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Background 

Stanley Prusiner first introduced the idea of prions in 1982 when he identified them as small 
infectious proteinaceous particles.  Prions are the causative agents behind fatal neurodegenerative 
diseases, which all belong to a single family of Transmissible Spongiform Encephalopathies (TSE).  
Following Prusiner’s discovery it was observed that prion diseases occur when the three dimensional 
structure of normal prion proteins (PrPC) is modified through a unknown post-translational process 
to form abnormal and infectious prion proteins (PrP), like Scrapie, which is identified as PrPSc 
(Borchelt et al., 1990; Borchelt et al., 1992).  Abnormal prions are characterized by an abnormally 
high β-sheet content, and protease resistance, which prevents its natural degradation and recycling 
by cellular enzymes that leads to excessive extracellular deposition and neurotoxic aggregation in 
brain tissue resulting in the manifestation of the disease (Novakofski, et al., 2005; Unterberger et al., 
2005).  The aggregation of infectious prions in brain tissue leads to the formation of neuronal 
vacuoles and the over production of astrocytes, which are pathological hallmarks of prion diseases 
(Prusiner, 1982).  McKinley et al. (1983) reported that both PrP and prion infectivity were resistant to 
proteinase K digestion for up to two hrs under non-denaturing conditions, which may help explain the 
abnormal accumulation of infectious prions in Central Nervous System (CNS) tissue.  Protease 
resistance is the basis for most current PrPSc detection methods. 

Bovine Spongiform Encephalopathy (BSE) was first diagnosed in the United Kingdom (UK) in 1987 as 
a progressive neural degenerative disease (Novakofski et al., 2005).  Since that time, the 
geographical distribution of BSE has increased to 25 countries, including the United States (World 
Organization for Animal Health, 2007).  BSE is considered a “common source” epidemic, meaning 
that animals contract the disease from a common element, most likely the consumption of feed 
containing rendered Meat and Bone Meal (MBM) contaminated with brain and spinal cord from 
infected cattle (Novakofski et al., 2005).  The emergence of BSE from rendered MBM was attributed 
to the shift from batch rendering to continuous process rendering and the reduction in peak 
rendering temperatures (Novakofski et al., 2005).  Appel et al. (2001) reported that the presence of 
bovine bone fat increased the heat stability of prion rods to autoclaving, especially at lower 
temperatures; however, the protective effects of lipids decreased with increasing temperature.  Prion 
rods heated in pure bovine bone fat did not undergo as extensive hydrolysis as water or lipid-water 
treatments, and formed irreversible aggregates (Appel et al., 2001).  Taylor et al. (1997) conducted a 
study that examined the effect of different rendering procedures on the Scrapie agent.  Mimicking 
batch rendering, various continuous rendering processes, solvent extraction, and steam-
under-pressure treatment it was discovered that all MBM samples contained detectable 
Scrapie infectivity, except for the treatments exposed to steam-under-pressure (Taylor et al., 
1997).   
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The UK initiated a specified bovine offals ban in 1989, which restricted renderers from including 
these materials in ruminant feed, in an effort to stop the transmission of BSE.  The UK however, 
continued to export MBM until 1996, the same year the UK government required complete exclusion 
of MBM from all farm animal feeds, and is most likely responsible for propagating the disease 
worldwide (Taylor and Woodgate, 2003; Novakofski et al., 2005).   

The United States followed up shortly thereafter in 1997, with a feed-ban that prohibited the feeding 
of mammalian-derived protein sources to ruminants.  Prior to the 1997 feed-ban,  the practice of 
converting non-consumable animal “waste” (diseased, dead, dying and disabled animals, slaughter 
offal, supermarket waste and restaurant grease) into functional meat and bone meal (MBM) and 
tallow (i.e. rendering) consumed approximately 40 billion pounds of raw material annually (FDA, 
1997).   

The present study investigated the efficacy of alkaline hydrolysis and rendering to destroy infectious 
prion material. Prior to initiation of the bioassay, validation work was performed to demonstrate the 
ability of hydrolysis process to destroy high-loads of thermophilic spore-forming agents and 
vegetative agents. A bioassay was performed to detect prion infectivity as this continues to be the 
most sensitive method for detecting abnormal prions (PrPSc), and although time consuming and 
labor intensive, they are able to detect very low levels of infectivity (Novakofski et al., 2005).  In 
addition, the safety and economics of alkaline hydrolysis were investigated to examine its 
competitiveness to other accepted carcass and SRM disposal technologies.  The final objective of 
this study identified potential applications for the effluent or proteinaceous end-product in an effort 
to recover value from the process and turn a liability into a commodity of some relative value.   

The stated objectives for this work were: 

Demonstrate the efficacy, safety, and economics of converting Bovine SRM’s into safe non-ruminant 
animal feed products or biofuels. 

Methodology 

Mouse Bioassay Treatments 
A known Scrapie-positive (Chandler strain) mouse brain (once-passed from original mice obtained 
from Rocky Mountain Laboratories, Hamilton, MT) was removed from -70°C storage (Revco, Thermo 
Electron Corporation, Asheville, NC) and homogenized into a slurry with a sterilized scalpel blade.  
The mouse brain homogenate was divided into three portions using a scientific balance (Sartorius 
Microbalance, Sartorius Ltd., Epsom, United Kingdom) and each portion (approximately 0.110 g) was 
randomly assigned to a bioassay treatment.  Homogenized treatment samples were placed in 200 μl 
PCR tubes (Eppendorf North America, Westbury, NY) and refrozen at -70°C until the next stage of the 
experiment.  The negative control treatment group (approximately 0.100 g) mouse brain originated 
from a known Scrapie-negative mouse that was used in a previous study and known never to have 
been exposed to infectious PrPSc.  Following the rendering and alkaline hydrolysis treatments the 
resulting materials were diluted, along with the positive and negative control treatments groups, in 
16 ml of Phosphate Buffered Saline (PBS) to serve as the inoculum for each group of mice.  One 
milliliter from each treatment was set aside before inoculation and analyzed with a TSE ELISA 
diagnostic assay to determine the presence of PrPSc infectivity. 
 
Positive and Negative Control Treatment Groups 
One third of the Scrapie-positive mouse brain homogenate was left untreated and 
transferred to a Dounce tissue homogenizer and ground further with a small volume of PBS.  
After the final homogenization step, the brain homogenate solution was transferred to a 
sterile 50 ml centrifuge tube (Thermo Fisher Scientific, Waltham, MA), and additional PBS 
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was added to achieve a final volume of 16 ml.  This sample served as the inoculum for the positive 
control bioassay treatment group.  Similar to above, a known Scrapie-negative brain homogenate 
sample was homogenized using a Dounce tissue homogenizer and diluted with PBS to achieve a 
final volume of 16 ml. 
 
Rendered Treatment Group 
The purpose of the rendering treatment was to characterize the efficacy of rendering to destroy prion 
infectivity.  Industry-accepted “continuous” rendering procedures were modeled in our laboratory by 
cooking the mouse brain homogenate in vegetable/animal shortening at a 2:1 shortening to brain 
ratio using a test tube apparatus, and a time/temperature procedure similar to that practiced in 
continuous rendering.  The continuous cooker is an agitated vessel that brings raw material to a 
temperature between 115° –145°C, evaporating moisture and freeing fat from protein and bone 
over a 45 –60 minute period (Anderson, 2006; Kirstein, Personal Communication, 2006). 
 
A 500 ml beaker containing approximately 350 ml of shortening (Great Value, Wal-Mart Stores, Inc., 
Bentonville, AR) was heated to 138°C and maintained between 120° –138°C for the entire length 
of the rendering procedure.  The temperature of the shortening was monitored by suspending a type 
K thermocouple thermometer (Temptec Accutuff 340, Atkins Technical Inc., Gainesville, FL) probe in 
the beaker.  Once the shortening reached the cooking temperature (138°C), the shortening and 
mouse brain homogenate test tube was suspended in the beaker of shortening and agitated 
periodically with a piece of steel wire.  Photographs of the test tube apparatus are depicted in 
Appendix 1.  The temperature of the contents within the test tube was monitored by suspending a 
type K thermocouple (Omega Engineering Inc., Stamford, CT), which was attached to a 
microprocessor thermometer (model HH21, Omega Engineering Inc., Stamford, CT), in the 
shortening.  The temperature of the test tube apparatus was monitored to ensure it did not exceed 
135°C and the brain homogenate was cooked at this temperature for 45 minutes. 
 
After the test tube was removed from the apparatus and allowed to cool, the remaining brain 
homogenate was transferred to a freezer vial, mixed with 500μl of PBS, and froze at -70°C until 
ground with a Dounce tissue homogenizer and diluted with 15.5 ml of PBS to create the rendered 
treatment inoculum.  
 
Alkaline Hydrolysis Treatment Group 
The brain homogenate sample was removed from -70°C storage and allowed to thaw to ambient 
temperature.  The sample was transferred to a 200 μl PCR tube.  KOH was added at 8% of sample 
weight and distilled water was added at 12% of the combined weight.  The PCR tube was sealed and 
placed inside a 1.5 ml self-contained stainless steel module, and kept at 4°C until hydrolysis 
treatment.  The module was transported to the alkaline hydrolysis unit and fastened to the waste 
water collection rim located just inside the lid of the vessel.  The vessel was then sealed and turned 
on.The alkaline hydrolysis process lasted a total of 65 hrs.  At the conclusion of the waste water 
removal step the effluent was discharged and the vessel was allowed to cool until the module could 
be safely retrieved for transport back to the USDA/APHIS/Wildlife Services/National Wildlife 
Research Center (NWRC) and stored at 4°C.  The hydrolyzed material was transferred to a 50 ml 
centrifuge tube and neutralized with pH 3 PBS.  Once the hydrolyzed sample was neutralized, neutral 
PBS was added up to a final volume of 16 ml.  
 
Mouse Bioassay  
Mice were maintained at the NWRC, Fort Collins, Colorado, USA, in cages with five mice per 
cage, under standard rodent housing conditions (19° –23°C, ambient humidity, 12:12 
light:dark cycle), and monitored daily according to the guidelines established by the Animal 
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Care and Use Committee (ACUC) of Colorado State University (ACUC approval number: 06-070A-01).   
 
One hundred twenty (120) C57Bl/6 mice (Hilltop Laboratory Animals, Hilltop, PA) were randomly 
divided into 4 groups of 30 mice each.  Cages of mice were randomly assigned to treatment groups 
using a random number generator and groups other than the negative control were blinded to 
prevent prejudicial judgment of disease onset.  Each mouse was inoculated by intra-peritoneal (intra-
abdominal) injection with 500 μl of their designated treatment material.  All but 1.0 ml (which was 
retained for in vitro analysis) of each treatment dilution was used during inoculation (500 μl X 30 
mice = 15 ml).  Group 1 was administered normal mouse brain to serve as the negative control.  
Group 2 was inoculated with untreated Scrapie-positive mouse brain to serve as the positive control.  
Group 3 was inoculated with rendered Scrapie-positive mouse brain material to investigate the 
effects of commercial rendering on prion infectivity.  Group 4 was administered hydrolyzed Scrapie-
positive mouse brain material to examine the effects of alkaline hydrolysis on prion infectivity.  Three 
mice from each treatment group were euthanized at 2 and 4 months after inoculation and their 
brains were collected for examination of abnormal prions (PrPSc) using a TSE ELISA.  The remaining 
mice will monitored for overt signs of disease.   
 
Animal survival studies are inconvenient and extend over a long period of time, but currently are the 
only accurate method for determining prion infectivity.  Positive control mice are expected to show 
clinical signs starting around 200-220 days after injection.  Mice showing no signs of disease will be 
euthanized at 18 months after injection.  To determine when mice will be euthanized, several 
symptoms will be monitored, which includes a rough coat, ataxia, kyphosis (hunched back), a stiff 
tail, and a “collapsed” abdomen.  Suspect symptoms will be awarded 1 point and distinct symptoms 
will be awarded 2 points.  Other symptoms such as extreme lethargy will also be recorded.  When a 
mouse has a score of at least 6 for a period of at least 3 days or records a score of 8 or more, the 
mouse will be euthanized to prevent undue suffering.   
 
Brain tissues were obtained from mice that died (from any cause) or were euthanized, and mixed 
into a 1:10 dilution with PBS, homogenized using a Dounce tissue homogenizer, and stored at -70°C 
until assayed.  The collected tissues were analyzed for the presence of abnormal prions using a TSE 
ELISA diagnostic assay. 
 
Diagnostic Assay 
Brain homogenate samples were evaluated at the NWRC using a modified prion protein enzyme 
immunoassay test kit (SPI-bio, Montigny le Bretonneux, France) for identifying the presence of PrPSc.   
 
Effluent Analysis 
Two representative alkaline hydrolysis effluent samples were recovered after discharge and sent to 
Warren Analytical Laboratories, Inc. (Greeley, CO) for proximate analysis and quantification of 
phosphorous and nitrogen levels, because it is theorized that a favorable nutrient profile may identify 
a new and novel use for the effluent to capture value from the process. 
 
Findings 

Mouse Bioassay 
The mouse bioassay was initiated on December 5, 2006, and the results of the Scrapie ELISAs are 
still pending at this time (Table 3).  ELISA results of brains collected from the 2 and 4 month post-
inoculation euthanasia periods did not yield any discerning results that could conclusively identify 
the presence of infectious PrPSc (data not shown).  This was expected given the results from 
published research literature that have identified the incubation period of mouse-adapted 
Scrapie at approximately 200 –220 days post-inoculation.  Two mice have been sacrificed 
for displaying clinical signs redolent to symptoms displayed by mice affected with Scrapie.  
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Moreover, other mice are beginning to display similar symptoms and they will be euthanized when a 
score of at least 6 for a period of at least 3 days is observed or if a score of 8 or more is recorded, to 
prevent undue suffering as specified in the ACUC protocol.  One mouse died shortly after inoculation 
and another died unexpectedly and was cannibalized before it could be removed from the cage and 
the brain collected for analysis.  Under the current design, the treatment cages were blinded, except 
for negative controls, to prevent prejudicial judgment of clinical symptoms, and therefore, it is not 
possible to identify which treatment group or groups are afflicted with possible Scrapie without 
potentially compromising the integrity of the study.  The efficacy of rendering and alkaline hydrolysis 
treatments to reduce or eliminate PrPSc infectivity will be demonstrated by the survival of inoculated 
mice.   
 
Cost Considerations of Alkaline Hydrolysis 
Dr. Barb Powers (2007) estimates that the cost of disposing animal carcasses via alkaline hydrolysis 
is approximately $0.16/lb.  However, these operating costs do not include initial capital costs 
associated with purchasing and building or renovating facilities to accommodate a hydrolysis unit 
(Table 4).  On a cost per head basis, alkaline hydrolysis does not appear to be a competitive 
alternative to other whole-carcass disposal methods, however, under controlled situations may be 
the ideal disposal method for destroying TSE-infected carcasses.  Taylor and Woodgate (2003) 
reported that hot alkali processes, like alkaline hydrolysis, are one of the few disposal methods 
approved by the European Union and World Health Organization for inactivating prions.   
 
Effluent Analysis 
Proximate analysis of the two representative effluent samples revealed a high protein and fat 
content (Table 5), which was expected given the raw material.  However, the high percentage of Ash, 
which is probably inflated because of the high volume of KOH added to the hydrolysis process, could 
limit its inclusion in non-ruminant diets (Table 5).  Given the competitiveness of the reported effluent 
nutrient values to common dietary feedstuffs values (Table 5), further investigation is warranted into 
its potential application as a protein source or nutrient supplement for non-ruminant animal feeds.  
The potential value of the effluent as an additive to animal diets was first presented by Taylor and 
Woodgate (2003), but has not been investigated further because of current European Union 
guidelines that prohibit inclusion of this material in all animal feeds. 
 
The analysis also revealed low levels of nitrogen and elemental phosphorus, indicating the potential 
value of this material as a fertilizer or soil amendment.  Current Colorado law does not regulate the 
minimum level of available nitrogen and phosphorus that must be present in soil fertilizers (Johnson, 
Personal Communication, 2007).  However, labels that claim or guarantee a minimum level of 
inclusion for a particular nutrient, like nitrogen, phosphorus, and other plant nutrients, must clearly 
identify the elemental availability of each nutrient mentioned (Colorado Department of Agriculture, 
2004; Johnson, Personal Communication, 2007).  When considering the relatively small volume of 
effluent that could be available on a weekly basis, its may have potential as a bagged fertilizer, but 
given the infectious and potentially harmful characteristics of the starting raw material, few people 
may be inclined to handle and use it as a fertilizer.  There is also the risk of liability should someone 
contract a disease that could be traced to a batch of effluent that was inadvertently cross-
contaminated or hydrolyzed improperly.   
 
The effluent appears to be even more limited as an agriculture fertilizer (Table 6) because of the 
small volume of effluent that is generated on a weekly basis, the low levels of available nitrogen and 
phosphorus, and the physical characteristics that make handling and transporting difficult 
(Westfall, Personal Communication, 2007).  Common to all commercial fertilizers is its ability 
to flow; either as a dehydrated and granulated solid that can be broadcasted or side-
dressed, or as a liquid that can be injected into the soil (Westfall, Personal Communication, 
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2007).   
 
Other potential uses for the recovered effluent, which were not investigated in this study, include its 
application as a nutrient source for composting and anaerobic digestion.  Taylor and Woodgate 
(2003) reported that the only method available for recovering value at that time was to use it as a 
nutrient source in anaerobic digestion.  Given the difficulties surrounding its application as a 
fertilizer, composting and anaerobic digestion may hold the most potential for recovering value from 
the effluent and should be investigated further. 
 
Implications 
 
This different carriage may provide a marker for human infection with these strain types. The most 
intriguing finding of this study is the lower frequency of Salmonella contamination in the Pacific 
Northwest study site compared to other regions. Further research to understand the basis for  
this difference could lead to new approaches to reducing the potential of Salmonella contamination 
on beef products. 
 
 

Table 1.  Log CFU/ml concentrations of Geobacillus stearothermophilus (ATCC 10149) spore suspensions 
before and after treatment challenge 

  Initial Concentration Final Concentration 
Treatment Replicate Log CFU/ml Log CFU/ml 

 1 6.45 < 1.0* 
 2 6.96 < 1.0 

Chemical 3 7.00 < 1.0 
 4 6.43 < 1.0 
 5 6.30 < 1.0 

 1 6.45 0.0 
 2 6.96 0.0 

Environmental 3 7.00 0.0 
 4 6.43 0.0 
 5 6.30 0.0 

 1 6.45 < 1.0 
 2 6.96 < 1.0 

Complete Process 3 7.00 < 1.0 
 4 6.43 < 1.0 
 5 6.30 < 1.0 

* The detection limit of the analysis was <1.0 log CFU/ml for the Chemical and Complete Process treatments because they 
had to be neutralized in double strength D/E Neutralizing Broth. The detection limit for the Environmental conditions 
treatments was <0.0 log CFU/ml because it did not undergo a neutralization step. 
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Table 2.  Log CFU/ml concentrations of Mycobacterium terrae (ATCC 15755) vegetative cell 
suspensions before and after treatment challenge 

  Initial Concentration Final Concentration 
Treatment Replicate Log CFU/ml Log CFU/ml 

 1 8.35 -- 
 2 8.35 -- 

Chemical 3 8.78 -- 
 4 8.29 4.64 
 5 8.29 5.63 

 1 8.35 0.00 
 2 8.35 0.00 

Environmental 3 8.78 0.00 
 4 8.29 0.00 
 5 8.29 0.00 

 1 8.35 0.00 
 2 8.35 0.00 

Complete Process 3 8.78 0.00 
 4 8.29 0.00 
 5 8.29 0.00 
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Table 3. Negative control treatment groups (numbers) and blinded Scrapie- positive 
brain homogenate treatment groups (letters), and the number of mice 

  euthanized at designated observation periods   

  Euthanasia periods   

Cage N 2 months 4 months Indefinite Deaths* 

2 5 0 0   

7 5 0 0   

8 5 1 1   

9 5 1 1   

11 5 0 1   

16 5 1 0   

A 5 1 0   

B 5 0 1   

C 5 1 1   

D 5 0 1   

E 5 0 1   

F 5 1 0  1 

G 5 0 1   

H 5 1 0   

I 5 0 1   

J 5 1 0 1  

K 5 1 1   

L 5 0 1   

M 5 1 0   

N 5 0 1   

O 5 0 0   

P 5 1 0   

Q 5 1 0 1  

R 5 0 0   
 120 12 12 2 1 

* A mouse in the rendered treatment group died at the time of inoculation, prior to blinding assignments, but 
due to the blinding of the treatment cages it is not known what cage it originated from. 
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  Table 4. Cost considerations for operating an alkaline hydrolysis unit*   

  Inputs** Cost  ($/lb)   

Steam, Water, and Electricity 0.01 
Chemicals (KOH) 0.02 
Personnel 0.04 
Disposal Costs 0.07 

  Maintenance/Service/Repair 0.02   

  Total 0.16   

  Per Head***   

Cattle (~1350 lbs) $216 
Sheep (~140 lbs) $22 
Swine (~263 lbs) $42 

*Considerations based upon a 4,000 lb unit. 
**Excludes capital costs 

Source: Powers, Personal Communication, 2007; ***USDA/NASS, 2005. 

 
 
 
 
 
 
 
Table 5. Comparison of proximate analysis results of two representative effluent samples to common dietary 
feedstuffs. 
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Table 6. Comparison of effluent nitrogen and phosphorus levels to popular 
  commercially available soil fertilizers   

Fertilizer Nitrogen Phosphorus (P2O5) 
Effluent 5.07 3.45* 

Anhydrous ammonia 82 0 

Pressureless N solutions (NH4NO3 
+ urea + H2O) 

 
28 - 32 

 
0 

Urea 45 0 
Ammonium sulfate 20 0 
Diammonium phosphate 18 - 21 46 - 53 
Ammonium polyphosphate 10 - 15 35 - 62 
Monoammonium phosphate 11 - 13 48 - 62 
*Calculated: 1.57% (P) X 2.2 (factor) = 3.45 

Source: Follett et al., Fertilizers and Soil Amendments, 1981. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1.  


