw at different water temperatures. Samples were collected 
from a 100 cm2 area from each sampling site using a cotton swab. To collect samples from the 
blade of the saw, one side of the exposed surface of the blade was swabbed. Drive wheel samples 
were collected by swabbing from the drain at the bottom of the housing to the top of the curvature of 
the wall of the housing. Sampling was accomplished by making 10 horizontal and 10 vertical passes 
with one cotton swab per sampling site. One pass is considered to be one up and down or one side 
to side motion with the swab. For each saw washing procedure, one carcass was split, and “before” 
samples were obtained from the blade and drive wheel housing. Immediately following collection of 
“before” samples, one of the saw washing procedures outlined above was performed. “After” 
samples were then obtained from the blade and drive wheel housing. Following sampling, the saw 
was thoroughly cleaned by rinsing away all visible debris with 180ºF water, brushing the nose wheel 
and drive wheel housings and the blade with hot soapy water, and rinsing off all residual soap and 
debris with 180ºF water. Each saw washing procedure was performed three times on days one and 
two of sampling, and four times on day three of sampling for a total of ten replicates per saw 
washing procedure. Each Sample was immediately placed into an individual 12 x 75 mm 
polypropylene tube and capped. All samples were frozen and analyzed using the GFAP f-ELISA 
protocol outlined in Schmidt et al. (2001) with the following modifications: samples were 
agitated in an up/down motion 10 to15 times in the sample buffer.  
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Statistical analysis.  
All data were analyzed using the PROC FREQ and PROC GLM procedures of SAS (Cary, NC). Mean 
values from “before” samples were used as covariates in all PROC GLM models. Least squares 
means were separated using alpha level = 0.05.  

Because of the ability of the GFAP f-ELISA to detect three ten-billionths of a gram of GFAP material, 
and the inability of the prescribed saw washing procedures to remove all GFAP material from the 
saw, sampling error was inherent to data collection in this study. Samples were removed from the 
data-set if their GFAP concentration was higher after performing the saw washing procedure than 
before, or if they tested negative for GFAP before saw washing procedures were performed and 
positive after saw washing procedures were performed. Among the blade samples, 17 samples were 
removed from the data-set because GFAP concentration was higher after saw washing procedures 
were performed, and 15 samples were removed because they tested negative for GFAP before saw 
washing procedures were performed and positive after saw washing procedures were performed. 
Among the drive wheel housing samples, 25 samples were removed from the data set because GFAP 
concentration was higher after saw washing procedures were performed, and 9 samples were 
removed because they tested negative for GFAP before saw washing procedures were performed 
and positive after saw washing procedures were performed. 

Findings 

The objective of this study was to determine the effectiveness of saw washing procedures and 
choose two to be implemented and evaluated in an on-line setting. Results of this study indicate that 
all saw washing procedures performed were effective at reducing GFAP and that no individual saw 
washing procedure was more effective than any other procedure at reducing GFAP. Results also 
indicate that ambient water temperatures circulating throughout the saw during splitting reduced 
residual GFAP on saw blades and in drive wheel housings. Using ambient water temperatures in the 
saw during splitting is, however, contradictory to saw washing procedures currently in place, which 
have been established to reduce microbial loads and prevent potential pathogenic cross-
contamination via the saw blades and housings. Industry professionals must determine the goal of 
their saw washing procedures and set the water temperature within their saws accordingly. Although 
reasonably low levels of residual spinal cord equivalents were found to exist on blades and saw 
housings following washing, it is unknown whether these levels posed a human food-safety threat. 
Lasmezas et al. (2005) indicated that the infectious dose of pre-clinical BSE infected brain material 
was 1.5 kg, whereas clinical BSE-infected brain material was only 5 g. Further research is needed to 
determine the infectious dose of BSE-infected spinal cord to determine if more stringent saw 
washing procedures need to be implemented. 

Implications 

Results of this study indicate that all saw washing procedures performed were effective at reducing 
GFAP and that no individual saw washing procedure was more effective than any other procedure at 
reducing GFAP. Results also indicate that ambient water temperatures circulating throughout the 
saw during splitting reduced residual GFAP on saw blades and in drive wheel housings. Using 
ambient water temperatures in the saw during splitting is, however, contradictory to saw washing 
procedures currently in place, which have been established to reduce microbial loads and prevent 
potential pathogenic cross-contamination via the saw blades and housings. Industry professionals 
must determine the goal of their saw washing procedures and set the water  
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temperature within their saws accordingly. Although reasonably low levels of residual spinal cord 
equivalents were found to exist on blades and saw housings following washing, it is unknown 
whether these levels pose a human food-safety threat. Lasmezas, in a 2005 paper indicated that the 
infectious dose of pre-clinical BSE-infected brain material was 1.5 Kg, whereas clinical BSE-infected 
brain material was only 5 g. Further research is needed to determine the infectious dose of BSE 
infected spinal cord to determine if more stringent saw washing procedures need to be 
implemented.
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Table 1. Number of samples that tested positive for GFAP before and after treatment combined over all treatments (P < 0.0001), mean GFAP 
ng/100cm2 on the saw blade or in the saw housing before and after treatment combined over all treatments (P < 0.0001), and spinal cord 
µg/100cm2 equivalents based on extrapolation from Schmidt et al., (2001). 
   

 
 

Sampling Location 

 
 

GFAP Prevalence 
Before Treatment 

 
 

GFAP Prevalence 
After Treatment 

 
 
GFAP (ng/100cm2) 
Before Treatment 

 
 

GFAP (ng/100cm2) 
After Treatment 

Spinal Cord 
(µg/100cm2) 

Equivalents After 
Treatment 

Blade (n=88) 59 (67.0%) 17 (19.3%) 0.226 ± 0.598 0.094 ± 0.598 0.052 ± 0.347 

Housing (n=82) 69 (84.1%) 41 (50.0%) 0.611 ± 0.534 0.117 ± 0.534 0.068 ± 0.310 

 
 

 

 

 

 

 

 

 

 

 

 
a,b Means within a column lacking common superscript letters differ (P < 0.05) 

 

 

Table 2. Mean GFAP ng/100cm2 remaining on the splitting saw blade or in saw housing after carcass splitting at different circulating water 
temperatures combined over all treatments within a specified water treatment and spinal cord mg/100cm2 equivalents of GFAP 
ng/100cm2 based on extrapolation from Schmidt et al., (2001).   

 

 

  

 

Blade After Treatment (n=117) 

 

Housing After Treatment (n=111) 

Spinal cord (µg/100cm2) 
Equivalents After Treatment 

85ºF 3.65 ± 1.27a 5.76 ± 0.135a 3.34 ± 0.78 

120ºF 3.95 ± 1.30ab 6.23 ± 0.131a 3.61 ± 0. 76 

140ºF 6.88 ± 1.49b 9.34 ± 0.137a 5.41 ± 0.79 
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Table 3. Mean GFAP ng/100cm2 on the splitting saw blade before and after treatment, spinal cord µg/100cm2 equivalents based on extrapolation from 
Schmidt et al., (2001) and prevalence of GFAP f-ELISA positive samples before and after treatment.    

Saw Washing 
Procedure 

 

 

 

 

ng GFAP/100cm2 
Before Treatment 

ng GFAP/100cm2 
After Treatment 

Spinal Cord (µg/100cm2) 
Equivalents After Treatment 

Prevalence 
Before Treatment 

Prevalence After 
Treatment 

Prevalence P-
Value 

85 Dip 9 1.964 ± 0.488 1.32 ± 1.35 0.08 ± 0.78 9 2 0.007 

120 Dip 8 0.834 ± 0.518 2.22 ± 1.43 1.29 ± 0.83 5 1 0.039 

140 Dip 7 1.446 ± 0.553 1.5 ± 1.51 0.09 ± 0.88 6 0 0.008 

85 Dip+A 8 0.987 ± 0.518 1.95 ± 1.42 1.13 ± 0.82 7 3 0.039 

120 Dip+A 8 0.785 ± 0.518 2.85 ± 1.43 1.65 ± 0.83 6 2 0.046 

140 Dip+A 5 0.466 ± 0.655 2.17 ± 1.81 1.26 ± 1.05 3 0 0.038 

85 Rinse 7 1.506 ± 0.553 6.22 ± 1.52 3.61 ± 0.88 5 3 0.280 

120 Rinse 8 2.392 ± 0.518 0.08 ± 1.45 0.00 ± 0.84 5 2 0.131 

140 Rinse 6 1.015 ± 0.598 5.45 ± 1.64 3.16 ± 0.95 3 2 0.558 

85 Scrub 10 1.537 ± 0.463 1.91 ± 1.27 1.11 ± 0.74 7 3 0.074 

120 Scrub 7 1.900 ± 0.533 0.08 ± 1.52 0.00 ± 0.88 5 0 0.005 

140 Scrub 5 0.615 ± 0.655 2.09 ± 1.81 0.121 ± 1.05 5 5 1.000 

GFAP (ng/100cm2) reductions were significant for all treatments (P < 0.05) 
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Table 4.  Mean GFAP ng /100cm2 in the drive wheel housing before and after treatment, spinal cord µg/100cm2 equivalents based on 
extrapolation from Schmidt et al., (2001) and prevalence of GFAP f-ELISA positive samples before and after treatment.  

Saw Washing 
Procedure 

n GFAP ng/100cm2 
Before Treatment 

GFAP ng/100cm2 
After Treatment 

Spinal Cord 
(µg/100cm2) 
Equivalents After 
Treatment 

Prevalence 
Before 
Treatment 

Prevalence After 
Treatment 

Prevalence P-
Value 

85 Dip 5 26.04 ± 6.46 14.15 ± 2.27 8.21 ± 1.32 9 8 0.292 
120 Dip 6 20.15 ± 5.90 5.09 ± 2.05 2.95 ± 1.19 8 5 0.046 
140 Dip 6 8.48 ± 5.90 6.08 ± 2.10 3.53 ± 1.22 6 4 0.221 
85 Dip+A 7 19.29 ± 5.46 3.41 ± 1.90 1.98 ± 1.19 8 4 0.018 
120 Dip+A 6 23.56 ± 5.90 3.85 ± 2.06 2.23 ± 1.20 8 8 0.046 
140 Dip+A 6 13.24 ± 5.90 7.91± 2.07 4.59 ± 1.14 3 1 0.248 
85 Rinse 7 30.72 ± 5.46 6.93 ± 1.96 4.02 ± 1.03 7 6 0.299 
120 Rinse 8 18.35 ± 5.11 3.21 ± 1.78 1.86 ± 1.04 7 3 0.039 
140 Rinse 8 24.36 ± 5.11 6.51 ± 1.79 3.78 ± 1.04 6 5 0.302 
85 Scrub 9 19.83 ± 4.81 2.86 ± 1.68 1.66 ± 0.10 7 5 0.343 
120 Scrub 8 17.21 ± 5.15 3.37 ± 2.09 1.95 ± 1.21 5 1 0.046 
140 Scrub 6 10.51 ± 5.90 3.97 ± 2.09 2.30 ± 1.21 5 4 0.505 

GFAP (ng/100cm2) reductions were significant for all treatments (P < 0.05) 
 


