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Validate the efficacy of alkaline hydrolysis as an alternative disposal method to 
rendering for disposing of bovine specified risk materials and other biological 
materials potentially infected or contaminated with infectious prions (PrPSc)

OBJECTIVE

funded by the Beef Checkoff

üBSE discovered in the U.S., December 23, 2003

üFDA published a Proposed Rule in October 2005, proposing to prohibit the inclusion of  

certain cattle -derived materials (brains and spinal cords from cattle 30 months of  age and 

older; among other identified materials) in the food and feed of  all animals (DHHS-FDA, 2008)

üThe Final Rule ñwhich was very similar to the proposed rule ñwas accepted and published  

in April, 2008; it will take effect on April 27, 2009 (DHHS-FDA, 2008)

üAnimal rendering and beef  packing industries are responsible for implementing 

alternative disposal methods to rendering for disposing of  bovine specified risk materials 

and other biological materials potentially infected or contaminated with PrP Sc

INTRODUCTION
MOUSE SURVIVAL STUDY (cont.)

RESULTS

Ç Significant differences (P< 0.0001) in survival were observed among the four treatment 
groups (Figure 2)

Ç It is believed that a low level of PrPScinfectivity survived the rendering treatment  
(Figure 1), which was able to propagate the disease

Ç Survival study results indicated that the continuous-flow rendering treatment failed to 
completely eliminate PrPSc, as the rendering treatment group experienced a 45-day 
average delay in days to death (250 vs. 205 days for positive controls; P < 0.0001) and a 
73.9% death loss (P = 0.0094) (Figure 2)

Ç Positive controls suffered 100% death loss

Ç The ELISA was used successfully to confirm scrapie in all suspected scrapie-positive 
mice; likewise, it confirmed the absence of scrapie in negative control treatment group 
mice, alkaline hydrolysis treatment group mice, and in rendering treatment group mice 
that lived to the end of the survival study

Ç More importantly, the survival study validated the efficacy of the alkaline hydrolysis 
treatment to inactivate all PrPScas no mice succumbed to the disease (P < 0.0001) 
(Figure 2)

Alkaline Hydrolysis Treatment Group
üKOH added at 8% of sample weight and distilled water added at 12% of the 

combined weight to the scrapie-positive mouse brain homogenate (Morris, 2006) 

üThe treatment sample was placed inside a self-contained stainless steel module 
and fastened inside the  alkaline hydrolysis vessel (BioMEER, Hydrol-Pro Technologies, 

Inc., Zephyrhills, FL) 

üAlkaline hydrolysis process lasted a total of 65-hours* 
üHydrolyzed material was neutralized with PBS (pH 3)

*The brain homogenate treatment was hydrolyzed in November 2006 using a beta- or 

test-version of the BioMEER digester. Since that time,  technological advances and 
cycle optimization have reduced process times to between 20 to 30 hours.

CONCLUSION

o Rendering delayed, but did not stop, clinical mouse-adapted scrapie transmission

o The survival study confirmed the efficacy of alkaline hydrolysis to inactivate PrPSc 

as no mice succumbed to the disease

o The alkaline hydrolysis process demonstrated its potential as a superior alternative 
to rendering for inactivating potential prions in bovine SRMs and other biological 
materials contaminated or infected with PrPSc

o The cost of using alkaline hydrolysis to dispose of animal tissues and carcasses was 
approximately $0.26 to $0.31 per kg ($0.12 to $0.14 per lb) 

Alkaline hydrolysis should be considered by the rendering 

and packing industries as an alternative to incineration, 

landfill burial, and rendering for bovine SRM disposal

Figure 1. Western blot of the four treatment group 

inoculums analyzed with (+) and without (--) proteinase 

kinase (PK) digestion 
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ALKALINE HYDROLYSIS

üOne of the few disposal methods approved by the European Union and World Health Organization 
for inactivating PrPSc(Taylor and Woodgate, 2003)

üCommercialized pressure cooker
üTemperature - 150 C (300F)
üPressure ς4.15 Bars (60 PSI)
üPotassium Hydroxide (KOH) ςpH 14

Rendering Treatment Group Inoculum
üContinuous cooker was modeled using a 2:1 vegetable/animal shortening-to-brain ratio
üApproximately 350 ml of shortening was heated and maintained between 120° to 138°C
üA test tube containing shortening plus scrapie-positive mouse brain homogenate was 

suspended in the beaker of heated shortening and agitated periodically with a piece of 
steel wire  for 45 min

Mouse Inoculation Procedure
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Treatment Group Inoculums
Positive and Negative Control Treatment Group Inoculums
üA known scrapie-negative mouse brain homogenate (~ 0.100 g) was the negative control inoculum
üOne-third of the scrapie-positive mouse brain homogenate was left untreated to serve as the 

positive control inoculum

Diagnostic Assays
Enzyme-Linked Immunosorbent Assay
üThe Bio-Rad Chronic Wasting Disease antigen test kit, ELISA (Bio-Rad Laboratories, Hercules, CA) was used to confirm 

scrapie diagnosis in end-stage clinical mice

Western Blot Assay
ü Identified the proportion of PrPSc present in the inocula of the different treatment groups (i.e., with and without 

proteinase kinase digestion) 

Statistical Analysis
üThe Log-Rank Test of the PROC LIFETEST procedure of SAS (Version 9.1, SAS Institute, Cary, NC, 2003)explored the 

homogeneity of the survival curves (i.e., days to death) across the four treatments groups (P< 0.05)  
üCƛǎƘŜǊΩǎ 9ȄŀŎǘ ¢Ŝǎǘ ƻŦ ǘƘŜ twh/ Cw9v ǇǊƻŎŜŘǳǊŜ ƻŦ {!{ ŎƻƳǇŀǊŜŘ ǎǳǊǾƛǾŀƭ όƛΦŜΦΣ ŘŜƭŀȅ ƛƴ Řŀȅǎ ǘƻ ŘŜŀǘƘύ ŀŎǊƻǎǎ 

the four treatment groups (P< 0.05)

üFemale C57/BL6 mice (N=120) were randomly divided into four treatment groups (n=30) and each mouse was 
injected intraperitoneally with their designated inoculum

üA known mouse-adapted scrapie-positive mouse homogenate was divided into three portions (~ 0.110 g); 
each portion was randomly assigned to the positive control, rendering, or alkaline hydrolysis treatment groups

ü¢ƻ ŘŜǘŜǊƳƛƴŜ ǿƘŜƴ ƳƛŎŜ ǿŜǊŜ ŜǳǘƘŀƴƛȊŜŘΣ ǎŜǾŜǊŀƭ ǎƛƎƴǎ ƻŦ ŎƭƛƴƛŎŀƭ ŘƛǎŜŀǎŜ ǿŜǊŜ ƳƻƴƛǘƻǊŜŘ ǎǳŎƘ ŀǎ άǊƻǳƎƘέ 
ŎƻŀǘΣ ŀǘŀȄƛŀΣ ƪȅǇƘƻǎƛǎ όƘǳƴŎƘŜŘ ōŀŎƪύΣ ǎǘƛŦŦ ǘŀƛƭΣ ŀƴŘ άŎƻƭƭŀǇǎŜŘέ ŀōŘƻƳŜƴ

üMice showing no signs of disease were euthanized 18 months after inoculation (study termination date)

üBrain material was collected from mice that died (from any cause) or were euthanized and assayed for PrPSc

Materials and Methods
Animal procedures were approved by the Colorado State University Animal Care and Use Committee 
(ACUC Number: 06-070A-01) and the USDA-APHIS-Wildlife Services-National Wildlife Research Center 

Institutional Animal Care and Use Committee

MOUSE SURVIVAL STUDY

Figure 2. Survival curves for mouse treatment groups inoculated with PrPSc-negative 

mouse brain material; PrPSc-positive mouse brain material; rendered PrPSc-positive mouse 

brain material; or, hydrolyzed PrPSc-positive mouse brain material 
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